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INTRODUCTION 

The Tampere schist area and its location in Southwestern Finland 
(Fig. 1) has been well-known since Sederholm's investigations brought 
it before the attention of geologists half a century ago. His fundamental 

Fig. 1. The loeation of the Tampere sehist area in S. W. 
Finland. 

investigation was published in 1897, and excited great interest especially 
owing to its far-reaching interpretations of the origin of early supracrustal 
rocks. This work has become a foundation of the uniformitarianism in 
the Archaean geology of Fennoscandia. 

ederholm divided the earliest Archaean formations into two age 
groups betweel1 which there was supposed a great unconformity, and 
put forward this opinion time after time (op. cit., and further publica -
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tions in 1913, 1914, 1931, 1932). He called the older of these division:; 
the Svionian and the younger the Bothnian. The Tampere schists would 
belong to the Bothnian, and the porphyritic granite widely distributed 
immediately south of the schists would represent their basement rock. 
This granite, among others, was thus a »pre-Bothnian granite» in Seder
holm's classification. Mäkinen (1915) was the first to observe that certain 
igneous rocks regarded as pre-Bothnian penetrate the Bothnian schists, 
and thus the great unconformity assumed could not exist. There is, in
deed, evidence of deep denudation having taken place before the present 
Tampere schists were deposited (Sederholm 1931; cf. also p. 42), but 
nowadays both the Svionian and Bothnian are considered to belong to 
the same Svecofennian formation in which the Tampere schists, howe\Oer, 
obviously represent a somewhat younger intraformational di\"ision 
(Wahl 1936). 

It is characteristic of the »Bothniam formations that metamorphism 
has only slightly obliterated the primary structures of the supracrustal 
deposits. Formations analogous to the Tampere schist area have been 
met, e. g., in Ylivieska and neighbouring parishes in Ost-Bothnia (from 
which the name »Bothniam is derived) in Finland (Mäkinen 1916), and 
in Grythytte in Central Sweden (Sundius 1923). The Tammela-Kalvola 
area in Southwestern Finland, included in the Hämeenlinna map sheet 
of the Geological Survey of Finlanel (1949), in addition to which abrief 
report of it has earlier been published by E skola (1936) , also belongs to 
the »Bothniam. Especially in the Grythytte area have many analogies 
been observed. In both formations rather slightly metamorphosed clayey 
sediments, represented by fine-grained phyllite, are abundant. Conglom
erates have clearly an intrafonnational character and an overwhellll
ing majority of their pebbles originate from the underlying supracrustal 
rocks of the same continuous series. Intercalations that are easily re
cognizable as being incompletely decomposed volcanic materials with 
well-preserveel primal'y phenocrysts, etc., are common. The ores in both 
the Grythytte anel Tampere area have originateel through late metaso
matic processes, and differ from typical old ores in the Svecofennidic 
leptite region. Of course, differences can also be found, and further 
comparisons will be presented in several connections in the present paper. 
Mäkinen (op. cit.) suggested similar ideas as regards the conglomerates 
and the gradation from volcanics into sedimentary rocks in the Ylivieska 
area, but the phyllite proper is laclung there. In general, the grade of 
metamorphism in the Finnish Bothnian districts has been higher than 
that in the Grythytte area, in which low-temperature mineral assemblages 
are quite common. Concerning the stratigraphy, in the Tampere area 
the sedimentogenous series seems to be lower, as indicateel by the varved 
phyllites, and is overlaid by volcanics. In the Grythytte area, and quite 
likely in the Ylivieska area also, this relation is the reverse. 
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Fig. 2. The loeation of the areas in tho Tampm'e distriet invostigated anel mappeel in more 
detail. 1. The original area mapped by Seelerholm (1897). 2. 'rhe Suodenniemi- Lavia area 
(Sederholm 1931). 3. The Viljakkala area (Stigzelius 1944). 4. The Ylöjärvi area (Simonen 
and Neuvonen 1947). A revised map of this last area is af. 0 included in the explanation to 
the Viljakkala- Teisko map sheet of the Geological Survey of Finland (in print). 5. Sheet 
-2122, Ikaalincn, of the Geological Survey of Finland, including the maps of the schist areas 
of Heittola- Kovelahti and Kankaanpää in the explanation to the niap (in print). 6. Sheet 
-2124, Viljakkala- Teisko, of the Geological urvey of Finlancl (in print). 7. The area in-

vestigated by the present author. 

In the la·t few years many complementary investigations haye been 
carried out in the Tampere area. Stigzelius (1944) has presented a study 
in which the main attention is paid to the ore geology of the Haveri 
copper mine in the parish of Viljakkala. Saksela (1947) has described 
ore mineral assemblages in particular metasomatic schists. In 1945, the 
Geological urvey of Finland started a detailed revision work in this 
classical area, and as the results of this work two map sheets on the scale 
1 : 100 000 will be publisheel in the near future. Abrief description of 
the metamorphism of the schists has ah'eaely been published on the basis 
of these new observations (Simonen anel Neuvonen 1947). In this connec
tion the field work for the present investigation was also carrieel out, 
but as the area to be elescribeel has been mappeel as part of a larger region, 
it does not, unfortunately, represent a complete entity. 

The location of the areas investigated and mappeel in more detail 
is shown in Fig. 2. 

In the area northeast of Tampere exposures are abundant, and hence 
accurate mapping was possible. Low east-west ridges (i. e., parallel to 
the strike) are characteristic of the terrain. Many of the smalliakes trend 
similarly, but oth'ers are across the strike. The latter represent joint 
directions in the rock crust, and juelging by their trend corresponding to 
that of the numerous long and narrow lakes in the whole Archaean region 
of Southwestern Finland, they may be due to a uniform deforming force 
that affected large areas of the Svecofennides. 

2 1172/51 
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Most attention has been paid to the petrological side. The petro
graphical description is divided into three main parts, namely, (1) the 
supracrustal series, (2) intrusive rocks, and (3) metasomatism. However, 
in particular the northern boundary zone of the schist belt bears many 
indications of interesting phenomena that may somewhat hamper the 
clear picture of separate groups. Different infracrustal processes have 
apparently been made to converge. 

The rock-forming operations, especially those at deep horizons, are 
not always easily divisible into particular groups. Convergence of normal
metamorphic and metasomatic processes is weIl in evidence. That of 
metamorphic and magmatic phenomena may not be very uncommon 
either, as has been suggested by Erdmannsdörffer (in several papers), 
Drescher-Kaden (1936), Koch (1939), and others. Read has recently 
(1944, p. 93; 1948 a, p. 3) advanced a completely new classification of 
rocks. It is: meptunic» (the sedimentary rocks); »volcanic» (the magmatic, 
dominantly effusive rocks); »plutonic» (the metamorphic, migmatic, and 
granitic rocks). All the rocks of a deep-eroded district would thus be 
»plutonic», and Read frequently emphasizes the )mnity of plutonism» 
(cf. 1948 b, p. 196); he also holds that some movement of material is a 
part of all metamorphic processes: there would be no closed systems 
a,nd no absolute mormal-metamorphic» rocks. 

In the present paper, some points concerning the evolution ofthe rock 
types may illustrate the convergence of the different processes in the 
Tampere area. Most of the schists, in any case, are so weH preserved 
(e. g., the varved phyllites) that there is all reason to consider them to 
have remained approximately constant also in chemical composition. 



THE SUPRACRUSTAL SERIES 

The schist complex is composed of volcanogenous and sedimentogenous 
rocks of many different kinds , in addition to which there are certain transi
ti on al forms between these main groups. Volcanogenous rocks are situated 
mainly in the northern part of the belt, while sedimentogenous rocks 
rather definitely form the southern half of it. 

VOLCANOGENOUS ROCKS 

ROCKS OF RECOGNIZABLE LAVA ORIGIN 

These rocks usually have a beautiful porphyritic texture with idio
morphic phenocrysts and a granoblastic, often very fine-grained ground
mass. In places, however , the relict textures have been disturbed by 
intense dislocations. 

Most of the ancient lavas have a basic bulk composition. Uralite por
phyrite, uralite-plagioclase porphyrite, and plagioclase porphyrite belong 
to this group. These basic rocks have originally been basaltic lavas. 

The largest occurrence of uralite porphyrite is situated W. of Lake 
Hankajärvi in the E. part of the parish of Teisko . In places, however, 
its lava origin is questionable. Very typical are comparatively thin beds 
in the central part of the area, especially between Lakes Paarlahti and 
Pulasjärvi in Teisko. They are 5-30 m. in thickness, but can be remark
ably extensive along the strike. In thick beds the ground-mass is not 
as fine-grained as is usual. 

Hornblende occurs as phenocrysts as weIl as smalleI' flakes in the ground
mass. In the main occurrence of this porphyrite the primary crystal form of augite 
is rather uncommon, probably owing to a strong deformation. The hornblende is 
1.1sually of the common green species, but in some cases it shows a slightly bluish 
colour for y, the extinction angle (y i\ c) in that case reaching values up to 27°. 

Plagioclase occurs mainly in the granoblastic ground-mass. A few small pheno
crysts can b e observed. The maximum extinction angle in the symmetrical zone 
is 24-25°, thus the plagioclase is andesine (An 40_ 42). (Most determinations of 
plagioclase have been carried out by this method. In most cases the determina
tion was checked by m easuring the 1'efractive index , 01' by comparing the 1'efringence 
with that of quartz 01' Canada Balsam.) 
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Fig. 3. Uralite-p1agioclase porphyrite. Between Lakes 
Pulasjärvi and Syväjärvi, 'l'eisko. Magn. 6 X . 

Biotite oeeurs as small, pale 
browll flakes, in some specimens 
in eonsiderable amounts, having 
inereased by seeondary proc. 
esses. QuaJ'tz, probably a.lso of 
seeondary origin, is found in the 
gJ'ound·mass. 

Sphene as small roundeel 
grains is the eommonest aeees· 
sory. The others are apatite anel 
iron ore. 

In the uralite porphyrites 
that have been strongly af
fectcd by mechanical disloca
tion, a lower-temperature 
metamorphism has usually 
taken place. In that case 
hornblende is pale-coloured 
and weakly pleochroic, and 
often entirely chloritized in 
the ground-mass, as in many 

phenocrysts. Epidote occurs in abundance. Sphene is often found as an 
alteration product (leucoxene) of titanifel'ou iron ore. Calcite is 0 bserved. 

otwithstanding the cleal' evidence of low-temperatul'e metamorphism, 
the anorthite percentage of plagioelase can be as high as 25- 30 %. 

Uralite-plagioclase porphyrite occurs in elose connection with the 
uralite porphyrite, both types often gradually passing into each other. 
The best example of this rock is met with . of Lake Pulasjärvi in Teisko. 
Its primary texture is weH-preserved, and shows no parallel arrangement 
of the minerals, and the gl'ound-mass is very fine-gl'ained (Fig. 3). 

The hornblende phenocl'ysts often display an excellent augite form, and m.any 
grains contain augite remnants. On1y in this porphyrite is augite found. 

Euhedral plagioclase phenocrysts are abwldant. Their composition is An 29_ U 

(the max. ext. angle in the symm. zone = 13- 25 '). 
Hornblende and plagioclase are the essential constituents of the ground.mass, 

too. Biotite is present, but not in noticeable amounts. It is probably an alteration 
produet of hornblende. 

Epidote is observed in abundance in the grounel·mass, and to a smaller extent 
as an alteration proeluct of thC' plagioclase phenocry ts, often filling cracks in them. 
Quartz forms sm all accumulations. 

Sphene oceurs mainly as leucoxene rims around ilmenite grains. Some fairly 
big prisms of apatite are met with. 

Plagioclase porphyrite without hornblende phenocrysts is only encoun
tered in smaH amounts. Two 01' three thin beds are met with in the N. 
part of the complex. The thickest bed (about 25-30 m.) from which 
the specimen studied was taken, has been strongly affected by meta
morphism, and hence its mineral composition does not correspond to 
that in the amphibolite facies. 
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The plagioclase phcnocrysts measure up to 8 mm. in length. Many of them 
are well-shaped, but fragmentary crysta ls are also met with. The phenocrysts are 
sti ll remarkably rich in anorthite, An 35_ 4o (the max. ext. angle = 18-23°), but 
some individuals haye partly recrystallized in lL pcculial' manner (sec further p. 45). 
In consequence of t he r ecrystallization the anorthite percentage is lower , some
times less than 20. The plagioclase of the fine-grained ground-ma's is probably 
more albitic than are the phenocrysts on the ayerage. but it a lso shows a refringenc e 
higher than that of Canada B a lsam. 

Abundant biotite ha been chloritized a lmost completcly. Many largo, elongated 
accumulations of pure chlorite are observed. They mayaIso be alteration products 
of some earlier dark mineral. 

Quartz forms lenses parallel to the foliation. and is, moreovcr, evenly distributed 
in the ground-mass . It may be for the most part of secondary origin. 

The ground-mass is very rich in epidote. In the plagioclase phenocrysts euhedral 
epidote crystals arc not uncommon. Calcite occurs a round and between the pheno· 
crysts. Micr ocline is met with as so me small, elongated accumulations, its secondary 
origin b eing obvious. Apatite occurs as an accessory, as weIl as sphen e in associa 
tion with chlorite. 

In the easternmost part of the schist area, on the shore of Lake Pap
pilanselkä in the parish of Orivesi, another type of plagioclase porphyrite 
is encountered. This occurrence has the form of a sill, about 200 m. in 
thickness. In many places the ground-mass can be very coarse-grained 
resembling some gabbros. The porphyritic texture is weakly devel
oped and the foliation is indistinct. The main mineral components are 
plagioclase (An 42), and green 01' slightly bluish hornblende, this also 
forming some small phenocrysts. Biotite occurs in considerable amounts 
closely associated with hornblende. Probably this porphyrite belongs 
to the same volcanic period as the others, representing a hypabyssal 
mode of origin. 

Intermediate rocks 0/ lava origin are mainly andesitic 01' rat her 
trachyandesitic in composition. A thick bed is situated along the southern 
shore of Lake Vaavujärvi, in the E. part of Teisko, and it extends from 
there several kilometres to the E. The ground-mass of the rock is fairly 
coarse-grained, except in the northern marginal zone in which the texture 
rather resembles that of the typical, metamorphic lava rock. This bed 
(01' sill) is lying in approximately the same horizon as the hypabyssal 
plagioclase porphyrite treated above. Here also the occurrence is pro ba
bly hypaby sal, unless the grain size of its main part is a primary feature 
of a thick (more than 300 m.) lava bed. 

The marginal zone type was analyzed (Table I , N:o 1). The composi
tion resembles that of a keratophyre from the W. part of the Tampere 
area (Simonen and Neuvonen 1947, p. 252) , though it is slightly more 
basic. Silica might have increased secondarily. The name trachyandesite 
is preferred to keratophyre, in view of the comparatively high amounts 
of FeO and CaO. On the other hand, the [Na 20] : [K20] ratio is quite 
typical of a keratophyre. 
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Table I. Analyses of t he supracrustal rocks. 

2 I I MOl. I 0/ 0 I :llol. I , 0 pro)). '0 prop. 

8i02 ...... 58.79 9789 68.76111449 
Ti02 ...... 0.90 113 0.35 44 
AI 2ü 3 . . ... 16.77 16J5 15.37 1508 
Fe

b
0 3 ..... 2.28 143 1.65 103 

Fe ....... 5.50 766 0.57 79 
MnO 0.10 1J 0.05 7 
MgO ...... 2.32 575 0.32 79 
ICaO ....... 4.43 790 1.28 228 
Na20 .. . . . 5.54 894 J..17 721 
K20 ...... 2.04 217

1 

6.2.; 663 
P 20 6 •..... 0.33 23 0.0 .11 3 
H2O+ ... . 1.18 

1 

0.84 
H2O- . . .. 0.07 0.12 

100.251 100.07 1 

Niggli numbers 
si ......... l8U 328 
ti ..... . ... 2.2 1.3 
al ......... 31.7 43.2 
fm ........ 31.7 10.6 
c ......... 15.2 6.5 
alk .. . . ... 2U 39.7 I 
k ... . ..... 0.20 
Img ....... 0.35 
c/Im . . ... . 0.48 
qz ........ 3 °"1 0.21 

0.61 
69 

Mineral composition 
Plagioclasc. An 6_ 649.5 L 

Quartz . ... 10.71 

Fine-grainrd 
Imatrix of 
Iquartz and 

I
Plagioclase . 
Microclillc . . 
Hornblende. 
Biotite ... . 

IChlorite ... '1 
)iluscovite .. 
IEpidote . . . . 
Apatite .. . '1 

j

Calcite ... . 
Iron ore . . . 
Tourmaline. 

10.2 
21.1 

7. i 
0.1 
0.4 

100.0 

AU 4 840 .21 

22.0 1,2 

;\~ . 7' 

-
:3.1 

100.0 

1 Calculated for the ground-mass. 
2 Including the accessories. 
3 Larger individual grains. 
4 Calcula ted. 

I 

I 

I 

3 1 

0' 
' 0 

I Mol. 
prop. 

59.84 9963 
0.75 94 

14.19 1392 
6.56 411 
4.97 692 
0.08 11 
3.00 744 
1.53 273 
1.74 281 
J.64 

'''1 0.
31

1 
22 

2.45 
0.07 

100.131 

212 
2.0 

29.6 
J8.2 
5.8 

1604

1 

0.~4 
0.33 
0.12

1 

4 
j I 

6 1 

" I )101. 
" 

I )10 1. 
" I )[01. 

0 prop. 0 prop. ,0 prop. 

56.2u 
O. 1 

15.05 
2.22 
4.86 
0.14 
6.86 
5.90 
3.16 
2.36 
0.29

1 

2.00 
0.12 

100.031 

9367160.'''° 0971"'."110 679 101 0.67 84 0.67 84 
1476 16.86 16M

1 
16.41 1610 

139 1.42 89 1.20 75 
677 

20
1 1701 

1052 
510 
251 

201 

I 

157 I 
1.7 I 24.7 

44.9 
17.6 
12.8 I 
0.33 
0.64 
0.39

1 

H.6 

23.6 
35.fi 

2l.4 

0.3 

J.92 
0.08 
3.37 1 
1.96 
5,,[1 
2.83 
0.26 
1. 31 
0.07 1 

99.80 

6851 
11 

836 
350 
873 
300 

18 

207 
1.7 

33.8 
35.0 

7.2 
24.0 I 
0.26 
0.49 
0.20

1 

} -t0.!1 

0.2 

0.7 

3.951 

0.0,[1 
2.53 
U61 
-1.24 
3.44 
0.36 
1.63 
0.10 

lOO.27 

550 
6 

627 
278 
684 
:365 

2:) 

1 
1 

250 
2.0 

:)7.7 
31.2 

G.S 
2J.G 
0.35

1

, 

0.47 
0.21 

JOO .o lOO.o 

1. Metamorpbic trachyandesite. E. end of Lake Vaavujärvi , Orinsi . Allalyst P. Ojunperii.. 
2. Feldspar porphyl')'. N. of Lake Valkeajärvi , Orivesi. Analyst M. Mäntynen. 
3. Pbyllite. N. of Lake Va avuj ärvi , Teisko. Analyst P. Ojanperä. 
J. Hornblende scbist. N. W. shore of Lake Pappilanselkä, Orivesi. Analyst Gischt 8tjernvall. 
5 and 6. 8uccessive evolutiol1ury stages in thc gradation towards thp N. of the mctamorphic 

trachyul1r1esite (N:Q 1). Analyst P. Ojanperä. 
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Fig. J. Intcl'll1ediate plagioclase porph yrite (metamorphie tra
chya ndesite). E. of Lake Vaavuj ärvi , Orivesi. Nie. +, magn. 

16 x . 

The mode has been determined by means of the integration stage, 
in this and all following cases, unless stated otherwise. 

A microphotograph of the rock is presenteel in Fig. 4. 
Plagiocla se oeeurs as phenoeryst s as weil as in the grolmd·mass. A weakly 

d eveloped zona l t ex t ure is observed in the phen oeryst.. Some erysta ls a re a lmost 
full of epidote, ome others eonta ining abundant intergrowths of tiny biotite a nd 
hornblende flakes . The m aximum extinetion a ngle in the symm. zone is ab out 
14°, a nd the r efraetive index y ' is :;;;; N of Ca nad a B a lsam, so the plagiocla"e 
is a lbite (An 6- 6)' In the ground-mass plagioclase oeeurs a s minute, t abular e rystals 
or n eedles. These often h ave a weil d efined p arallel a rra ngem ent whieh resembles 
flow t exture. 

Biotite oee urs ehiefly as elongated aeeumulations and s treakti. 
Hornblende forms long , na rrow prism s whieh are di sp ersed without a ny d efinite 

arrangem en t , or aggregat ed into sm a ll groups . It shows a e lear bluish eolour for y, 
and the extinetion a ngle y /\ e is eomparatively la rge, about 27°. Cf. p. 32. 

Epidote is abundant in the ground.mass and oee urs as an infilling of amygdules, 
too. 

Some quartz is observed , esp eeially a t the ends of the plagioclase phenoeryst s 
and filling cracks in them. Ca lcite is often seen in assoeiation with it. 

Chlorite oeeurs in minute a m ounts as a n altera tion produet , and ap a tite as 
an aee essory mineral. 

The mineral association is typical of the epidote amphibolite facies . 
As may be inferreel from the great amount of epidote present as an altera
tion product, the anorthite content of plagioclase has primarily been 
much higher. The relative amounts of the minerals, as weIl as the grain 
size, are somewhat different in the main part of the beel. For instance , 
the amount of hornblende has diminished , while biotite has increased. 
No amygdules are observeel, anel the plagioclase has a slightly higher 
anorthite content (An 13_ 1S)' 
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Fig. 5. Feldspar porphyry. N. of Lake Valkeajärvi, Ori
vesi. Nic. +. magn. 20 x . 

Acid lavagenous rocks of the area are felds par porphyries, quartz por
phyry being not met with. In Orivesi, in the central part of the complex, 
the feldspar porphyry forms two extensive beds, though not very thick 
(25-40 m.). One of these beds can be followed for 11 km., the other 
for 10 km. Other beds are found in the neighbourhoods of Lakes Vaavu
järvi and Pulasjärvi. 

This well-preserved porphyry is a good example of the effusive rocks 
of the area. It has an aphanitic, red to chocolate-brown ground-mass in 
which the rectangular 01' rhombic feldspar phenocrysts are seen very 
clearly. Earlier, Sederholm has described the porphyry from Vaavujärvi 

Fig. 6. A phenocryst of the rock seen in 
Fig. 5. White = albite, grey = mieroeline . 

Nie. +, magn. 40 x . 

(1897, p . 67). Some parts of the 
long southern bed in Orivesi, how
ever , are even bettel' preserved. 
A microphotograph of this por
phyry is seen in Fig. 5. 

The phenocrysts measurc 1- 3.ömm. 
in lcngth. They a r e composed of albite 
(An4- s) and microcline intergrown 
with cach other, the resulting texture 
resembling microperthite. The a lternat
ing parts may trend regularly, cithe t' 
being perpendicular to the long cry tal 
fac es or forming an angle of 65-70° 
to them (Fig. 6). The crystals mainly 
composed of one component, show a 
more irregular texture. Albite some
times occurs as individual twinned 
crystals within the mixed phenocrysts. 
01' close to their borders. The average 
composition of the phenocrysts is, 
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n<.:cording to determination on the integration stage, 62.7 per cent albite and 37.3 
p.'r cent microcline. 

The grain size of the ground-mass is 0.01- 0.02 mm. It consists mainly of 
quart.,; and alkali feldspar. Chlorite 01' green biotite is observed in minute amounts, 
and also some tiny ore grains with leucoxenc rims. 

At the ends of many phenocrysts larger microcline anel quartz crystals are 
observeel, usually together with muscovite. Apparently they have crystallizeel 
b 'om circulating solutions. Y cllowish epidote is founel in cracks. 

The rock described was analyzed (Table I, N:o 2). The amounts of 
both alkalies are remarkably high. Among the acid volcanics of the 
Tampere area the soda-rich types may be commonest, but many feld
spar porphyries seem to represent a rat her inverse case (Sirnonen and 
Xeuvonen 1947, p. 252, and Sederholm 1897, p. 68). The analysis given 
by Sederholm represents the porphyry from Vaavujärvi. The rock 
described by the present author is related to so me porphyries in the classi
cal Oslo region , e . g., to those of the nordmarkite and the granitite series 
(Brögger 1933), and to a syenitic dike rock in the Kiirunavaara area 
(Geijer 1910, p. 49). Furthermore, Eskola mentions an aegirite granite 
from Miask, Ural, with nearly similar composition (1921 , p. 76). 

In effusive rocks with syenitic 01' alkali-granitic composition the 
mixed crystals of alkali feldspars are very common. The phenocrysts 
c1escribed may have primarily originated as anorthoclase crystals. The 
regular arrangement of albite and microcline parts could be explained 
as 30 perthitic text ure resulting from complete recrystallization during 
the metamorphism. On the other hand, the author has observed certain 
phenomena that do not support this interpretation. They are in connec
tion with the metasomatic increase of potash and will be discussed later 
on (p. 90 anu 98). For the present it may be stated that undeniable cases 
of replacement, caused by secondary potash, are seen in many rocks , 
a,nd plagioclase especia11y has been attacked by it. This is also true of 
the potash-extreme feldspar porphJl'y from Vaavujärvi. The textures 
resulting from an advanced replacement, however, are very irregular 
(Fig, 44, p. 99). A portion of the potash and silica has certainly been 
mobile in the rock described. The amounts of both alkalies are rather 
similar to those of the normal trachyte, but in 3011 other respects this 
rock is more acid. We must assume, perhaps , that silica and potash have 
increased to some extent secondarily, while FeO, MgO, and CaO have 
decreased. The character of a primarily aciellava rock cannot, however, 
be elenieel. It is possible that the potash of the rock itself has also been 
mobile, probably causing replacement phenomena. 

The felelspar porphyry beels N. E. of Vaavujärvi have been eleformeel 
more strongly. The ground-mass is coarser-grained anel the rock contains 
muscovite anel calcite in considerable amounts. The phenocrysts have 
been largely obliterated. It is noteworthy that their »replacement texture», 
if so assumeel, is not at a11 as distinct as in the better preserved rock. 

3 1172/51 



18 Bulletin de la Commission geologique de Finlande N: 0 153. 

The most deformed type has the purest albite phenocrysts. This fact 
again is not in harmony ,vith the »replacement theory», as strong defor
Hlation usually affords the best opportunities for metasomatic processes. 
On the contrary, it might be thought that unmixing of the mixed crystals 
has been still more advanced. 

Sundius (1923) has described potash-rich porphyries in the Grythytte 
area in Central Sweden, and also mentions textural features si milar to 
those described above. According to hirn, the phenocrysts would primarily 
have been mixed crystals composed of orthoclase, albite, and anorthite, 
from which the anorthite has later been leached away. He also regards 
the intergrowth of albite and microcline as presumably of perthitic 
character (op. cit., p. 94). Again according to Sundius, the actual chem
ical composition of the porphyries of Central Sweden is primary. 

Although the possibility of some metasomatic changes must be con
sidered, the existence of trachyandesitic porphyrite and alkali-rich feld
spar porphyry may imply a gentle alkaline tendency of the lava differen
tiation in the area. 

TUFFITIC ROCKS 

Where the schists have not been too strongly metamorphosed, the 
rocks of lava origin may be distinguished from those derived from vol
canic ashes. The ground-mass of tuffites is usually coarser-gTained. 
The porphyritic texture, especially megascopically, is often indistinct ; 
in many cases the feldspar phenocrysts are fragmentary, not idiomorphic. 
Even-grained types are not uncommon. Heterogeneity, or an indistinct 
bedded texture is often observed, and different types are closely alternat
ing. Furthermore, the tuffites are usually more distinctly foliated owing 
to the character of the primary material. In many instances, of course, 
it is difficult to distinguish volcanic rock types one from another. On 
the other hand, a gradual passage into sedimentogenous rocks often 
makes an exact definition difficult. 

For the greater part the tuffites are of basic or intermediate character. 

Basic porphyritic tuffites with uralite and plagioclase phenocrysts 
have a wide distribution N . and E. of Lake Pulasjärvi and in the neigh
bourhood of Lake Hankajärvi, in connection with basic porphyrites of 
the same composition. On the whole their mineral assemblages are similar 
to those of their respective lava rocks. An amphibolitic type occurs in 
the northernmost part of the complex N. of Lake Pukalanselkä, at Lake 
Hankajärvi, and several kilometres farther to the W. It has been more 
01' less affected by granitization and other secondary agencies, especially 
N. of Lake Paarlahti. WeU-preserved amphibolite is met with between 
Lakes Pukalanselkä and Hankajärvi. 
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The rock is wholly granoblastic without any reliet textures. The main mineral 
eomponents are green hornblende and plagioelase. A well-developed linear text,ure 
is created by parallel hornblende erystals. Some aeeumulations of hornblende are 
observed. The plagioclase shows a maximum extinetion angle of about 18° in the 
symmetrie al zone (An 35). 

Sphene and apatite oeeur as aeeessory minerals. 

This amphibolite has also been somewhat influenced by the adjacent 
granite. Noticeable amounts of potash feldspar are observed between 
the primary minerals and the plagioclase has been considerably sericitized, 
and some chlorite and epidote have crystallized at the expence of horn
blende. The texture and appearance of the rock, however, has remained 
fairly unchanged. 

In the amphibolite some calcareous concretions are found. These 
consist of greenish diopside, quartz, and plagioclase as main components. 
Plagioclase is rich in anorthite (about An 5o). The concretions are rimmed 
by a fine-grained aureole of quartz, hornblende, and anorthite-rich plagio
clase. Sphene is comparatively abundant as small oval crystals in both 
the concretion and the rim. 

In highly deformed zones the most basic tuffites are largely composed 
of chlorite, albite 01' oligoclase, and epidote. Calcite is observed in abun
dance as an infilling of cracks and as minute veins parallel to the folia
tion. Magnetite is also invariably present, sometimes as idiomorphic 
individuals, and probably the iron has been released from chloritized horn
blende. Such a mineral association is related to a low-temperature facies. 

Among the basic and intermediate volcanics of tuffitic origin plagio
clase-porphyritic schists are by far the commonest. As regards the 
mineral composition of basic types, the description of the plagioclase 
porphyrites (p. 12) may be sufficient. Owing to their great extent, how
ever, they may vary greatly according to the conditions in different 
places. Chlorite-epidote-rich varieties , often with calcite and magnetite, 
have been developed at low temperatures. 

Schists of intet'mediate bulk composition seem to have been derived 
from materials of different origin, as may be deduced from their great 
amount compared with that ofrespective lava rocks . They often alternate 
with basic volcanics, the types gradually passing over one into another, 
but in many instances it is not at all certain that the composition of a 
more acid layer is primary, and such beds may even be of nonvolcanic origin. 
Weathering during deposition and later metasomatic processes have 
certainly produced rocks of intermediate composition. In the field the 
distinction between different cases is often impossible. 

The following mineral association of the plagioclase-porphyritic inter
mediate schists best represents the amphibolite facies . 

The main eomponent is plagioclase (An 2S_ so), The size of the phenoerysts 
varies greatly, they are often fragmentary, and sometimes tmevenly distributed 
forming aeeumulations. 
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Biotite occurs ai'! long streaks as wcll as epa rate flakes . 
A considerable amotmt of quartz is observed, but for the great part occm's 

in press ure minima around the plagioclase phenocrysts, or as a n infilling of cracks. 
ctc. , and accordingly it is chiefly of secondary origin. 

1ron ore, apatite, and sphene are present as acccssory minerals. Epidote, 
calcite , sericitc, and chlorite are observed as alteration products . 

In most cases some microcline is present in these schists, occurring 
mainly in connection with the plagioclase phenocrysts either as indef
inite tiny »veins» within them, or immediately around them. Moreover, 
it often fills cracks together with quartz and epidote, 01' also with calcite. 
The epidote occurring in connection with biotite sometimes forms idio
morphic crystals which may have a zonal texture. The kernel of such 
individuals is allanite. All these features show that there has been a 
circulation of materials. Whether there is real metasomatism or an auto
metasomatism in question is often difficult to decide. In a rock, e. g. , 
of trachyandesitic composition the appearance of some potash feldspar 
is not unexpected. On the other hand, in the zone of Lakes Paarlahti
Peräjärvi-Kutemajärvi- Iso Teerijärvi, in which the intermediate 
schists are common, metasomatic changes of composition are weIl in 
evidence (p. 97) . In this zone an intense mechanical deformation of the 
rocks has afforded opportunities for such changes. 

In the lower-temperature fa eies chloritization of biotite is complete, 
unless the potash has increased secondarily, and epidote is abundant. 
Plagioclase is usually albite, but in some cases it may still contain 15-
25 per cent anorthite. 

Acid tuffitic schists. Acid schists rich in feldspar occur in many places 
in the southern and central part of the schist complex. What has been 
noted concerning the origin and character of the intermediate schists, 
is true of these rocks also. It is often almost impossible to decide whether 
an acid schist was primarily a volcanic product, or a sedimentary deposit. 
A elose connection with phyllites is frequently observed. (For the term 
»phyllite» in this paper see the description on p. 22). Nevertheless, even 
within the phyllite zone truly volcanogenous acid schists are encountered, 
and probably there are true acid tuffites in connection with the feldspar 
porphyry beds. On the map the term »leptite», in the sense of Swedish 
geologists (Geijer 1944, p. 734) , is used for all acid schists with the excep
tion of the porphyries. 

The leptites that are probably of volcanic origin have a more or less 
distinct porphyritic texture. Most leptites are comparatively fine-grained. 
The very fine-grained types are often banded, and their porphyritic 
texture is indistinct 01' it may be entirely lacking. They thus resemble 
the so-called »hälleflintas». More basic laminae are observed together 
with acid ones, and the banded texture has often resulted from such a 
variation. This type is met with in many places in Orivesi. 

The mineral composition is quite or nearly similar to that of acid 
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porphyries . A distinctly pyroclastic type from the E. part of Aitolahti 
will be described below. Megascopically, it is dark grey-coloured with 
darker and light er layers. 

The porphyritic texture is well-developed. Both feldspars occu1' as pheno
c1'ysts, the plagioclase b eing p1'edominant. The plagioclase is a lbite (An s_ 10)' as 
d ete1'mined from the refringence. Abundant f1'agmenta ry gra ins ar e observed. 
The p henocrysts som etimes form aecumulations, espeeially t hose of p lagioelase. 
Intergrowths of bot h feldspars with each other ar e rather Ulleommon. 

The ground-mass is very fine-g1'ained, in cont1'ast to tuffites in general. It 
eonsists of biotite, museovite, feldspar, and quartz. Potash feldsp ar dominates 
ove1' a lbi te, and oeeurs. moreover , as minute aggregates and lenses. Thus it seems 
t hat the potash might have been moving in the rock. The sam e feature is shown 
by the coneentration of la rger muscovite fla k es around the phenoerysts. Biotit e 
sometimes oeeurs more abundantly as elongated ovals. Probably this is to be 
regarded as a relie after vitrophyrie textllre (Rosenbusch 1910, Simon en and 
N euvonen 1947) . 

The leptites that are regarded as sedimentogenous will be discussed 
in the fo11owing cbapter. 

As r egards the mineral associations of the acid schists in different 
metamorphic facies , the differences between them are not as distinct 
as they are in the basic rocks. In the associations resulting from low
temperature metamorphism the plagioclase is always albite and chlorite 
occurs instead of biotite, though not always. 

No analyses of volcanogenous leptites are available. From micro
scopical study it may be deduced that there are no extremities in their 
composition as regards the alkali ratio. According to the studies on the 
leptites of Finland in general, soda-rich types may be more common 
than potash-rich. One must not forget , however, the possibility of meta
somatic changes in the rocks investigated. Potash has certainly been 
moving in the acid schists. No doubt the schists concerned have been 
primarily acid, and consequently the potash of the rock itself might 
have been set in motion. Potash seems to be a very mobile element , 
but it is just owing to its mobility we must always reckon with the possi
bility that its total amount also has increased secondarily in metamorphic 
rocks. For instance, the »hä11eflintas» in Orivesi are nearly similar to 
certain potash-metasomatic schists (p. 97). Accordingly, great caution 
is necessary concerning the primary composition of such rocks. To 
quote Read (1948 b, p. 177), »some movement of material is apart of alt 
metamorphic processes», a11 the systems are open in asense. 

AGGLOMERATES 

Distinct and undoubted agglomerates are rat her uncommon, and 
most of them are associated with the basic volcanics. Continuous layers 
form the base of the tuffitic beds here and there. In the immediate vicinity 
of lava rock beds, both basic and acid, apparent »bombs» of respective 
lava rocks are sometimes met with in tuffitic layers. 
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SEDIMENTOGENOUS ROCKS 

THE GRADATION FROM VOLCANICS INTO SEDIMENTS 

The schists that will be discussed below vary greatly in their miner
alogical and chemical composition. This variability depends upon 
several factors during the deposition. The degree of decomposition has 
been of great importance. Sederholm (1897) has in detail described the 
main types of sedimentogenous rocks of the TampeI'e area, and there
fore many details are omitted in the present paper. 

PHYLLITE AND MICA SOHlST 

For the greater part the sedimentary rocks are phyllites 1 and mica 
schists of common type, the typical fine-grained phyllite being predom
inant. 

The characteristic phyllite almost always shows a distinct lamination, 
a.nd often a varved structure. The varves are usually less than 15 cm. 
in thickness, their bottOlllS being comparatively fine-grained. Thus the 
similarity to glacial clays is striking, and the primary material is supposed 
to be a product of the most complete chemical weathering. 

The main minerals are dark biotite and quartz, in addition to whieh some 
museovite usually oceurs. Tho parallol texture indieated by tho miea fla kes is 
exeeedingly weli·de\'eloped. Only seldom is feldspar observed. 

Iron ore is always present and tourmaline is frequently met with. 

The bottoms of the varves are somewhat heterogeneous containing 
larger residual grains in abundance. These are quartz with a little plagio
clase and small rock fragments. The matrix between them consists of 
fine-grained quartz and mica. Such a composition is typically arenaceous 
and the texture clearly blastopsammitic. The sharp boundary between 
two varves, as weIl as a well-developed transversal cleavage, are seen 
in Fig. 7. 

A fine-grained phyllite N. of Lake Vaavujärvi in Teisko was analyzed 
(Table I, N :o 3). Analyses of the phyllites of the Tampere area have 
earlier been published by several authors, for instance, by Sederholm 
(1897, p. 88; 1913, p. 23) , and by Simonen and Neuvonen (1947 , p . 253). 
All these analyses indicate a more or less typical clayey composition. 

Along the southern boundary of the schist complex, and in places 
in the W. part of Aitolahti , coarse-grained varieties are predominant. 
In these the varved structure is often lacking, and even the bedding is 
indistinct in so me cases. Where varvity is seen, the varves may measure 
up to 2 m. in thickness. The original material of the bottoms has so me
times been rather gravelly, and the rock resembles greywacke. It contains 

1 This term is used in the meaning ,)fine-grained mica schist with well-preserved bedding 
or varvity», as is done especially in Finland and Sweden; also used for slate. 
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Fig.7. Varved phyllite showing distinct transversal eleavage. S. W. 
of Lake Paaliiärvi, Teisko. Nie. 11 , magn. 16 x . 

abundant quartz grains and rock fragments measuring up to 0.5 cm. in 
diameter. The varves may consist of coarse-grained material through
out without any phyllitic upper portion. 

The u su al mineral composition is biot ite, qua1'tz, and plagioelase, with musco
v ite in some cases. Qua1'tz p 1'ed ominate over plagioclase, b oth forming rounded 
0 1' irrcgula r residual gra ins. The m atrix a lso is plagioclase-bearing, and the composi
ti on of the plagioclase varies (about An 2 0_ 35)' Potash feldsp a r is 1'8.1'e . Small 
fragm ents of some fine·grained r ocks are found. 

Some apatite is a lway s present, as weil as opidote especia lly in the matrix. 

The biotite-rich varieties with sparse residual grains pass over into 
mica schist. On the other hand, in the case of quartz and feldspar dom
inating over mica, the terms »meta-arkose» or »arkose gneiss» may be 
used. Such rocks are encountered especially in the N. corner of the 
parish of Kangasala. 

The feldspar-bearing, mostly coarse-grained sedimentary schists are 
supposed to contain products of mechanical disintegration in addition 
to those of chemical weathering. Thus the large amount of feldspar 
can be understood. 

The typical accessories of sediments deposited in water are commonly 
observed in the schists described. Thus pigmental carbon often occurs 
in the phyllites. The carbon content, according to several earlier analyses, 
is usually a fraction of one per cent, and as a rule, it is concentrated either 
in the tops of varves or in definite layers. The occurrence of tourmaline 
has already been mentioned. It is occasionally found also in the coarse
grained type where the borders ofthe tourmaline grains have recrystallized 
into new individuals showing different colour and pleochroism. This 
tourmaline may be derived from detrital tourmaline grains of the original 
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sediment. Zircon again is a common accessory in sandstones, and is in 
fact often found also in blastopsammitic schists in the Tampere area. 
Iron sulphides are not met with in appreciable amounts. In fine-grained , 
usually amphibole-bearing »black schists» (some narrow belts in Orivesi), 
however, sulphidic ores may be present in considerable quantities. 

In strongly deformed zones the phyllite and mica schists have a 
mineral assemblage that is due to a lower-temperature metamorphism. 
Chlorite is in that case an essential constituent together with biotite and 
muscovite. If present the plagioclase is albite. 

The bottoms of the phyllite varves are as a rule directed to the south , 
but some exceptions, however, were observed, apparently owing to the 
folding of the beds. Some observations of such folding were made, mainly 
in Orivesi. Unfortunately, in the well-exposed cliffs of Lake Näsijärvi 
where the most accurate observations could be made, the primary struc
ture has often been disturbed by a secondary minor folding (p. 112). 

In the varved phyllite on the shore of Lake Näsijärvi, in Aitolahti , 
the weIl-known Corycium enigmaticum is seen. This peculiar figure was 
first discovered and studied in detail by Sederholm (1897 , 1913, etc.). 
Sederholm considered it a fossil alga, and he saw in it a clear evidence 
of Archaean formations having originated under conditions such as exist 
today. Recently, however, the oval-shaped 01' longish sacs of the Cory
cium have been interpreted otherwise by van Straaten (1949, p. 9) . 
According to him, the Corycia were caused by incompetent c1ayey layers 
sliding between sandy ones, causing an intense minor folding of the beds 
and thrusting wedge-shaped 01' whoIly isolated parts of phyllite into the 
coarse-grained bottom of the upper varve. In any case, the organic 
origin of the carbon of the Corycium cannot be denied and has been 
established in fuIl through the isotope determination carried out by 
Rankama (1948). In his recent paper (1950), Rankama completely agrees, 
too, with Sederholm as to the primary fossil nature of the Corycium. 

Lime-bearing concretions were observed mainly in the southernmost 
part of the complex. It is noteworthy that in most cases they are met 
with in coarse-grained and feldspar-bearing types of schist. Many of 
the concretions are comparatively big, up to 65 cm. in length, but less 
than 10 cm. in breadth, having been strongly elongated by tectonic 
movements. 

The main constituent is epidote, rat her pOOl' in pistacite, as appears from 
its birefringence. Quartz occurs as irregular patches and stripes. Small crystals 
of pale hornblende are met with occasionally, mainly in the marginal zone. 
Magnetite and sphene (as leucoxene) are accessory minerals. 

In thin sections the boundary b etween the concretion and the surrounding 
schist is not sharp. The amount of epidote decreases and that of hornblende in· 
creases gradually. Immediately outside the concretion proper a darker green horn
blende is abundant as comparatively big prisms without any regular arrangement. 
The rim rich in hornblende is about 1 cm. in breadth, a nd the surrounrling schi fit 
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eontains no hornblende. The most 
notioeable aeeessories of the rim are 
apatite and sphene. The apatite 
ooeurs, for instanee, as some small 
aeeumulations. 

The chemical composition of 
the concretions weIl corresponds 
to that of marI. The rim has 
obviously been developed as a re
action product by later meta
morphic differentiation. Fe, Mg, 
Ti, and probably Si have migrated 
towards the concretion, while Ca 
and P (presumably originating 
from the phosphorite included in 
the primary concretion) ha ve 

Fig. 8. Varved phyllite with porphyroblasts 
in the fine-grained part. S. E. of Lake Iso 

Lumajärvi , Aitolahti. 3/4 natural size. 

moved in the opposite direction. Mg seems to have migratecl farther than 
Fe, since the hornblende within the concretion is paler than that in the 
rim. This is conformable to certain observations of Jung (see Read 
1948 b, p. 183). 

In/luence 0/ intrusive magmas on clayey sedimentary Tacks. When
ever the composition has been rich enough in alumina, porphyroblasts 
rich in this constituent have recrystallized in the surroundings of the 
intrusions, often for a distance of more than 100 m. away from contacts. 
They have never been preserved unaltered, however, but instead accu
mulations mainly of muscovite occur at present. The primary porphyro
blast might have been andalusite, since similaI' pseudomorphs with 
andalusite relics have been observed in Ylöjärvi, N. W. of Tampere 
(Simonen and Neuvonen 1947, p. 254). The pseudomorphs are very 
abundant in the veined gneiss (original mica schist) S. E. of Lake Paali
järvi in N. Kangasala, and in the varved phyllite immediately S. of the 
central granodiorite massif in Aitolahti. The pseudomorphs occur defi
nitely in the fine-grained top portions of the varves (Fig. 8). 

There is no need to suppose an increase of potash for the alteration 
of Al-rich porphyroblasts into muscovite; the rock being originally rich 
in potash, a decrease in temperature after the crystallization of the 
porphyroblasts accounts for this change. However, separate, often large 
flakes of muscovite interspersed at random might have been formed 
through a metasomatic influence. In addition, an alteration of plagio
clase into muscovite and quartz can be observed, as described also by 
Hietanen (1943, p. 34) in the plagioclase-sillimanite schist in the Kalanti 
area. 

In the schist itself, almandite is not found as a contact mineral, but 
occurs, sometimes in abundance, in veins of aplite, pegmatite, and quartz 
cutting phyllite and mica schist. 
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SEDIMENTOGENOUS SCIIISTS RICII IN LIME 

This type of schist occurs especially in Orivesi immediately W. of 
Lake Pappilanselkä, but also at other places in Orivesi, Kangasala, and 
Teisko as separate narrow beds among phyllite and mica schist. The 
»black schist» (p. 24) belongs to them. This amphibole-sulphide-bearing 
schist is well-known in the Karelian formation (Frosterus and Wilkman 
1920, Wilkman 1921). 

The deposit W. of Lake Pappilanselkä is about 400 m. in thickness, 
varying greatly in composition. On either side there are basic volcanics, 
and in many places the deposit itself may contain volcanic materials 
besides arkosic and clayey sediment. Apart of the bed has a more or 
less distinctly conglomeratic character with pebbles mainly of several 
volcanic rocks. 

A very typical composition is as follows' 
Biotite occurs as long coherent strip es as well as minute flakes parallel to the 

schistosity. 
Quartz is seen as some elongated and granulated residual fragments, and is 

abundant in the matrix. 
Much plagioclase is observed in the matrix. Some larger wholly d eformed 

grains are found, which are supposed to be residuals of weathering. The plagio
clase is often largdy sericitized. Its composition is about An 20_ 23 (from comparing 
the r efringence to that of qual'tz and Canada B alsam). 

A further mineral of importance is weakly pleoclu:oic hornblende with y pale 
green, aalmost colourless. The arrangement of amphibole prisms is not as clear 
as that of biotite, many individuals having crystallized at random. 

Epidote pOOl' in pistacite, and chlorite occur as alteration products, sphene, 
apatite, iron ore, and zircon as accessory minerals. Some black pigment, probably 
graphite, is somewhat concentrated into certain horizons . 

The main occurrence of this rock being situated near the southern 
granite massif has often been cut by granite or pegmatite veins. 
Secondary quartz and microcline are then abundant, the plagioclase 
is albite, and the amphibole is even paler-coloured, probably nearly 
tremolitic. Chlorite and epidote have crystallized especially along the 
boundaries of veins. 

Another common kind of schist, occurring as a cement of the conglom
erate in the same area, consists of plagioclase (ab out An25), pale green 
amphibole, and quartz as the main components. For the amphibole, 
the values 2Va = 70° and y 1\ c = 15° ± 2° were found on the U-stage. 
Refractive indices determined by the immersion method are y' = 1.657 

and a' = 1.639 indicating a fairly high content of magnesia. In addi
tion, the rock contains considerable amounts of sphene, and secondary 
calcite is met with, but biotite only occasionally. The heterogeneouB 
distribution of minerals and the lack of parallel arrangement are character
istic. More fine-grained layers rich in quartz and poor in amphibole 
sometimes occur. 
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In a certain variety the amount of lime varies very definitely. The 
lime-extreme layers consist of epidote, amphibole like that described 
above, and quartz. The calcic minerals dominate over quartz very 
greatly. Epidote often forms euhedral crystals. On either side of such 
a layer pale biotite appears, and epidote decreases gradually while quartz 
increases. Epidote does not disappear entirely, but where it has decreased 
to a certain extent, magnetite occurs in noticeable quantities. Amphi
bole is lacking. On the weathered surface the Ca-rich layers rise above 
their surroundings as ridges 1-3 cm. in breadth. 

In the N. W. part of Kangasala a furt her lime-rich schist is found 
in connection with coarse-grained »meta-arkose» and mica schist. The 
high anorthite content of its plagioclase (up to 84 per cent) is especially 
to be noted. 

The rock is composed of quartz, pale·coloured amphibole, plagioclase, garnet, 
snd epidote as main constituents. 

Amphibole sometimes occurs more abundantly in certain layers. The crystals 
tend towards a parallel arrangement. 

Epidote (clinozoisite) is mainly present in certain zones p ar allel to the bedding, 
01' as some indefinite areas. In these, plagioclase is lacking and quartz decreases 
greatly. 

The abtmdant plagioclase is somewhat unevenly distributed occurring as small 
indefinite p atches of tiny irregular grains (see Fig. 9) . For the composition see 
below. 

Garnet is seen as minute rounded grains 01' as groups of gra ins. A few bigger 
crystals show the form of rhomb dodecahedron. 

Calcite and sphene are observed in apprccia blc amounts. 
Certain somewhat coarser-

grained parts occur as definite lay
ers, 1-3 cm. in thickness and often 
forming boudinages. They contain 
more quartz, and are devoid of 
garnet, epidote, and calcite. A 
microphotograph of such a layer 
is seen in Fig. 9. 

For determining the plagio
Glase, the only applicable methods 
were the determinations of the 
refracti ve index and the specific 
gravity, owing to the fine grain 
and to the twinning being observ
ed only incidentally. A little of 
fairly pure plagioclase could be 
separated from the coarser-grained 
layer, and the determinations 
gave the results as folIows: Nm = 

Fig. 9. Caleareous sehist tayer with horn
blende, bytownite, and quartz. Grey = bytow
nite. E. of Lake Peurnajärvi, N. W. Kangas-

ala. Nie. il, magn. 16 x . 
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Fig. 10. Schist with chlorite, ga met, anel bytownite. The grey 
fine-grained nuss is bytownite. S. W. of Lake Rukojärvi , Kan

gasala. Nie. [, magn. 35 x . 

1.572-3 (by the immersion method); the specific grayity = 2.737 ± 
(by means of the Clerici solution). The corresponding composition is 

An 82- 84' 

In another related type, the only abundant calcic mineral proper is 
the plagioclase rich in anorthite. A microphotograph of this rock is 
presented in Fig. 10. 

Two kinds of layers are seen that differ from each other in both the grain s ize 
flnd the mineral eomposition. 

The main minerals of the eoarser-graincd layers are plagioclase , quartz, chlorite, 
<Lnd garnet. The mode of occurrence of plagioclasc is similar to that described above. 
~m = 1.568-9, corresponding to the composition An 12_ 73 . was determined. The 
chlorite flak es measure 0.1- 0. 5 mm. in length. The garnet grains are often weil
shaped, but they contain numerous inclusions of plagioclase . quartz, and ol'e. 
The ore content of the rock is noticeable, oxides as weIl as sulphides heing present. 
Biotite occurs in small amounts. 

The mineral composition of the finc-grained layers is rather similar to that 
of the common mica schist. In addition to quartz and biotite it also contains 
chlorite, and considerable amounts of magnetite. This latter constituent 6eems to 
characterize many schists of this kind, and is associated with more abundant 
biotite mainly in thin definite layers. 

The occurrence of chlorite in such an assemblage is of special interest. 
The chlorite was analyzed (Table II) and studied in detail optically. 
The properties are as follows: non-elastic flakes , distinct basal cleavage 
but not as perfect as in mica; optically positive (2Vy = 51-52°), elonga
tion negative; pleochroic with a::::::: ß pale greyish 01' bluish green 01' green 
> y almost colourless; the extinction angle y /\ c is about 10° and twinn
ing lamellae can be seen; the refractive index a' = 1.624 + 0.002 , the 
birefringence weak. The specific gravity is = 2.96 8 ± 0.005 , as deter
mined by means of the Clerici solution. According to Winchell (1933), 
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the mineral is a ferriferous corundophilite (ripidolite or prochlorite1) , 
although the optic angle looks too large. The chemical composition is 
in elose harmony with many analyses of prochlorite given in Dana's 
old )System of Mineralogy) (1899, p. 654). An aphrosiderite (op. cit ., 
p . 660, anal. 10) is almost identical. According to Dana this chlorite, 
howeyer, is uniaxial , and according to Winchell the aphrosiderite is opti-
cally negative. -:,' 

Table II . 

Siü 2 .......... . ......••.. • . . . 

Tiü 2 •..... ...• • . . . • ...•... . . • 

Al 2ü a ..... .. ..•... •.. •. .••... 

~:bü~. : : : : : : : : : : : : : : : : : : : : : : :: I 

Mnü ....... . ... . ............ . 
Mgü .. . . .. . .. . .. ... . . . . . .. . 
Caü ...... .. . . . . . ...... . 

~~{?:::: :::::::::::: ::::: :: : 
H 2ü + . ...... . ........ . . . . . . . 
H 2ü- . . .. . ... .. ....... . .. .. . 

% Mol. prop. 

27.95 4654 
0.68 85 

22.58 2215 
2.87 160 

19.34 2692 
0.25 35 

14.17 3514 
1.50 267 
0.45 73 
0.1 5 16 

11.02 6115 
0.15 

101.11 

Chlorite from chlorite-garnet-bytownite schist. S. W. of Lake Rukojärvi, Kangasala. Ana
lyst M. Mäntynen. 

Unfortunately, the garnet could not be analyzed, because material 
sufficiently pure for that purpose could not be separated owing to the 
inelusions. The refractive index of the garnet is ND = 1. 809 ± 0.00 3, 

determined by the immersion method. Its specific gravity was also deter
mined by means of the Clerici solution, but the result is not quite reliable, 
owing to the inelusions again. The yalues varied between 3 .89 and 3 .99. 

As quartz and felds par inclusions are commoner than those of ore, the 
correct value may be nearer the latter figure, probably a little more than 
that. Such properties may indicate the garnet as almandite-pyrope with 
a noticeable content of grossularite and some andradite (Winchell 1933). 

These rocks show a similarity to the garnetiferous layers and the 
sandy beds in kinzigite described by Hietanen (1943, pp. 18- 24) . Both 
are characterized by anorthite-rich plagioelase and garnet. The garnet 
of the intercalations in kinzigite was found to contain grossularite and 
spessartite in appreciable quantities. 

A particular type of hornblende schist occurs in a horizon situated 
farther nOI,th. The most extensive occurrence is seen at the boundary 
of the main zones of phyllite and volcanogenous rocks. This belt is almost 
uninterrupted, about 17 km. in length (from Lake Pulasjärvi in W. to 
Lake Pappilanselkä in E.) and 20-50 m. in breadth. The t ype is also 
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Fig. 11. Hornblende sehist. N. E. of Lake Vaavujärvi, Orivesi. 
Nie. 11 , magn. 16 x . 

met with here and there elsewhere, usually accompanying the phyllite 
among the volcanics. Its sedimentary character is often as apparent 
as that of the other hornblende schists. It sometimes shows a bedded 
structure with thin converging and diverging layers rich in hornblende, 
and even varvity may be observed. As compared with the southern type, 
a distinctive feature is the species of hornblende. 

Microphotographs of these schists are presented in Figs. 11 and 12 . 
The mineral assemblage does not deviate notieeably from that of the southOrJl 

hornblende sehist at Lake Pappilanselkä. The main eonstituents are hornblende. 
quartz, plagioclase (An 20_ 30)' biotite, and epidote. Plagioelase and sometimeR 
quartz oeeur as bigger, rounded residual grain. ",Vhen feldspar predominate" 
over quartz, the biotite disappears. Magnetite is always present, somctimes <I" 

idiomorphle erystals. 

A specimen from the bedded variety was analyzed (Table I, N:o 4). 
and the result was unexpected. The Niggli numbers show a great similarity 
to those of certain syenito-dioritic magma types ( iggli 1923, p. 125 
and 147), as shown in Table IU. Could that mean a sediment originating 
from an eruptive rock decomposed, but without transportation of thf:' 
products away from the scene (cf. p. 34)1 Or might such a composition 
have resulted from the intermingling of various materials in a suitable 
ratio 1 

The hornblende is unevenly distributed, as separate prisms intel'
spersed at random, as accumulations often with radial arrangement of 
the crystals, etc. The mineral is always rather dark-coloured with y 
deep bluish green > ß grass green > a pale greenish yellow, but the 
other properties may vary somewhat. An example was optically studied 
in more detail, and chemically analyzed (unfortunately not from the rock 
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Table III. Comparison of Niggli numbers. 

si .......... . . . ....... . .... . . . 
al .. . ....... .... ............. . 
fm . ....... ..... ... . .. .. . . . .. . 
e .. . ........................ . 
alk ....... .. . .. . . .. ... . . . .... . 
k .... .......... ...... ..... . .. 
mg .. . ....... . .. ........... . . . 
e/fm ....... .. ............... . 

1 

157 
24.7 
44.9 
17.6 
12.8 

0.33 
0.64 
0.39 

2 

150 
25.5 
43.5 
17.0 
14.0 

0.31 
0.55 
0.44 

1. The Niggli nmnbers of the rock in Table I, N:o 4. 
2. Average values of the Niggli numbers of soda-Iamprosyenitie and nonnal-dioritie magma 

types, aeeording to Niggli (1923). 

analyzed, due to lack of material). The extinction angle y 1\ c is 18°, 
but it may be mentioned that in the rock analyzed it can reach up to 
28° (determined without the U-stage). The refractive indices are a = 

1.664, ß = 1.6 81, and y = 1.6 85; 2Va = 66-67°. The specific gravity 
is about 3.25. The chemical composition is seen in Table IV, including 
the atomic proportions calculated according to the principles applied, 
.e. g., by Winchell (1945) and Sundius (1946). The high content of alumina 
as weIl as the ratio [FeO] : [MgO] are as may be expected in an amphi-

Fig. 12. Hornblende sehist. 1 . W. shore of Lake Pappi
lanselkä, Orivesi. Nie. ,magn. 5 x . 
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Table IV. 

Hornblende from hornblende schist. N. end of Lake Kutemajärvi, Orivesi. Analyst Gisela 
Stjernvall. 

bole of a sedimentogenous rock. The percentage of alumina is extremely 
high, however. According to the proposal of Winchell (op. cit.; cf. also 
Sundius, op. cit., p. 21) such an amphibole is termed tschermakite (ferro
tschermakite). The properties do not deviate essentially from those pre
sented by Winchell (op. cit., p. 36 and 37) and Sundius (op. cit., p. 26 
and 29). The bluish colour may be due to the high content of ferric iron 
(cf. Kunitz 1930, p. 201). According to Winchell, the sodium content 
influences the extinction angle , so that especially in members richer in 
magnesia the angle increases remarkably with increasing sodium. This 
may be of certain significance as regards the hornblende of the rock 
analyzed. It is noteworthy that in the metamorphie trachyandesite 
(p. 15) there is a bluish green hornblende with a large extinction angle. 

The preceding treatment shows that the composition of many sedi
mentogenous schists may deviate noticeably from that of the products 
of complete chemical weathering. The lime-bearing schists considered 
above may represent re-sorted material which has been more OY less de
composed. The bulk composition may occasionally be almost like that 
of certain volcanic rocks, yet a determinative difference is apparent in 
the texture. That of volcanics is porphyritic (or blastoporphyritic), and 
the phenocrysts are more or less idiomorphic. The materials decomposed 
by weathering have recrystallized and texture relics are lacking. For 
example, most of the primary feldspar has been wholly destroyed. Abun
dant epidote and iron oxide are present in most cases, these having 
probably been formed from the disintegrated material. 
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Fig. 13. Sketch of brccciu. 1. 3 km. E. of Lake Syväjärvi, Teisko. 1. Plagioclase-por
phyritic rock. 2. Fine-grained schistose crack infilling. 3. Stratified schist. 4. Horn

blende crystals. 5. Accumulations and tiny veins of quartz. 

THE RELATIO~S OF VOLCANIC AND SEDDIENTARY MATERIALS TO EACH OTHER 

In E. Teisko, about 1. 5 km. S. of the E. part of Lake Paarlahti, a 
peculiar breccia formation is seen here and there along a horizon that 
can be followed for about 3 km. The breccia does not seem to have been 
caused by tectonic factors. Its appearance is sketched in Fig. 13. 

The south-side rock is a plagioclase-porphyritic volcanic. A fine
grained schistose material fills cracks in it and immediatelyon its north 
ide a stratified schißt forms a continuous bed. The fine-grained layers 

of this schist, and the crack infillings in the breccia con ist mainly of 
quartz, chlorite and a little biotite, and varying amounts of epidote. The 
coarser-grained parts contain, in addition, highly altered grains of plagio
clase, residual quartz grains, and tiny rock fragments. In places, the 
lowest part (several metres) of the stratified bed is interspersed with 
hornblende crystals. üre, either magnetite 01' sulphide, is present in all 
the types. 

Some details of the contacts in the breccia are illustrated by Figs. 
14 and 15. The microphotograph in Fig. 14 shows a small fragment 
severed from a larger block and embedded in the fine-grained cement. 
The fragment is surrounded by an indistinct rim of iron oxide. The sketch 
in Fig. 15 reveals the close relation between the stratified schist and the 
crack infilling in the adjacent porphyritic rock. 
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Fig. 14. A smaJl fragment of the porphyritic rock 
in Fig. 13, embedded in the fine-grained crack infill

ing. Nie. 11 , magn. 35 x . 

The most plausible inter
pretation of this formation is 
that of an original weathering 
breccia in 8it~b. The lime 
leached out by the decom
position of the underlying 
volcanic has been deposited 
in part among other products 
of weathering. Calcic min
erals, such as epidote and 
hornblende, have crystallized 
from the lime-rich material 
present. The heterogeneity 
of the existing rocks might 
be due to that of the original 
material. However, the une
yen distribution of constit
uents under surface condi
tions does not account for 
all the heterogeneity in the 
text ure. In the whole zone 

secondary circulation of materials seems to have taken place. Accu
mulations and small fragmentary veins of quartz are common, especially 
in the big fragments of porphyritic rock in the breccia. Larger epidote 
crystals and some chlorite and sulphide are often associated with the 
secondary quartz. An uneven distribution of epidote is conspicuous. 
Yet there is no need to suppose a transportation from the outside. 

Sederholm has described (1931, p. 33 and 61) formations which he 
regarded as original weathering breccias from the Lavia-Suodenniemi 
area. Calcic minerals, such as diopside, hornblende, lime-bearing garnet, 
calcite, and sphene, were 0 bserved as essential constituents in the cement 

/ 
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Fig. 15. A detail of tbe contact be
tween the porphyritic rock and tbe 
stratified schist. The key ia similar 

to that in Fig. 13. 

of the breccia, and in the adjacent sedi
mentary schist to some degree; iron oxide 
is present. The petrological analogy to 
the breccia and the associated schist de
scribed by the present writer is obvious. 
It is evident, however, that in Teisko 
there is no unconformity in question, but 
such a horizon only represents a >}hiatus >} 
in the genesis of the complex. 

Farther N . of the breccia horizon COll

cerned, a reddish >}leptite>} (rat her a grey
wacke) appears as intercalated in the 
stratified schist, and especially on its N. 
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side where it fonns a thick bed 
immediately E. of Lake Syvä
järvi . It contains altered pla
gioclase grains (An s_lo) and 
microscopic rock pebbles in 
abundance, whereas residual 
quartz grains are rather rare. 
Some of the pebbles seem to 
come from a plagioclase-por
phyritic rock . The cement con
sist s mainly of quartz , feldspar , 
and unevenly distributed epi
dote of which the last-mention
ed mineral often fills the inter
spaces between the pebbles and 
feldspar grains almost entirely. 
The other constituents are 
magnetite, chlorite, and musco
vite. Northwards this rock 
gradually passes into phyllite 
in which so me intercalations 
of volcanogenous material are 
observed. Immediately N. of 
the phyllite is an uninter-

- -~~ft'O ..... __ ::: - _ 

=df;a~~ ~ ------. -::::. 

Fig. 16. ketch of breccia. N. E. of Lake Vaavu
järvi, Orivesi. The epidote-rich cement rises 
a bove the brecciated plagioclase-porphyritic rock 

on the weathered surface. 

rupted zone of conglomerate which extends through the whole area. 
Several kilometres eastward hornblende schist (with bluish hornblende), 
associated with phyllite, occurs along the S. border of conglomerate 
over a long distance, so the calcareous sediments are represented 
also there. This whole extensive zone of various sediments obviously 
means a phase of remarkable erosion. 

Similar but by far more local occurrences of breccia and a sociated 
sedimentary schist are 0 bserved also in some other horizons. An excellent 
but sporadic breccia was encountered N. E. of Lake Vaavujärvi (Fig. 16). 
In this case, the cement consists of epidote with a little quartz, oligo
clase, and biotite, thus resembling the concretions in the mica schist 
as to its composition. 

Furthermore, aschist bed W. of Lake Hankajärvi in Teisko shows 
so me analogy to the formations described. The basement rock is a very 
basic uralite porphyrite. A reddish, heterogeneous·, epidote-rich rock N _ 
of it may represent a breccia, but it is questionable whether it is a weather
ing breccia. Immediately N. of the breccia is an »intermediate» schist 
with plagioclase (An 37 ), epidote, and green hornblende as the main com
ponents. Plagioclase often occurs as bigger, irregular , epidotized, pig
ment-filled grains, and epidote forms big, well-developed crystals. Horn-
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Fig. 17. Hornblende-pla!?:ioelase-epidote sehist. W. of Lake 
Hankajärvi. Teisko. Nie. 11, magn. 16 x . 

blende is quite unaltered. f:lome quartz i. observed and unevenly distrib
uted microcline is present in considerable amounts. Its mode of occur
rence somehow suggests a non-primary origin. A microphotograph of 
the rock is seen in Fig. 17. The existence of abundant idiomorphic epidote 
in obvious equilibrium with andesine is especially noticeable. - A little 
towards the N. in the same bed the lime content is even higher , as in
dicated by the larger amount of hornblende. The N. part of the bed 
consists, however, of mi ca gneiss or mi ca schist in which bedding and 
even a varved structure can be seen and the sedimentary origin of which 
seems to be undeniable. 

The materials of the hornblende-epidote-rich schist 'V. of Lake Pap
pilanselkä might haye originated from those basic volcanics parts of 
which are seen close to the boundary of the southern granite. The main 
zone of the hornblende schist with bluish hornblende seems to have en
tirely consisted of decomposed volcanogenous material. In general, it 
represents a transition northwards from phyllite and associated sedi
mentary rocks into intermediate or basic volcanics. If the stratigraphic 
sequence is as supposed, the weathering products of the volcanics can
not be situated on their S. side, so the zone concerned does not yet repre
sent the beginning of the volcanic complex in situ. 

In other cases, series of weathering differentiation have evolved which 
lack the facies rich in lime. For instance, such a gradation of trachyan
desitic plagioclase porphyrite (p. 13 and Table I, N:o 1) is visible at the 
E. end of Lake Vaavujärvi. This rock passes quite gradually into a sedi
mentary schist showing a good foliation and chiefly consisting of biotite, 
plagioclase (ab out An15_ 20)' quartz, and chlorite. Among the accessories, 
tourmaline is especially worthy of note. This schist is again followed 
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by a fine-grained >>leptitic phyl
lite» with a sharp contact. As 
compared with the former, quartz 
has increased while plagioclase 
has decreased,' and some musco
vite is present. The following 
phase is a normal phyllite, but it 
is not visible on the same outcrop. 
The chemical composition of these 
,'chists is given in Table I, N:os 5 
and 6. As shown, al and kare 
continuously increasing in the 
gradation series, while c is de
creasing. A considerable excess of 
alumina appears. The numbers 
were plotted on a diagram (Fig. 

o~ "o 

0 .36 

0.30 

0 .26 

L----L~-4-____ -+-___ ___' 0. 20 
260 

a/-(c+a/k) c k 
Fig. 18. Diagram showing the gradation of 
trachyandesitic plagioclase porphyrite at the 

E. end of Lake VaaYlljärvi, Orivesi. 

18) from which the gradual development towards clayey sediment 
is visible. 

The volcanogenous beds in the S. part of the schi t belt are hardly 
those in 8it~t except a few cases, yet decomposition there seems to have 
been mainly mechanical. In such instances the designation of tuffites 
is used on the map. Many of them are apparently of basic origin, as 
indicated by comparatively anorthite-rich plagioclase (andesine). Plagio
clase and biotite are the main constituents, the formel' occurring both 
as abundant larger fragments and in the matrix. So me quartz is observed, 
but not as residual grains. The texture is outwardly like the porphyritic 
one, and these rocks greatly resemble many true volcanics. A further 
decomposition has led to ediments that cannot be linked to any main 
types. They often simulate some intermediate tuffites, for example. 
The plagioclase may be more albitic than that of the above-treated rock, 
some increase of quartz is observed, and idiomorphic magnetite crystals 
are not uncommon. This rock often occurs between a basic volcanic and 
a true sedimentary schist as an apparently transitional form, thereby 
telling its story. In addition, similar material i very common as the 
cement of many conglomerates. The fine-grained varieties wruch the 
present author has called »half-sediments» may have originated from 
intermixed materials of variable origin. The fine-grained matrix between 
bigger grains usually contains epidote to a considerable extent as smail 
aggregates, although the plagioclase is always oligoclase (An 20-30)' For 
instance, the basal parts of the phyllite yarves often con ist of such a 
material. 

Similar changes are also seen in connection with acid volcanic beds. 
At the S. end of Lake Pulasjärvi there is aseries from feldspar porphyry 
to mica schist in which muscovite aggregates soon appeal' indicating 
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pseudomorphs probably after andalusite. In the half-decomposed transi
tiOllal form the residual feldspar fragments are both plagioclase and 
potash feldspar, and the fine-grained matrix is rich in quartz. A typical 
leptite has thus been developed. Many other leptites are as weIl to be 
regarded as sedimentary, especially in the S. part of the complex, because 
of their occurrence among the phyllite and their alternation with it. 
Some of them have been derived from acid volcanics, some others are 
associated with the many different decomposition products of more 
basic rocks, as are the fine-grained, banded »hälleflintas» within the 
largest occurrence of leptite (Aitolahti-Pulasjärvi-Vaavujärvi). Their 
banded structure is caused by variation in the mica content and to so me 
extent also in the grain size. The main constituents are quartz and feld-
par, but the very fine-grained laminae contain much muscovite, and 

some biotite and epidote. Residual zircon grains are observed. - In 
the case of several leptites occurring as the cement of conglomerates 
evidence of their sedimentary origin is apparent. 

Where leptitic decomposition products have been intermingled with 
pure clayey matter, sediments have been produced which more and more 
approach phyllite in their present consistence. They are very fine-grained, 
pale pink or greyish schists with laminated structure. The rock differs 
from the hälleflinta described above by containing more mi ca (musco
vite) and less feldspar. A great part of the leptite belt from Lake Paar
lahti to the N. end of Lake Kutemajärvi belongs to this type. In certain 
cases such a rock type is situated along the southern borders of phyllite 
beds, and thus apparently implies the end stage in the gradation from 
substratum to overlying pure sediment. 

In some extensive beds such gradual changes along a certain stratum 
are also seen that have been described above as observed transverse 
to the bedding. Variations between phyllite and leptite along the same 
horizon are especially common. 

Accordingly, the close alternation of different schist types is charac
teristic of a great part of the complex. Besides the »pure» , easily deter
minable kinds, the »mixed» ones have a great extent. In plotting such 
a multiplicity on the map even the most accurate field work is not enough, 
~nd many difficulties are at hand even in microscopical study. The 
origin of certain pre-Cambrian sediments formed through partial weather
ing of pre-existing rocks was not unknown to earlier authors among 
whom Sederholm (1897, 1913, 1931, etc.) is especially worthy of note. 
In addition, Mäkinen (1916), Sundius (1923), and other Fennoscandian 
geologists have described similar phenomena. In many particulars the 
present writer can only confirm the results attained by them. As regards 
the Grythytte area (Sundius, op. cit.), the great extent of acid schists 
is striking, and according to Sundius, they are of distinct volcanic origin, 

l 
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except some subordinate occurrences of banded hälleflintas. The leptites 
and hälleflintas of the Tampere area are regarded by the present writer 
as sedimentary rocks for the most part. The schists in the Grythytte 
area seem to be very well-preserved showing distinct relict textures, 
and on these Sundius has classified his rock types. The huge occurrence 
of exclusively acid volcanics is somewhat surprising, however. 

OONGLOMERATES 

Conglomerate occurs mainly as one uninterrupted bed which extends 
through the whole area mapped. N. of Lake Pulasjärvi in Teisko the 
bed measures about 900 m. in thickness, including some subordinate 
intercalations which do not contain pebbles. A little N. of this tract 
are further more separate layers. Farther E. all the layers converge 
and are constricted, after which the bed, some tens of metres in thick
ness, continues eastwards. It may be mentioned that an apparent con
tinuation of this conglomerate is seen between the central granodiorite 
massif and Lake Näsijärvi. Even W. of Näsijärvi, at Lake Veittijärvi 
in the parish of Ylöjärvi there is an occurrence of conglomerate (Seder
holm 1897, 1913) which probably belongs to the same horizon. Less 
significant occurrences are exposed in places near Lake Pulasjärvi and 
at the N. W. boundary of the parish of Kangasala, and even larger depos
its of somewhat conglomeratic character in connection with other sedi
mentary schists (p. 26). 

Sederholm wa very interested in the conglomerates of the Tampere 
area, first discovered by hirnself. Reference to his detailed description 
(l 97) spares the author from extensive treatment in this connection. 
Besides the varved phyllite, the existence of true conglomerate was his 
main argument in proving the theory of uniformitarianism as applied 
to the interpretation of early Archaean rocks. 

Among the pebbles of the conglomerate various voleanogenous and 
hypabyssal rocks are the eommonest. They are usually weIl rounded, 
but have been strongly elongated by orogenie movements. The bigger 
pebbles which ean measure as much as 0.5 m. in diameter, usually eonsist 
of various lava rocks. On both sides of Lake Syväjärvi in Teisko and 
N. E. of it there are big pebbles of plagioelase porphyrite, which are often 
c}osely packed in the subordinate cement. Acid feldspar porphyry pebbles 
are encountered N. E. of Lake Sy'-äjärvi and at the N. W. end of Lake 
Plliasjärvi. The N. part of the eonglomerate layer near Lake Kutema
järvi often contains pebbles of a feldspar porphyry which borders it on 
the N. Their number and size increase to the N., and at last they are 
very closely paeked, surrounded by a thin basie cement. This formation 
elose to the porphyry bed might be regarded as a block lava, indeed, and 
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Fig. 19. Aplitie granite in a pebble of eonglomerate. 
N. E. of Lake Sisällyspohja, Teisko. Nie. +, magn. 32 x . 

the : pebbles S. of it 
probably represent lava 
bombs. Hence the occur
ren ce would be rat her 
agglomeratic in charac
tel'. 

Tuffitic pebbles are 
very eommon, and in 
many places fine-grained 
Ieptitie and phyllitic 
rocks are seen as pebblei-l 
in considera ble amount:;. 
Quartzite pebbles are 
uncommon in general. 
but were found in a 
few Iocalitie, S. of Lake 
Paarlahti and in the 
beds of N. W. Kangasala,. 

Fragments of plutonic rocks are as uncommon as those of quartzite. Man," 
of them that were interpreted as syenite 01' quartz diorite by Sederholm 
(op. cit.), may have been derived from hypabyssal intrusives, 01' even 
h'om coarse-grained effusive beds. Howe\'er, pebbles of true plutonie 
rocks can be found here and there over the whole zone of conglomerate. 
In a few cases they were studied microscopieally. Some of them appear 
to be aplitic granite rieh in microcline (Fig. 19). 

'.rhe pebble consists mainly of 
microcline, quartz, and plagioclase. 
Biotite is present to a slight extent. 
Microcline is distinetly idiomorphic 
in relation to quartz, with a weil· 
developed perthitie texture. 

Certain big pebbles of un
known origin wel'e met with 
beyond the limit of the al'ea 
mapped, at a place Iying neal' 
the highway a littie N. W. 
of the central gl'anodiorite 
massif. The rock is coarse
gl'ained and rich in plagioclase. 
A microphotograph is present
ed in Fig. 20. 

The prevailing mineral is pla. 
gioclase (about An 20 , determined 
by comparing the refringence with 
that of Canada Balsam). It forms 

Fig. 20. Coarse-grained rock rieh in plagioclase 
in a pebble of eonglomerate. S. W. cf Lake 

Matehinen, Teisko. Nie. ,magn. 16 x. 
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idiomorpllic crystals some of which ca n b e 9- 10 mm. in diamet er. \Vithin m anv 
grains others with different orientation ure observcd. Zona l t exture is a lso co~. 
mon. The minera l has b een s trongly epidotized. 

The other constituents are biotite , epidote, quartz , apa tite, and calcite, but 
t heir amount is not very notable exc ept certain patches of biotite and epidote. 
Quartz occurs as intergrowths with plagioclase in thc m a nuer of micropegm atite, 
but such a t exture might hav e r esultecl from some replacem ent processes. 

Pale green hornblende, ore, a nd sphene are present in yery sm all a mounts. 

In the absence of more detailed examinations the character of the 
rock cannot be ascertained. As may be deduced from the strong epidotiza
tion of the plagioclase, the anorthite content has primarily been essen
tially higher. Probably we are dealing with an anorthosite, but to the 
author 's knowledge anorthosite has never been described from the Sveco
felmidic territory of Southwestern Finland. 

Furthermore, the conglomerate sometimes contains rather big frag
ments of quartz and feldspar the original rock of which might have been 
a pegmatite. 

The cement yaries very greatly in character. All kinds from uralite
porphyritic volcanogenous matter to phyllite are represented. Between 
Lakes Kutemajärvi and Pappilanselkä in Orivesi the cement of the main 
occurrence is often distinctly acid, and on both si des of the bed a leptitic 
schist , not very fine-grained , has a considerable extent . In many cases 
it resembles greywackes containing microscopic rock fragments in 
abundance. The variou types are present also as intercalations which 
do not contain pebbles . Some conglomerates show layering in which 
the pebbles have been sorted according to size, and even a varved struc
ture has sometimes been developed. The bottom of the varve is usually 
to the south as it is also in the phyllite. N. of Lake Syväjäni in Teisko 
there are in places abundant patches of pyrite in a fine-grained cement. 

The association of the conglomerate with other sedimentary schists 
has been preYiously described (p. 35). The occurrence of conglomerate 
in a purely volcanic milieu without gradual development is very Ull 

common. The general character is sometimes comparatively basic indi
cating the slight degree of decomposition of the original materials. It 
is then difficult to decide, whether there is a conglomerate or an agglom
erate in question. 

Sederholm already suggested in the last century that these deposits 
were real conglomerates . The significance of the main conglomerate zone 
as evidence of a remarkable intraformational erosion period was pointed 
out in the preceding chapter. The fragments of quartzite, granite, vein 
quartz, etc., even though not common, prove that a far-reaching denuda
tion had taken place before the deposition of the conglomerates. As a 
further evidence so me pebbles may be mentioned which are cut by a 
quartz vein which does not continue beyond the limit of the pebble. 
It seems, however, that the conglomerates have originated mainly from 

6 117 2/51 
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Fig. 21. Quartzite eonglomerate. S. of Lake Ruko
järvi, Kangasala. Nie. 11 , magn. 16 x . 

infrac rustal rock , probably gran odi orite. The 
usu ally m easuring 1- 1. 5 cm. in diam et er. 

the products of the con
temporaneous volcanic ac
tivity. The term »volcanic 
conglomerate)} thus can be 
used in characterizing them. 

As the only but remarka
ble exception to the common 
type, a q1tartzite conglomerate 
occurs S. of Lake Rukojärvi 
in Kangasala (Fig. 21). 

More t han a h alf of the 
p ebbles eonsist of quartzite, in 
some p arts of t he b ed a lmost 
exelusively. The other p ebbles 
are phyllite, fine-grained v olca
n ogcn ou s r ocks and lep t ite, and 
fragments of feldspar. In a few 
eases p ebbles were observed that 
have the appearance of an 

pebbles a re comparatively sm all, 

The cem ent consists of fine-grained, h ornblende-bearing mica gn eiss or mica 
schist_ Ore, both oxidic and sulphidic, is present in appreciable amounts. 

The bed is 55- 80 m. in thickness, and it can be followed for about 
1. 5 km. On the S. E. side it is bordered by phyllite with a sharp contact. 
Northwestwards it passes gradually into an arenaceous schist , and then 
into mica gneiss and phyllite. A more fine-grained, arenaceous variety 
is also observed as intercalations. 

There is no unconformity in the strictest sense to be observed in con
nection with the conglomerate described. The Svecofennian formation 
to which the Tampere schists are referred, is the earliest one known to 
uso The existence of quartzite pebbles in a conglomerate proves, how
ever, that a still earlier metamorphie rock crust must have existed. It 
is credible that the wh oIe schist complex concerned has resulted from 
an intraformational deposition during the orogeny in question. Also 
Wahl (1936, p. 500) has expressed the same opinion. 

SUMMARY AND DISCUSSION OF THE METAMORPHISM OF THE SCHISTS 

The variability in the grade of metamorphism has often been stated 
in the preceding treatment. It is related mainly to the tectonic evolution 
of the area_ The primary regional metamorphism has apparently taken 
place under conditions of the amphibolite facies, as in most other parts 
of the Svecofennidic territory_ During the later stage of movements, 
however, zones have been formed in which the rock has been strongly 
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deformed 01' even mylonitized. In such cases the present mineral asso
ciations are due to recrystallization at lower temperatures. These zones 
are usually parallel to the general strike of the formation. The most 
remarkable of them extends through the whole belt, and Lakes Paar
lahti, Peräjärvi, Kutemajärvi (the northern end), and Iso Teerijärvi 
are situated in it. The east-west trend of Lakes Hankajärvi, Pukalanselkä, 
and Aihtianjärvi indicates another crush zone. More 01' less clear traces 
of such a deformation are observed in numerous places. 

Similar variations of the mineral fa eies in the we tern part of the 
Tampere area have been described by Simonen and Neuvonen (1947). 

The common mineral association of basic and intermediate volcanics 
is hornblende - biotite - plagioclase (An 23_ 42) which typifies the normal 
amphibolite facies. In the calcic concretions of the amphibolite, near 
the boundary of the nortllern intrusive massif, the a semblage diopside 
- hornblende - plagioclase (up to An 50) is found. The association horn
blende (tremolite) - chlorite - epidote - plagioclase (An 3_ 15) corre
sponds most to the epidote amphibolite facies. The common paragenesis 
chlorite - epidote - albite (01' albite - oligoclase) refers to the condi
tions of the greenschist facies. Naturally, transition al forms between 
these type combinations also occur. Moreover, biotite is often met with 
instead of chlorite in associations that are obviously due to recrystalliza
tion at low temperatures. In some cases this is to be explained by assum
ing a metasomatic increase of potash. In the metamorphie trachyandesite 
(p. 15) a quite unaltered biotite, however, is present together with epidote, 
albite, and hornblende, although the content of potash is low. Aecording 
to Simonen and Neuvonen (1947), in certain lime-bearing sehists W. 
of Lake Näsijärvi the association epidote - biotite seems to have been 
stable at a low temperature (the epidote-biotite schist faeies aeeording 
to Th. Vogt, 1927). The lime eontent of the traehyandesite is not notably 
high, however. 

In the acid schists the a sociation biotite - muscovite - plagioclase 
(An16 _ 25) means that they have reerystallized under the PT-conditions 
of the amphibolite facies. The common assemblage of shear zones, chlorite 
- muscovite - (epidote) - albite refers to both the epidote amphibolite 
and the greenschist facies aeeording to Eskola (1939). However, in many 
porphyries and tuffites rieher in potash the association biotite-muscovite
albite is as eommon as the former. Epidote is in that ease usually sub
ordinate 01' lacking. There are not always any recognizable traces of late 
movements to be observed, for instanee, as regards the separate bed 
of acid tuffite in E. Aitolahti. The rock being rieh in potash and very 
poor in lime, such a paragenesis might have erystallized under the eon
ditions of the amphibolite faeies. We may think that lime has not been 
present in suffieient quantities for the formation of anorthite. On the 
other hand, this assoeiation corresponds to the biotite - muscovite 
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schist fa eies of Th. Vogt (1927) which belongs to the greenschist facies 
according to Eskola. In such cases the conditions of recrystallization 
are not evident, unless the parageneses of associated rocks have been 
studied. 

In many sedimentogenous amphibole-bearing schists the parageneses 
are similar to those of basic and intermediate volcanics. In the types 
richest in lime the combination biotite - epidote seems to have a COffi

paratively wide range of stability. 
In phyllite and mica schist the amphibolite facies is indicated in the 

assemblage biotite - muscovite - plagioclase (An 20_ 35 ). In many cases 
muscovite may be lacking, however. As a transitional form towards the 
lower-temperature paragenesis the association biotite - chlorite - mus
covite - plagioclase (up to An 20 ) is observed. Parageneses indicating the 
low-temperature fa eies proper are but met in limited areas in the Paar
lahti shear zone, and in connection with the strong fracture cleavage 
near the southern granite contact. The commonest association is 
biotite - chlorite - muscovite - albite, biotite being sometimes almost 
absent. Such an assemblage implies a combination of two subfacies of 
the greenschist facies, viz., the biotite - muscovite, anel the muscovite
chlorite schist facies (Th. Vogt, op. cit.); 01' the biotite-chlorite, and the 
muscovite-chlorite sub fa eies (Turner 1948). The same association can 
be stable under the conditions of the epidote amphibolite fa eies also. 
It proves that in phyllites biotite can be stable down to a low tempera
ture, owing to the high potash content of these sediments. Thereby the 
chloritization of biotite is retarded (Vogt, op. cit.). 

Besides the »ordinary» cases treated above, there are mineral asselll
blages which somewhat deviate from them. The commonest instance 
is the occurrence of abundant epidote together with non-albitic plagio
clase. In the sedimentary schists consisting of incol11pletely decomposed 
materials the association biotite - epidote - plagioclase (up to An 3l ) was 
observed in 11Umerous cases. Muscovite also sometimes belongs to the 
association. In the hornblende schist between the main zones of phyllite 
and volcanics the assemblage hornblende - biotite - e1Jidote - plagioclase 
(An 20_ 30) 1S predominant. In layers with dominating hornblende 
the epidote forms rat her big euhedral crystals. The epidote-rich 
concretions and the cements of breccias carry some oligoclase (AU 23 _ 28), 

and hornblende 01' biotite. A further , more striking example is the lime
rich schist W. of Lake Hankajärvi .(p. 35) with the combination horn
blende - epidote - andesine - microcline. The abundant idiomorphic 
epidote is quite an essential constituent. 

The plagioclase associated with epidote in the lime-rich schists of 
N. W. Kangasala has an extremely high content of anorthite. The assem
blage is hornblende - epidote - garnet - bytownite. The garnet may 
contain a considerable amount of grossularite. In a related rock (p. 28; 
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cf. further p. 47) there is the 
association chlorite (of the 
corundophilite group) - bio
tite - garnet - bytownite. The 
chlorite forms very well-crys
tall ized flak es . 

In the basic volcanics of 
shear zones the associations 
hornblende - chlorite - epi
dote - 1Jlagioclase (An 25 _ 30) , 

n nd chlorite - epiclote - pla
gioclase (An 35_ 40 ) are found. 
J n corresponding cases the 
intermediate schists sometimes 
display the combination chlo
rite - (muscovite) - plagioclase 
(An 20_ 30). 

It is 0 bvious that many 
of the associations described 
da not show any real equilib-

Fig. 22. Recrystallization of plagioclase phenocryst 
in plagioclase porphyrite. Light oligoclase between 
squares of dark andesine. S. W. of Lake Koskuen-

järvi, Orivesi. Nie. +, magn. 20 x . 

rium , but they can be referred to an »inadequate» mechanical 
deformation (in respect to the time or the power). That seems to 
be especially true of the assemblage chlorite - (epidote) - andesine 
(oligoclase) in the basic volcanics. The hornblende reacting readily 
to the changes of conditions has been able to change, whilst the 
plagioclase has followed but with incomplete reaction. In a plagioclase 
porphyrite the plagioclase phenocrysts have partly recrystallized in a 
peculiar manner (Fig. 22). The original plagioclase (An 35_ 40 ) forms 
separated, nearly square sections which are welded by later-formed plagio
clase (ab. An zo on the average), the latter consisting of a single individual 
crystal. Some »half-sediments» are also situated in more 01' less deformed 
zones, and hence the same explanation, perhaps, is to be applied to them. 
The fairly calcic plagioclase is present mainly as residual grains, while 
abundant epidote occurs in the fine-grained matrix. Probably recrystalli
zation has taken place more readily in the fine-grained part, while the 
fragments have not yet a.djusted themselves. 

As regards most of lime-bearing sedimentary formations, however, 
their present mineral associations are certainly due to the regional meta
morphism and have not been influenced by late movements. Thus an 
equilibrium has been attained in them. In the oligocla e zone of the 
Sulitelma area (Th. Vogt, op. cit ., p. 209; corresponding to the amphib
olite facies according to Eskola, 1939) there are lime-bearing schists 
with the paragenesis biotite - epidote - plagioclase (Anl 6-29)' In 
schists still richer in lime the association is hornblende - biotite -
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epidote - plagioclase (An17_ 3<l)' In the Kongsberg-Bamble formation 
Jens Bugge (1943, p. 134) has the assemblage hornblende - epidote -
oligoclase-andesine, and refers it to the epidote amphibolite facies . 
In some parts of the Caledonian chain in Norway the stable combination 
epidote - plagioclase (up to An so) was found by Ramberg (1944, p. 109). 
This author has considered the epidote - plagioclase equilibrium from 
the physico-chemical point of view (op. cit., p . 120). According to him, 
with rising temperature more and more basic plagioclase can be stable 
together with epidote. Concerning the latter, however, )at the high 
temperature - - - - - does not epidote often occur because of the possibility 
of the plagioclase carrying relatively much anorthite in stable solid-solu
tion - - - - -) (op. cit., p. 170). On the other hand, with increasing press ure 
the range of the stability of epidote increases, and plagioclase can be
come more acid in favour of epidote. We thus may think that in both 
high temperature and high pressure epidote can be stable together with 
very basic plagioclase. In this sense the epidote amphibolite facies 
extends over a very wide range of PT-conditions, reaching up to a tem
perature at which the epidote gives way to other Ca, Al minerals, among 
other the pur e anorthite. A somewhat similar thought is expressed 
by Turner in his summarizing memoir (1948, p. 81). An interesting 
assemblage plagioclase (up to sodic labradorite) - hornblende - biotite 
- epidote - microcline in rocks with excess potash is refelTed by Turner 
(op. cit. , p. 84) to the staurolite - kyanite subfacies of the amphibolite 
facies (cf. above, p. 36). Since epidote amphibolites with non-albitic 
plagioclase are stable in the amphibolite facies, he prefers the term )albite
epidote amphibolite facies) to the previous )epidote amphibolite facies ). 

We have the combination (without any potash) bytownite - horn
blende - epidote - garnet in N. VV. Kangasala. The locality is situated 
at a place where two rather large intrusive massifs most closely approach 
one another. Forces that later have caused the secondary transversal 
cleavage, distinct1y visible on both sides, have not been acting here. 
Ramberg's investigation suggests that it is just at a place like this where 
such a paragenesis can be formed. It is true, however, that the epidote 
does not occur in the closest conjunction with the bytownite, but forms 
patches and stripes that do not contain the latter. Near this locality 
the association bytownite - chlorite (of the corundophilite group)
garnet was encountered. In that case the confining pressure might have 
been of more importance, inasmuch as a chlorite mineral could hardly 
have originated at a high temperature. N. E. of this place there is a 
phyllite strongly deformed by fracture cleavage, in which the associa
tion biotite - muscovite - chlorite - (albite) was found. The chlorite 
occurs as well-developed porphyroblasts (Fig. 23) the appearance of 
which greatly resembles that of the chlorite just mentioned. The optic 
properties are quite different, however. It is optically negative, and its 
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Fig. 23. Phyllite containing some well-shaped porphyroblasts 
of penninitc. S. W. corner of Lake Paalijärvi. 'l'eisko. Nic. +. 

magn.35 x . 

elongation is positive; pale green-coloured and weakly pleochroic- with 
'Y > a; the birefringence is very weak; the extinction angle a 1\ c of 
about 3° is found. These properties correspond to those of a ferriferous 
penninite (delessite), according to Winchell (1933). The chlorite concerned 
is suggestive of a pseudomorph after corundophilite, formed at a low 
temperature during late shear movements. 

The mineral facies of the metasomatic rocks will be discussed in 
connection with the description of these rocks (p. 108). 

INTRUSIVE ROCKS 

In the area there are parts of two large massifs, N. and S. of the schist 
belt. In addition, in the western part of the complex is a separate stock 
of granodiorite named the »Värmälä granodiorite» after a village in the 
parish of Teisko . This regional division will be followed in the description. 

All these rocks are younger than the supracrustal series, but nowhere 
do the massifs co me into contact with one another, so it is difficult to 
decide their mutual age relations. Some data will be presented later 
(p. 86) . 

INTRUSIVES OF THE NORTHERN SIDE 

The parts investigated of the northern massif represent the southern 
marginal zone of the so-called »Oentral granite of Finland». The study 
was restricted to the vicinity r f the boundary. 
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The rocks are fairly variable. North of Lake Pukalanselkä is some 
hornblende gabbro which soon passes westwards into diorite. North of 
Lake Hankajärvi there is quartz diorite, often showing transition into 
gTanodiorite. The rock of the neighbourhood of Lake Savonjärvi is again 
a little more basic, but farther W. the main rock is of granodiorite with 
incidental quartz diorite. There iso however, a fairly large occurrence of 
gabbro and diorite near the northwestern corner of the area. Many of the 
rocks have evidently had a later addition of potash, and only parts ofthe 
basic portions are quite unaltered. Thus an exact classification of rocks 
is difficult to carry out; for instance, the predominance of granodioritc 
may be due to such a secondary process. Granitization is especially 
cvident N. and N. \V. of Lake Pukalanselkä, and microcline granitc 
proper is seen in many places through the whole zone. South of Lake 
Pukalanselkä and E. fram there to the eastern end of the area the rock 
is rich in silica and soda, fairly fine-grained, and porphyritic. It is thus 
1ike the marginal variety of many of the synkinematic Svecofennidic 
granodiorites. 

The above-mentioned rocks usually pass more 01' less gradually one 
into a·nother. Only the most acid kinds sharply penetrate the most basic 
ones forming definite veins. The contacts of all the intrusive rocks against 
the schist are mostly fairly complicated. In the parish of Teisko, especial
ly N. of Lake Paarlahti, is a contact zone which can be up to 1 km. in 
breadth, and consisting of many different materials. In the intrusive 
rock there are highly altered portions of schist, sometimes several 
hundreds of metres in length. The rocks seem to have been fairly plastic, 
the contacts are concordant, and most of the intrusive rocks are foliated. 
This gives the impression of a synkinematic intrusion. A detailed de
scription of the contact relations of the different rock types will be given 
in their respective connections. 

GABBRO AND DIORITE 

Unaltered hornblende gabbro occurs mainly in two localities, N. of Lake 
Paarlahti and S. E. of Lake Savonjärvi. The latter small massif consists 
of very typical gabbro. A slight foliation can be seen megascopically, 
but is not observed in thin section. The analysis of the rock is presented 
in Table V, N:o 7. The Niggli numbers ac cord with those of the normal
gabbroic magma type according to Niggli (1923). 

The texturo is nearly hypidiomorphie, and plagioelase is the most idiomorphie 
constituent. 

Plagioelase forms fairly fresh tabular crystals. The maximum extinction anglp 
is 29°, and a' is a little over ö' of quartz, so the composition is AnSl_ 52" 

Hornblende is of a common green species, but in a fpw cases the kernel of tho 
crystals is pale-coloured anel very weakly pleochroic. (For the properties see Table 
VI, N:o 1). Small amounts of biotite oeeur as an alteration produet. 
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Magnetite is eomparatively 
nbundant, so me quartz is seen 
between other minerals, and 
apatite is accessory. 

The massif N. of Lake 
Paarlahti is situated about 
:") km. W. of the eastern end 
of the lake. It is much larger 
t han the former. The rock is 
e haracterized by long prisms 
of hornblendc and lack of 
foliation (Fig. 24). 

The texture is hypidiomor
phic, anel plagioclase is idiomor
phie in relation to hornblende' 
with some exceptions. 

Plagioclase is well-presen·cd 
for thc great er part. The com
position is An 43 _ 45 (the max. 
t:'xt. angle = 25°). 

Hornblendo prisms aro up 
to 7 mm. in length. Pleochroism 

Fig. 24. Hornblende gabbro. N. of Lake Paarlahti, 
Teisko. Magn. 6 x . 

is as folIows: y brownish green. ß greenish brown > a pale greenish brown. The 
other properties, are presented in Table VI, N:o 2, and the chemical analysis in 
Table VII. Abundant small, tabular erystals of ore. probably ilmenite, oceur a s 
inclusions , the regular arrangement of whieh (sec figure) gives the impression of 
<1n exsolution of Ti from the hornblende. The material analyzed ineludes the 
ilmenite. 

Some largo flakes of chlorite are abserved as an alteration product of horn
blende. In certain cases considerable amounts of prehnite as smaH narrow lath !'< 
are associated with the chlorite. Biotite is alma t laeking. 

Oxidic ore is rather abundant, while quartz is quite aceessory. 

The analysis of the rock is presented in Table V, :0 8. 
Against the large inclusions of basic schist occurring in the massif 

there is often a somewhat finer-grained marginal variety. In this, the 
plagioclase is a little poorer in anorthite and apart of hornblende is of 
a COll1mOn green species showing irregular shapes. The kerneis of such 
hornblende crystals sometimes consist of cummingtonite. (For the 
occurrence and the properties of cummingtonite see the description of 
gabbro-hornblendite later on in this chapter). Some pale brown biotite 
occurs, but the ore is less abundant. The analysis of the marginal type 
is seen in Table V, N:o 9. 

The chemical composition of this gabbro is rat her peculiar showing 
no analogies to those of usual types. Indeed, the marginal variety re
sembles some ossipites (Niggli, op. cit. , p. 130), with the exception of 
the low figure of mg. The remarkable content of alumina in the main 
type is due to the great amount of this constituent in the hornblende. 
The high content of Ti, if assumed as primary, suggests ahornblende 

7 1172/51 
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Table V. Analyses of the intrusives of the northern side. 

7 

1 

8 

I 
9 

1 

10 

1 

11 

% I Mol. 
% I 1.101. 

0 ' I 
Mol. 

% I 1.101. 
% I Mol. prop. prop, ' 0 llrop. prop. prOll, 

Si0 2 ............. 48.80 8125145.04 7499 47.18 7855 50.00 8325 56.76 1 9451 
TiO

d 
..... ...... .. 1.05 131 1.44 180 1.64 205 1.06 133 0.64 80 

AI 2 3 .. , .... . .. ,. 15.61 1531121.24 2084 19.49 1912 21.35 2094 21.69 1 2128 
Fe20 3 .... . ...... . 4.78 299 1.36 85 2.24 140 2.15 135 2.55 160 
FeO ......... , .... 8.48 1180 9.84 1370 9.48 1320 8.33 1160 3.02 420 
MnO ........... ,. 0.14 20 , 0.16 23 0.26 37 0.16 23 0.09 13 
MgO .... , ... . . ' .. 5.8,1 1448 4.56 1131 3.92 972 3.44 853 0.75 186 
CaO ...... , .. ... , . 9.26 1651 9.9,1 1772 9.78 1744 8.30 1480 6.80 1213 
Nae? ." .... , .. .. 3.16 510 3.06 494 3.43 553 3.90 629 6.13 989 

0.94 100 0.90 96 1.06 113 0.35 37 0.93 K 2 •• • , ••••••••• !l9 
P 20 6 •. . ".'"" ,, ' 

0.36 25 0.31 22 0.30 21 0.27 19 0.11 F; I 

0.86
1 

H 20+ ... . .. , . . .. 1.56 1.98 1.38 1.18 I IJ 20 - . . , ... , , ... 0.20 0.24 O.OG 
I 0.10 0.12 I 

1100.1 8 1 100.07 I 100.22 1 1100.59 1 1
100.45 I 

Niggli numbers I 

I 
I 

si ........ " .... "I 115 105 113 127 176 

I 
ti .......... , ... ' . 1.9 2.5 3.0 2.0 1.5 
al .. , ... , ......... 21.7 29.2 27.6 I 32.0 39.6 
fm ..... . ......... 46.1 37.7 37.6 35.2 17.5 
c ............... . 23.5 24. 25.2 22.6 22.6 
alk 8.7 8.3 9.6 10.2 20.3 

I 
........... . . . , 

k . . . . . . . . . . . . . . . . 0.1 6 0.16 0.17 0.06 0. 09
1 lug .......... . .. . 1 0.45 0.42 0.37 0.37 0.20 

cjfm . .. ..... " .. , 0.51 0.62 0.67 0.6-1 1. 29 

Mineral composition 
Plagioclase ..... , " j "\nl>1- 52 40.2 
Hornblende ...... , 47.6 

An43- 45 47.0 
40.7 

C1!-m.mingtonitc , ... 
BIOtlte .... ...... , 
Chlorite ... .... . .. 1 

3.6 ) I 

6.2 
Prehnite .... , .. , .. 
Qu~r~z ... , , ... , .. ' [ 
OXldlC Iron ore . . . . 
Accessories ., .... , . 

4.6 
2.5 
1.2 

100.0 I 

f 
1.2 
4.8 
0.1 

100.0 

An 40 51.5 
39.7 

2.5 
3.4 
0.3 

1.3 
1.2 
0.1 

100.0 , 

An 45 60.9 
22.8 

9.7 
I 

3.2 ) 

0.-1 
2.2 
0.8 

100.0 I 

An 30 77.1 
1l.i 

3.9 

G.4 

0.9 

100.0 I 
7. Hornblende gabbro. Between Lakes Hankajärvi anet Savonjärvi, Teisko. Analyst 

M. Mäntynen. 
8. Hornblende gabbro. N. of Lake Paarlahti, 5.5 km. W. of the eastern end of the lake, 

Teisko. Analyst M. Mäntynen. 
9. Marginal variety of t,he ga bbro in N:o 8. Analyst M. Mäntyncn. 

10. Gabbro-diorite. N. of Lake Paarlahti, 3. 5 km. W.N. W. of the eastern end of the lake, 
Teisko. Analyst M. Mäntynen. 

11. Diorite rich in plagioclase (»anorthosite-diorite»). S. of La ke Savonjärvi, Teisko. Ana Iyst 
M. Mänt,ynen. 

crystallized at a high temperature, whereas the small amount of fe1'1'ic 
iron, as weH as the high pe1'centage of wate1' does not accOl'd with such 
an explanation. According to Sundius (1946, p. 21), the amphibole is 
intermediate between pargasite and hastingsite, 01' a »femag-hastingsite» 
(Billings 1928), though so me diffe1'ence appears in the amounts of ferric 
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Table V (continued). 

12 

% , MOl. 
prop. 

S~02 ········ ·····1 57.66 1 9600 
TI0 2 • ...... .. .... 0.56 70 
Al 20 3 •. . • •••• • ••• 20.10 I 1972 
Fe20 3 . ... . ... . ... 1. 7 4 109 
FeO . . . . . . . . . . . . . . 5.40 752 
MnO .. . ... . .. . ... 0.13 18 
MgO . ............ 0.97 241 
ICaO . . . . . . . . .. . . . . 5.92 1 1056 
Na~.O ...... . ..... 5.43 876 
K 2u .. . .... ... .. ' 1 1.28 136 
P20 S • . . . . • . •. . . . . 0 .19 13 
H20 + ... . ....... 0.61

1 H 20 - ......... . . 0.01 

1

100.00 1 

Niggli numbers 
si ....... . ....... . 
ti . .. .. . . . . . . . . . . . 
al .... . ........ . . . 
fm ........ . . . . .. . 
e ............. .. . 
alk .............. 1 

~g":::::::::::: ::1 
ejfm . ...... . .. . . . 

,}rineral eomposition 

182 
1.3 

37.4 
23.3 
20.1 
19.2 

0.13 
0.20 
0.86 

Quartz ... . .. . ... . 
Plagioclase .... . .. '1 
Mierocline .... . .. . 

14.6 
An30 - 32 58.6 

Biotite . ......... . 
Hornblende .. . .. . . 1 

Chlorite . . . . . . . .. . 
1 Aeeessories 

15.6 
10.6 

0.6 

100.0 1 

0/

0 

1
1
3 lIlol. 1 0 1 1

1

4 Mol. I' 0 /

0 

1,5 Jl[ol. 1---; 1
1

6 lIlol.-
/( prop. 0 prop . /( prop . 0 pro]). 

I I I I 

62.06 10333 i 73.94 112311 74.56 12414 / 
0.50 63 [ 0.25 31 0.27 34 1 

17.77 1743 14.35 1408 13.46 1320 
1.50 1 9,l 0.48 I 30 1.01 63 I 
3.30 459 1 0.43 [ 60 0.86 ' 120 I 
0.08 11 0.02 3 0.03 4 
2.26 561 1 0.55 136 0.36 89 
4.26 
3.66 
3.72 
0.20 
1.04 
0.08 

760 

590 I 
395 

14 

100.43 1 

220 
1.3 

37.0 
25.9 
16.2 
20.9 
0.40 
0046 
0.62 

13.2 
An 25 41.2 

13.2 
19.1 
12.1 

1.2 

100.0 

I 
1 

2.68 
5.84 ' 
0049 
0.03 1 
0. 68

1' 

0.20 

99.94 I 

478 1.32 
942 1 2.92 
52 4.88 

2 1 0.02 
0.34 
0.14 

392 
1.0 

44.9 
8.2 

15.2 
31.7 

0.05 
0.53 
1.85 

1100.17 

I 

235 
471 
518 

431 
l.2 

,l5.8 

1 

11.8 I 8.1 
34.3 

0.52 
0.26 
0.69 

32.6 
An l2- I7 62.0 

44.3 1 
An I5- I7 23.6 

26.6 
4.6 1 0.8 

3.8 

0.8 

100.0 I 

0.5 ' 
0.4 

100.0 1 

71.01 11823 1 
0.27 34 

15.54 1524 1' 
trace I 
1.30 I 181 1 
0.04 6 
0.42 104 
1.68 I 

4.00 
4.88 
0.05 
0.68 
0.10 

99.97 1 

300 
645 
518 

361 
1.0 

,l6.5 
8.9 
9.1 

4 

35.5 
0.45

1 

0.36 
1.03 

28.0 I 
AniS- 22 33.4 

31.7 
3.5 

3.3 
0.1 

100.0 

12. Quartz diorite. ~. shore of Lake Paarlahti, 5 km. W. of the eastern end of the lake, 
Teisko. Analyst M. Mäntynen. 

13. Granodiorite. 2. 5 km. S.W. of Lake Savonjärvi, Teisko. Analyst M. Mäntynen. 
14. Soda-rieh marginal modifieation of the northern massif. 2 km. N. W. of Lake Kutema

järvi, Orivesi. Analyst M. Mäntynen. 
15. Mieroeline granite. N. of Lake Paarlahti, 4. 5 km. W. of the eastern lend of the lake, 

Teisko. Analyst M. Mäntynen. 
16. Granitized granodiorite. X of Lake Paarlahti, Teisko. Analyst M. Mäntynen. 

iron and soda. The optic properties are in fair accordance (Sundius, op. cit., 
p. 26 and 29). The axial plane is symmetrical like that of mo t of the 
hornblendes. The chemical composition of the gabbro S. E. of Lake 
Savonjärvi (Table V, N:o 7) deviates greatly from those just presented, 
though the mineralogical compositions are fairly similar. It is obvious 
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Table VI . 
The properties of the hornblende in some of the rocks of the nor thern 

contact zone. 

2 3 5 6 

1.650 1.667 1 1.657 1 1 
1. 685 1 1.673\ 1.649 a ....... . ............... . . 1.678

1 
ß ....... ,- . .. .... .. ....... 1.679 , 1.695 - 1.667 
Y .......... . ...... . ..... ,. 1.678 1.684 1.678 1.703 1. 70 

1.

691

1 

1.673 
,2Va 

::::: : :: : ::: : :::::::: :1 
58° 68° 72 - 74° 70° 54° 66° 

!y/\ c 18° 18° 18° 14° 14 15° 13 - 14° 17° 
I Approximate (FeO] : (MgO]1 

7: 41 
ratio accol'ding to Winchell 

1(1933) ..... . ..... . ... . .... [ 2:3 5:4 2: 3) 7: 2) 8:1 1:2 

1. Hornblende gabbro ('rable V, N:o 7). 
2. Hornblende gabbro (Table V, N:o 8). 
3. Gabbl'o-hornblendite. N. of Lake Paarlahti, 3.5 km. W. of the edstern end of the lake, 

'l'eisko. 
4. Plagioclase-rich (liorite ('rable V, N:o 11). 
5. Quartz diorite (Table V, N:o 12). 
6. Plagioclase-porphyritic contact variety of schist. 2 km. W.S. W. of Lake Savonjärvi, Teisko. 
7. Gabbro-like contact variety of schist. N. of Lake Paarlahti, 5. ;; km. W. of the eastern end 

of the lake, Teisko. 
The values of the refractive indices are approximute, determined by the immersion method 

in the cleavage splinters. 2Va and y/\ c ha,ve been determined on t he U-stage. 

Table VII. 

% 
lIlol. Atomlc prop. 
prop. (0 = 24) 

~,~02 ...... . ... ... 39.00 6494 Si 5.84 \ 8.00 ]1°6 ..... ... .. .. . 3.60 451 Al 2.87 { 2.16 j 

AI 2 3 . .... . • • .. . . 16.26 1595 Ti 0.41 0.71 1 
Fe20 3 ....... • .... 1.62 101 Fern 0.18 5.17 FeO . . ...... . .. . . 16.60 2311 Fell 2.08 , 
MnO .... .. . . . .. . . 0.24 34 Mg 1. 76 

J MgO .. .. ... . ..... 7.90 1959 Mn 0.03 
CaO .. . .. . ........ 10.84 1933 Ca 1.74 

} 2.26 Na 20 . . ... . ... . .. 1.40 226 Na 0.41 
K 20 . . . . . . . . . . . . . 0.57 61 K 0.11 
P20S .... . ..... . .. OH 2.12 2.12 
Jl 2O+ . . . . . . . . . . 2.12 1176 
H20- .... . ... .. . 0.20 

100.35 

Hornblende from the hornblende gabbro in Table V, N:o 8. Analyst M. Mäntynen. 

that its hornblende is mu'ch poorer in alumina suggesting quite a »common 
hornblende», in addition to which it is richer in magnesia as indicated 
by the refractive indices. 

A few very small portions of an even more basic rock occur at thc 
margins of the Paarlahti gabbro close to the basic schist. It can be 
called gabbro-hornblendite, because the plagioclase (An 43_ 45 ) is fairly sub
ordinate. In addition to green 01' slightly brownish hornblende, cumming-
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tonite and tremolite are observed in considerable amounts. The prop
erties of the hornblende are seen in Table VI, N:o 3. The relative amounts 
of the colourless amphiboles cannot be determined without an accurate 
study by means of the U-stage, and inasmuch as they sometimes occur 
as aggregates of smaH laths, the difficulties are even greater. According 
to some determinations cummingtonite seems to be the most abundant, 
however. In contrast to its occurrence in the gabbroic marginal variety, 
it often surrounds the hornblende crystals. At times the cummingtonite 
(01', perhaps, the tremolite) shows a kind of zonal alternation with the 
hornblende. The boundary of the latter against the cummingtonite is 
often indistinct, and this can show a very slightly greenish colour. It 
is most often homoaxial in relation to the hornblende, so the extinction 
angle is the same. Polysynthetic twinning according to the augite law 
is common. The refractive indices determined by the immersion method 
are a' = 1.6 .. 2 and y' = 1.66 8, 2Vy = 74-76°, and the estimated ratio 
[FeOJ : [MgO] = 4: 5 (\i\TincheH 1933). The tremolite also seems to be 
homoaxial in relation to the other amphiboles. Thc optic angle 2Va 
is 82° ± 2°. 

The e'ltimated [FeOJ : [MgOJ ratios in the hornblende and cuml11ing
tonite may show the cummingtonite to be somewhat richer in iron. This 
is in agreement with Eskola's observation (1950) of a similar conjugation 
of these amphiboles in a hornblende-bytownite rock in Muuruvesi, Central 
Finland. 

The gabbro is most often accompanied by diorite, which forms, for 
instance, most of the southern and western parts of the basic massif 
N. of Lake Paarlahti. The rock is usually moderately foliated. 

The texttu'p is almost hypidiomorphic, and plagioclase is distinctly idiomorphic 
in relation to hornblende. 

The rnain minerals are plagioclase (about An35 ) which is clearly predominant, 
green hornblende. and often eummingtonite (see later on p. 58). The plagioclaso 
grains are up to 5 rnrn. in diameter. The eummingtonite always occurs in the ker
nels of the irregular hornblend e erystals. often with clistinet boundaries. The 
relation of the amphiboles is as d eseribed aboye. 

Some biotite occurs at the borders of the hornblende crystals. Apatite is fairly 
abundant. 

East of the above-mentioned massif smaH basic portions occnr in 
many places, usuaHy in the immediate vicinity of the schlst. A consider
able number of them consist of diorite or gabbro-diorite rich in alumina. 
An analysis is presented in Table V, N:o 10. The composition does not 
notably deviate from the average between the normal-dioritic and the 
ossipitic magma types according to Niggli (1923). Mineralogically the 
rock differs from the diorite described above by containing more plagio
clase (ab. An 45 ) and no biotite. The plagioclase crystals are often distinct
ly zoned. Cummingtonite occurs around the hornblende in some cases, 
and as individual crystals as weIl. 
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Fig. 25. Plagioelase-porphyritie eontaet variety of sehist. 
N. of Lake Paarlahti. Teisko. Nie.+, magn. 8 x. 

At Lake Savonjärvi 
is an area about 2 km. 
in length of a rock which 
is for the most part very 
rich in plagioclase. The 
analysis of the rock is 
seen in Table V, N:o 1l. 
It is to be linked to 
the diorite class, though 
such a composition cor
res ponds rather to that 
of an »anorthosite-dio
rite» and differs from 
anorthosite-gabbros in 
the composition of its 
plagioelase, in addition 
to which the figure of 
mg is remarkably low. 

The texture is n early granoblastic, and the dark minerals show a weakly-devel
oped parallel arrangement. 

Plagioclase occurs as roundish, often untwinnc<l grains up to 5 mm. in diameter. 
The composition is about Anso, determincd by comparing the refractive indices 
to those of quartz. 

Hornblende is dark-coloured (y d eep turbid green) . The properties are seen in 
Table VI, N:o 4. Biotite is p artly chloritized. 

Some quartz is present between the plagioclase grains. Sphene ancl a little 
epidote are associated with the dark minerals. Apatite is comparatively abundant. 

The rock passes into microcline-bearing quartz diorite and granodiorite 
in its western part near to which granitized rocks are widely distributed. 

Oontact relations. The gabhro 
and diorite are most abundant 
where the broadest contact aureole 
of intermingled rocks has been form
en. The best example of this is 
N. of Lake Paarlahti, where the 
largest occurrence of gabbro-dioritic 
rocks is situated around some large 
fragments of basic schist. Only 
rather indistinct remnants of these 
are preserved. 

When elose to the basic intru
sives, the schist (amphibolitic, 
or occasionally uralite-porphyritic) 
becomes distinctly plagioelase
porphyritic, 01' contains small accu- Fig. 26. Plagioclase phenoeryst in the sehist 

presented in Fig. 25. Nie. +, magn. 16 I X . 
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mulations of larger plagioclase 
crystals. Where the schist has been 
interrningled with greater amounts 
of external material , such an 
altered zone can be several tens of 
metres in breadth, but in general 
i t is much narrower. In this 
change the schistosity almost en
t irely disappears, and the rock may 
become nearly hypidiomorphic in 
texture. Biotite and quartz have 
a,lways increased considerably. A 
microphotograph of a typical ex
ample is presented in Fig. 25. 

The plagioclase phenocrysts, as weIl 
as the smaller plagioclase grains, are 

Fig. 27. Gabbro containing accumulations 
of plagioclase. N. of Lake Paarlahti, Teisko. 

Natural size. 

som etimes idiomorphic in r elation to thc d a rk minerals , but cven biotite can often 
be idiomorphic in r elation to plagioclase. At least apart of the phenocrysts certainly 
represent a r ecrystallization, judging from the present outlines and the well
developed zones of some crystals not in accord a nce with the trend of the indistinct 
twinning lamellae (Fig. 26). These cryst als m ay b e inversely zoned, too (see figure). 
The composition "aries from about An3s up to about Ans 0' the latter value being 
determined in the border of a big crystal (a equals ~ of quartz approximat ely). In 
tbc matrix the composition is usually An33_ 3 ; (the max. ext. angle = 19-20°). 

Tbe properties of the hornblende are presented in T able VI, N:o 6. Its colour 
Bometimes shows a greyish green tint, a nd it m ay contain appreciable amounts 
of ilmenite inclusions. 

Fig. 28. Recrystallized, gabbro-like variety of 
basic schist. ~. of Lake Paarlahti, Teisko. 

Nie. 11 , magn. 8 x . 

Biotite is m edium to dark brown. 

The contacts of the plagio
clase-porphyritic rock against gab
bro and diorite are often indis
tinct, and xenoliths of it are com
mon in many diorites and some 
gabbros. At certain localities the 
gabbro at such an indistinct con
tact is heterogeneous containing 
accumulations (up to 2 cm. in 
diameter) of plagioclase with a 
little quartz (Fig. 27). 

Another type of recrystallized 
schist (Fig. 28) is quite sirnilar 
to a fine-grained gabbro (the grain 
size 0. 3-0.4 mm.), but deviates 
from other gabbroic rocks in the 
area by containing some augite. The 
mineral composition is as follows: 
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I 

I 
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I 
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I 
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Hornblende 53.3 
Plagioclase (An 41_ 43 ) .......... • ....... 38.7 
Quartz ............................... 2.7 
Augite . .............................. 1. 8 
Colourless amphibole ....... . .......... l. 
Accessol'ies . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.7 

100.0 

Hornblend e oecurs as r ather ü-rcgular, hOl·t prism s . and its colour oHen show,> 
a brownish tint. Its properties a re seen in Table VI, .:. :0 7. 

The plagioclase cryst a ls are also fairly irregular in shape; when well-shapl'u . 
they are sometimes idiomorphie in r ela tion to hornbleno €' . but the reverse caSt' 
CRn b e observed as well. 

Augite t ends to oceur in a ssocia tion with smaH p atc}ws of plagioclas€' and quartz. 
Colourless amphibole is seen a s sm all spots within the ho1'nbl€'nde crystals >1,., 

a rule, but also as a rim b ctween augite and hornblende. vVhether it is cumming
tonite or trem olite, or maybe both , could not b e d ecided owing to the sm all s ize 
of the individuals and b eeause it commonly p asses gradu ally into hornblende. 
However it may b e, it is hardly er edible that the abO\-e-mentioned rim b ctw€'€'ll 
two Ca-rich minerals could consist of almost Ca -fr€'e cummingtonite. 

The ore content is l'cmarkably 10,,' in comparison with tha t in other gabbroic 
rocks. 

l'his contact variety is not very common, and seldom seen imme
diately against the magmatic rock, with the exception of some most 
basic intru, ·ives. Where such a type is present together with the plagio 
clase-porphyritic one, it is usually isolated from the intrusive by the 
latter. In places therc are fairly large fragments of schist with the longi
tudinal directions approximately parallel to the general foliation. In the 
neighbourhood of the fragments the intrusive rock is much richer in horn
blende than elsewhere. Some fragments consist of amphibolite , indis
tinctly hornblende-porphyritic and still showing foliation. In other 
fragments the plagioclase-porphyritic rock occurs as borders , and th e 
fine-graineel »gabbro» forms the centre. 

The gabbro S. E. of Lake Savonjärvi (p. 48) passes both N. and :-l. 
quite graelually into an indistinctly fohated amphibolitic schist with 
small hornblende accumulations. A little farther outwarels this changes 
into well-foliated amphibolite containing scattered plagioclase pheno
crysts. Both these rocks carry biotite in essential amounts. The amphibo
lite is bounded by a quartz-elioritic rock, anel this last transition is rapid. 
the transitional zone being about 1 cm. in breadth. Near the contact 
the quartz eliorite is more distinctly foliateel anel contains hornblende i 11 

considerable amounts, in addition to which certain plagioclase grain,; 
are larger anel resemble phenocrysts. The structure of this complex thu,; 
shows obvious sün.ilarities to that of the schist fragments treateel above. 
As was seen, also the chemical character of the central gabbro deviate,; 
decidedly from that of the gabbros and gabbro-diorites N. of Lake Paar-
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lahti. Furthermore, i.ts hornblende (Table VI, N:o 1) is similar to that 
in the gabbro-like sehist variety (Table VI, N:o 7), but differs distinetly 
from that in other gabbros. Thus this gabbro is rather suggestive of a 
completely reerystallized sehist remnant, in spite of the beautiful hypidio
morphie texture and the »normal-gabbroie» ehemieal eomposition. 

So me xenoliths with gradual boundaries greatly resemble the gabbro
hornblendite previously deseribed. Hornblende-rieh fragmentary rims 
are sometimes seen along the eontaets of the plagioelase-porphyritie 
xenoliths. 

As stated above, the gabbro and gabbro-diorite elose to the sehist 
are eummingtonite-bearing, in addition to whieh their hornblende is of 

Fig. 29. ,>Gabbro migmatite,). X. of Lake Paarlahti, 'J.'eisko. 
Photo H. 'fuominen. 

a different ki.nd in eomparison with that farther away from the eontact. 
The same evolution is sometimes seen around small xenoliths on aminute 
seale. In eonneetion with the basic massif N. of Lake Paarlahti a ver.)' 
heterogeneous »gabbro migmatite» has been formed in some loealities. 
The rock is eomposed of alternate hornblende-rieh and plagioelase-rieh 
parallel schlieren (Fig. 29) between whieh there are some broad band" 
of rather unehanged sehist eontaining seattered phenoerysts and aeeumula
tions of plagioelase. In these bands are several roundish, eoarse-grained 
patehes of gabbroie rock with long hornblende prisms idiomorphic in 
relation to plagioelase. The patches pass gradually into their schistose 
wall-rock, but may enelose small amphibolite fragments with quite sharp 
boundaries. The fragments have undergone a moderate recrystalliza
tion, as indicated by slight foliation and ti ny spots of coarser plagioelase 
(An 54_ 55 ) and hornblende. Around them there is a narrow aureole consist
ing of plagioelase (An 46_d idiomorphic in relation to amphibole, and 
of xenomorphic green hornblende, and abundant cummingtonite usually 

8 1172/51 



58 Bul:letin de la Commission geologique de Fiulande N: 0 153. 

occurring within the latter. However, in the border of the same thin 
section long, idiomorphic hornblende prisms with brownish colour already 
occur, and cummingtonite is not found in association with them. - The 
cummingtonite-bearing diorite (p. 53) always contains xenoliths of the 
plagioelase-porphyritic schist modification, and the occurrence of cum
mingtonite is probably in connection with the xenoliths. Cummingtonite 
thus only occurs in the intrusive rocks elose to the schists. 

Sufficient attention has not hitherto been paid to the occurrence of 
cummingtonite in hornblende gabbros and related rocks, though it seems 
to be fairly common in them. It has been suggested that it might be 
an alteration product of hypersthene, and it has also been considered to 
be of primary-magmatic origin in certain cases (Nockolds 1941, p. 477). 
In the opinion of the present writer, its mode of occurrence in the above
described rocks might be explained by assuming amigration of an excess 
of Fe and Mg from the basic schists into the adjacent intrusives, on 
ac count of which the crystallization of a Fe, Mg mineral is favoured. 
When cummingtonite occurs w i t hin hornblende, it has been coneluded 
(Stewart 1947, p. 483) that it has existed before the latter, and Stewart 
believes that the hornblende might have resulted from areaction between 
cummingtonite and anorthite. 

It is rather peculiar that sharp fragments of well-preserved schist 
are sometimes encountered in such a gabbroic rock that itself has apparent
ly been derived from the schist. It seems as if the thorough l'ecrystalliza
tion is accompanied by remarkable mobilization of the material, other
wise such phenomena are very difficult to understand. 

QUARTZ DIORITE AND GRANODIORITE 

Quartz diorite is found north-northwest of Lake Hankajärvi mainly 
in the immediate vicinity of the schist contact, and N. of Lake Paar
lahti between the gabbro-diorite massif and the veined gneiss elose to 
the lake. The occurrences are rather inconspicuous. The rock at the 
first-mentioned locality has usually been more 01' less granitized and 
does not represent any pure type. The quartz diorite N. of Lake Paar
lahti is fairly similar in composition to the plagioclase-rich diorite de
scribed on p. 54 in the previous chapter. An analysis is presented in 
Table V, N:o 12 . 

The rock is rather strongly ioliated and the texturo is blastohypidiomorphic, 
almost granoblastic. 

Plagioolase forms oyal 01' somewhat reotangular grains, whioh are often weakly 
zoned and only occasionally twillned. The oomposition is All 30- 32 (determined by 
comparing the refraction to that of quartz). 

Biotite and hornblende often occur as sinuous schlieren. Both are dark·coloured. 
The refractive indices of the biotite are: a = 1. 607 ± 0.002 and ß ;:;::: y = 1. 666 indio 
cating the ratio [FeO]: [MgO] to be about 5: 2 (Winchell 1933). The properties 
oi the hornblende are seen in Table VI, N:o 5. 
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Fig. 30. Gneissose granodiorite. N. of Lake Paarlahti, Teisko. 
Nie. 11, lI).agn. 16 x. 

In places the rock contains appreciable amo1.mts of almandite. 

The main occurrence of ymnodiorite is in the area N. of Lake Paar
lahti where it is widely distributed. It is distinctly 01' strongly foliated 
without exception, and the texture is gmnoblastic. A microphotograph 
of the rock is presented in Fig. 30. 

Plagioclase is somewhat sericitized. The refractive indices are slightly lower 
than those of quartz, but a' > N of Canada Balsam, so the composition is about 
An zs ' 

Biotite and hornblende form schlieren of fairly large crystals. The minerals 
are quite unaltered. 

Quartz and microcline are present in equal amounts. The latter is unevenly 
distributed and usua1ly occurs as xenomorphic grains between other minerals, 
but some larger, nearly idiomorphic crystals can be also seen. Myrmekitic inter
growths of plagioclase and quartz are common, and especially well-developcd in 
connection with larger microcline grains. The myrmekite is regarded as being due 
to late addition of potash, as will be further discussed in the chapter on the meta
somatic rocks (p. 93), and consequently such microcline crystals are considered to 
be porphyroblasts formed at least after the main consolidation of the rock. The 
granitization common to several neighbouring rocks further supports such an inter
pretation. 

Sphene, epidote, and apatite are fairly abundant, and epidote often forms 
idiomorphic crystals. A little chlorite is associated with it. 

The chemical composition (Table V, N:o 13) mayaIso afford evidence 
of the secondary addition of potash. The potash content is high and many 
of the other percentage figures are typical of granodiorite, but the amount 
of silica is comparatively low. This also appears when comparing the 
Niggli numbers to those of the granodioritic magma type (Niggli 1923). 
In comparison with quartz monzonites (op. cit .), again, they show differ
ences characteristic of many of the above-treated intrusives in respect 
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to al and fm. It is worth noting that the figure of mg is unexpectedly 
high as compared with that of the other intrusives, further suggesting 
the rock to have been primarily more basic. 

Oontact relations. Quartz diorite and granodiorite are rather uncom
mon c los e to the boundary of the schist complex. In the northwestern 
corner of the area they are in contact with veined gneiss. In most of the 
other cases there is a more basic zone against the schist, but proceeding 
outwards the intrusive rock soon turns more acid and more and more 
homogeneous too . 

The quartz diorite N. of Lake Paarlahti is bordered by a heteroge
neous contact zone in many places. On the whole, this zone is approxi
mately dioritic, but its appearance and composition are variable, and 
xenoliths of plagioclase-porphyritic gneiss with more 01' less gradual 
boundaries are common. The marginal parts of the schist have usually 
been changed into the plagioclase-porphYTitic modification described in 
the previous chapter. 

The xenoliths in the homogeneous types have been affected rather 
moderately. However, in places the changes are more thorough and, 
instead of schist inclusions, gabbro-like patches 01' hornblende-rich loosen
ed accumulations are seen. Such accumulations sometimes have »tails,) 
from which hornblende has spread into the surrounding rock. 

Very small apophyses are occasionally observed at the contact between 
these rocks and the coherent schist 01' the gabbro. They are, however. 
more basic than the respective intrusive, probably owing to local mobiliza
tion and recrystallization of the material of the wall-rock. 

THE VEINED GNEISS x. OF LAKE PAARLAHTI 

In the northwestern corner of the area the basic schist close to the 
intrusive complex passes over into veined gneiss in a zone some hundreds 
of metres in breadth. Transition from the gneiss into quartz diorite is 
observed in some places. More basic intrusive rocks have seldom been 
found in immediate contact with veined gneiss. 

The rock is composed of alternating darker and lighter portions in 
varying amounts and parallel one to another. Even when the veins ha ve 
grown larger, the parallel structure often remains. Mineralogically, most 
of these rocks are as follows: 

The essential constituents of the schistose part are plagioclasC', biotite, quartz, 
and epidote. The schist has largely recrystallized, since the plagioclase crystals 
are often nearly idiomorphic and distinctly twinned, as they are in magmatic rocks. 
The foliation is well-developed, however, and especially in finer-grained parts the 
texture is granoblastic. 

Abundant, large and often idiomorphic epidote grains in association with biotite 
and the lack of hornblende afford evidence of an addition of potash. 
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The veins mainly consist of plagioclase and quartz with some biotite and 8 

little epidote. Their boundaries are faidy indistinct. The texture is nearly gran
oblastic, and a slight foliation is shown by the biotite flakes. 

The composition of the plagioclase is about An 40 approximately, and constant 
t.hrough the whole rock (determined by comparing the refractivo indices to those 
of quartz). 

In other exa,mples the whole is more basic, hornblende being present 
throughout the rock, while quartz is almost lacking in the schistose part. 
Biotite is always more abundant than hornblende, but the relative amount 
of the latter is often greater in the vein, though the absolute quantities 
of the dark constituents are of course smaller there. The composition 
of the plagioelase is constant in this case too. 

lt is noteworthy that the light veins are poorer in potash than the 
dark wall-rock as a rule. Potash feldspar is usually laclung in both, 
but biotite is by far more abundant in the wall-rock. Indeed, microcline
bearing veins are also observed, but the distribution of microcline in them 
is conspicuously uneven, and it often forms porphyroblasts which may 
have been distributed over the whole rock, in both the veins and the 
wall-rock. In all prob ability, this constituent is of late origin and not 
in genetical connection with the original light veins in the gneiss. 

At certain localities on the shore of Lake Paarlahti the veins can be 
se\-eral tens of metres in breadth. The schist passes more or less gradually 
into the vein which is biotite-quartz-dioritic in composition and shows 
a, faidy hypidiomorphic texture, although it 1S considerably foliated. The 
following special features are to be noted: the plagioclase crystals are 
distinctly zoned (the composition varying from An40 in the kernel down 
to An Z5 in the shell), in many cases allanite is found in the centres of the 
fa,irly abundant epidote grains, and a little almandite is present. Quartz 
iH rat her subordinate. 

In the schistose parts of more basic gneiss there are sometimes minute 
clioritic »impregnations» with quite diffuse boundaries, which correspond 
to the gabbroic patches in the schist (p. 57) in their occurrence. The 
schist elose to these impregnations is biotite-bearing, granoblastic amphib
olite, in which the hornblende is rat her dark-coloured and slightly 
bluish green and does not contain ilmenite inclusions. The texture of the 
»impregnatioU» approaches hypidiomorphic as indicated by the often 
euhedral plagioclase crystals. The larger hornblende individuals, at least, 
are lighter than in the adjacent schist and show a slightly greyish tint. 
They sometimes contain ilmenite inelusions in considerable amounts in 
the maHner preyiously described (p. 49). The amount of hornblende, 
in relation to that of biotite, is also in this case greater in the vein than 
in its amphibolitic surroundings. No gabbros 01' diorites are seen in the 
"icinity of such impregnations, and thus these cannot be any intrusive 
apophyses , but look quite »venitic». A related phenomenon may be in 
question, when certain strongly recrystallized amphibolites contain horn-



62 Bulletin de la Commission geologique de Finlande N:o 1'53. 

blende patches (several cm. in diameter) with a surrounding aureole of 
plagioclase. 

At the northern bordet' ot the veined gneiss belt there are, in places, 
small (some metres in diameter), roundish 01' elongated portions of diodtic 
rock within the schist. The boundades of these portions are quite 
gradual. It seems as if such formations do not differ essentially from 
the »impregnations» treated above, ana thus they nlay represent a more 
advanced »magmatizatiom> of the supracrustal material. Such dioritic 
parts can also trend parallel to the schistosity as narrower stripes. In 
the outer contact zone beautiful concordance in the structure is seen in 
the veins, large »impregnations», and the elongations of the schist xeno
liths being parallel one to another, as weH as to the general schistosity. 
The different parts have been largely intermingled with each other and 
the whole begins to resemble a diorite 01' gabbro. The straight lines 
and the parallellisru of the alternating stripes have sometimes remained 
to the last. The »gabbro migmatite» (p. 57) presents an example of 
such an evolution. This migmatic complex itself , as weH as the gabbroic 
patches in its amphibolitic parts may enelose schist fragments with sharp 
boundaries. Thus the whole has been mobilized to such a degree that 
its behaviour has be co me like that of a magma. 

SODA-RICH ){ARGIXAL MODIFICATIOK 

This kind of rock forms a continuous zone, in places more than 1. 5 km. 
in breadth, between the main part of the schist complex and the schist 
belt N. of Lake Pukalanselkä which, with some interruptions, continues 
eastwards beyond the limit of the area mapped. The most typical rock 
consists mainly of sodic oligoclase and quartz with only small amounts 
of dark minerals. It is always plagioelase-porphyritic and sometimes 
also contains quartz phenocrysts 01' accumulations. The foliation seems 
to depend upon local factors, in certain cases the rock being entirely un
foliated. A soda-extreme type near the schist contact S. of Lake Pu
kalanselkä was analyzed (Table V, N:o 14). The extremely low number 
of k is especially to be noted. 

The ground·mass is granoblastic, rich in quartz, and fine·grained (0.1 mm. 
on the average). 

Plagioclase phenocrysts an' 1-5 mm. in length, fa irly woll.shaped, usually 
weakly zoned, and more or loss saussuritized. The composition of the plagioclase 
(by comparing the refraction to that of Canada Balsam) is An I2_ 17 . 

Quartz, in addition to that in the ground-mass, sometimes occurs as oval or 
elongated accumulations (up to 5 mm. in lengt h) which are distinctly coarser-grained 
than the ground-mass. 

Hornblende and biotite form small aggregates and streaks here and there. 
Both are rather pale-coloured, and sometimes considera,bly chloritized. 

Sphene and sometimes calcite aro present as accessory constituents. 
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Farther E., between Lakes Pukalanselkä and Iso Teerijärvi, the 
rock is usuaIly more strongly foliated, and muscovite is observed in 
appreciable amounts associated with biotite or abundantly as an altera
tion product of plagioelase. Hornblende is lacking. At the eastern end 
of the contact zone the foliation is even more distinct having afforded 
opportunities for further secondary changes. Considerable amounts of 
potash felds par are present occurring tagether with quartz in pressure 
minima, within the plagioelase phenocrysts as thin »impregnations», as 
weil as in the ground-mass between other minerals, etc. Epidote and sericite 
are rat her abundant. The composition of the plagioclase is about An 20 

which may indicate a less acid primary composition of the rock; moreover, 
the amount of the dark constituents is somewhat greater and the biotite 
is distinctly richer in iran. Northwards from the schist contact the 
determination of the primary composition is also difficult owing to the 
secondary potash. The purest soda-rich and iran-paar rock seems to be 
limited to the immediate vicinity of the schist contact S. and S. E. of 
Lake Pukalanselkä. North of this lake, rocks of the diorite class are 
predominant, but in certain share eliffs a rock occurs which resembles 
the soda-rich modification. Its porphyritic texture is indistinct, even 
the larger plagioelase crystals are not very well-shaped, and the ground
mass is coarser. Plagioelase (An27 _ 2s) very distinctly predolllinates over 
quartz. Hornblende is lacking, nor is biotite abundant, potash feldspar 
being quite subordinate 01' absent. The rock is thus intermediate between 
quartz diorite and »soda granite». Unfortunately, transition into other 
intrusive rocks could not be studied. Close to the amphibolite belt such 
a rock was not encountered. . 

Oontact relations and some textural features. Along the bOl'ders of the 
soda granite there is usually a broad zone containing abundant xenoliths 
of the country rock. The xenoliths can be very elose one to another up 
to several tens of metres from the coherent schist, and such portions 
have the appearance of an intrusive breccia. However, xenoliths can be 
een almost everywhere within the soda granite belt. 

Many investigators have recorded that the soda granite and its wall
rock can pass more or less gradually into each other. In the Tampere 
area this phenomenon is also very C0mmon. In places, especially N. 'V. 
of Lake Kutemajärvi, it is often almost impossible to distinguish the 
intrusive rock concerned from its wall. This can be due to several reasons. 
Potash metasomatism and associated processes wmch have taken place 
in more sheared rocks have sometimes changed the original compositions , 
so that primarily different rocks have be co me almost similar. Secondary 
structural and textural features , identical in both rocks, have resulted 
from the strang deformation. However, the gradual transition is seen 
in any case, though no d;sIocation and metasomatism have taken place. 
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Fig. 31. Schist penetrated by a vein of »soda granite». The 
upper part is the vein. S. shore of Lake Pukalanselkä, Orivesi. 

Nie. 11, magn. 16 x . 

---

Small veins, penetrating the schist with a parallel structure, also 
show well-developed foliation (Fig. 31), and both rocks resemble each 
other in mineral composition. The difference is sometimes so slight in 
all respects that it can be seen only on the weathered surface, hardly in 
thin section. In general, however, the light minerals are more abundant 
and theiT crystals bigger in the veins. In the case of intrusive rock pre
dominating, and especially when sma.ll separate xenoliths are considered, 
no parallel arrangement is seen in either the xenolith 01' the intrusive 
(Fig. 32). The larger inclusions also have sometimes been completely 
recrystallized and have the appearance of a basic intrusive rock. Their 
core is coarsest-grained, while the grain is much finer at the margins. 

In the schist not primarily porphyritic plagioclase phenocrysts are 
seen within a narrow marginal zone. Where small veins with diffuse 
boundaries cut the schist, the occurrence of phenocrysts in the latter is 
undeniably in connection with the veins. In recrystallized contact por
tions ofthe schist the plagioclase sometimes forms indistinct laths arranged 
at random (Fig. 33). At the borders of the laths so me clea.r plagioclase 
has crystallized, and they are often corroded by qual'tz. Such a texture 
can also be observed in the adjacent vein, but the laths are bordered 
by more abundant new plagioclase, 01' contain intergrowths of it. Further
more, similar pbenomena are seen in the plagioclase phenocrysts of the 
main »granite», especially in the somewhat muscovitized type, and the 
ground-mass also carries two kinds of plagioclase. Hjelmqvist (1943, 
p . 17) has described similar recrysta.llization in the soda granite. 

The contact type of schist (Fig. 33) contains so me small, roundish 
patches with coarser grain, in which the light minerals are enriched. 
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Fig. 32. Contaet between ,)soda granite,) and xenolith. N.\\'. 
of Lake Kutemajärvi, Orivesi. Nie. 11 , magn. 16 x. 

Certain patches contain larger, round grains of quartz, and in place. · 
abundant smaIl, quartz-rich accumulations are seen elose to the veins 
cutting the scmst. It seems as if there were a certain evolutionary stage 
of secondary »quartz porphyritic» texture in question. 

In ms description of this rock Sederholm has already paid attention 
to certain feldspar-quartz intergrowths in its ground-mass, which he 
considered to be a primary micrograpmc texture (1897, p. 120). Such 
a texture is not very common, and the most typical one does not occur 
in the contact zone proper . 
It has always resnlted from 
the intergTO\vth of quaTtz 
and plagioclase, potash feld
spaT being not necessarily 
present, hut other evidence 
of additional materials, such 
as muscovite, is weIl observ
ed. Mainly the new, elear 
plagioelase partakes in this 
process, hut in the well
developed fonnations quartz 
forms intergrowths with the 
phenocTysts of older, altered 
plagioelase as weIl. A »belt» 
of quaTtz inelusions with the 
same optic orientation witmn 
a particular phenocTyst can 
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Fig. 33. Rcerystallized sehist with laths of plagio
clasc near the eontaet of ,)soda granite,). N. of Lake 

Kutemajärvi, Orivesi. Nie. +, magn. 16 x. 
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Fig. 3"*. Quartz inclusions ill plagioclase erys
tals in ,)soda granite,) (see text). E.S.E. of 
Lake Pukalanselkä, Orivesi. Nie. +, magn."*O x . 

continue outside the host min
eral and is found to form a 
similar intergrowth with anoth
er felds par grain (Fig. 34). The 
quartz does not possess the same 
orientation throughout the belt. 
however. 

Many petrographers have dis
cussed the »graphic» texture in 
granites and related rocks. Ac
cording to certain newer propos
als , distinction should be made be
tween the concepts »graphic» (or 
»microgra phic») and »granophy
ric», the latter of which would 
be a more general definition of 
intergrowths (cf. Hjelmqvist, op. 
cit., p. 19); the rat her irregular 
texture described above would 

be refClTed to as granophyric and the rock itself as granophyre. Hjelm
qvist holds that many of the granophyres may be of secondary origin, 
yet different interpretations would be possible in different cases. 
Erdmannsdörtfer (HJ43, 1948) 00ncludes that the quartz-feldspar inter
growths have resulted from corrosion of feldspar by quartz during a 
later, »endometasomatic» stage of crystallization after a previous mag
matic one. Drescher-Kaden (1948) does not accept any magmatic 
crystallization. According to him (op. cit. , p. 239), the silica released 
by epidotization and sericitization of plagioclase replaces felds pars and 
thus builds up the granophyric 01' graphic texture. 

Some comments on the chemical comlJosition are worthy of note. 
The composition of the plagioclase in the xenoliths is identical with that 
in their immediate surroundings where the anorthite percentage is thus 
comparati;-ely high (An 25_ 30)· In the pure soda granite with a few xeno
liths the plagioclase is distinctly poorer in anorthite (An

12
_

17
). Further

more, the surroundings of the xenoIiths are richer in hornblende and 
biotite than the rock farther outwards. Especially when small diffuse 
veins penetrate the basic country rock, the veins also are fairly basic. 
The soda granite containing abundant schist inclusions is more basic 
throughout than usual. Hornblende and biotite, although diminishing 
in quantity, are present in the intrusive in approximately the same relative 
amounts as they are in the bounding schist. The pale colour of the mafic 
minerals , especially that of the hornblende, which is most striking in the 
rock poorest in these constituents, gives an idea of their richness in 
magnesia. This is also indicated by the number of mg unexpectedly high 
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for such an acid rock. The same feature was observed, for instance, by 
Sundius (1926, p. 35 and 39) in some plagioclase-extreme aplite granites. 

The soda-rich margins of granodioritic and related massifs may have 
aroused more speculation than all other intrusive rocks except micro
cline granite. Before the general discussion (p. 70) of the intrusives treat
ed !1bove, therefore, some of the different interpretations will be quoted. 

Magnusson (1937, p. 529) considers the soda-rich marginal facies 
to be a differentiation product of the so-called urgranite (= primordial 
granite). According to Sundius (1926) there is differentiation of a granitic 
magma in question, through which part of the resulting rock becomes 
soda extreme, 01' direct differentiation of a magma originally poorer in 
potash (granodioritic). But when there is a soda granite bordering soda
extreme leptite, he is inclined to explain it as having resulted from the 
melting up of the country rock. Sederholm who first described this rock 
in the Tampere area (1897 ; 1913) may not have paid attention to its 
richness in soda, and was mainly interested in its textural features. He 
regarded it as having crystallized from the chilled outer part of the 
intruding magma, and the fine grain and the porphyritic as weIl as the 
granophyric texture would be due to the rapid consolidation. Many 
objections can be raised against this explanation. The transitions between 
the intrusive and the basic country rock, and the recrystallization phenom
ena in the latter are to be noted, for example, and the strong contact 
influence of the small veins could hardly be understood in the case of 
a rapidly-cooling acid magma. Suggestions of the secondary nature of 
the granophyric texture were quoted above. According to Eskola (1932 cl , 
the late-magmatic addition of soda (soda-autolyse) accounts for the 
composition of the border variety, and a similar idea has been expressed 
by Geijer (1929). However, this does not sufficiently explain the fusion 
phenomena of the country rock. Hjelmqvist (1943) regards the soda 
granite as an original soda-rich leptite gradually granitized bythe urgran
ite. Such an explanation may bettel' correspond to the observations in 
the TampeI'e area, if applied to the cases of more basic country rock. 
In the opinion of Backlund (1938, p. 192) the marginal variety has origi
nated from any kind of rock in the border zone through alkali metasoma
tism, but Backlund holds that even the urgranite has resulted from a 
similar introduction of »alkali emanations» (op. cit,). Reynolds (1944) 
maintains that trondhjemitic rocks may represent an intermediate stage 
in the transformation of hornfels into granodiorite by Na, Ca, Si meta
somatism and that the formation of oligoclase porphyro blasts is character
istic of that stage of transformation (op. cit., p. 233). Lastly, Dunn 
(1942 , p. 235) believes that aqueous solutions migrating outwards from 
the main zone of granitization may give rise to soda granite, if soda is 
sufficiently available in the permeated rocks, 



68 Bulletin de la Commission geologique de Finlande N: 0 153. 

:v.fICROCLINE GRANITE, APLITE, PEGMATITE 

All deeply eroded district· offer plenty of evidence of granitization, 
that is to say, of metasomatic transformation of older rocks into granite. 
This is also true of the Tampere area, especially of the north side of the 
schist belt. But as in an plutonie terrains, one mayaIso see granites 
that behave quite intrusively in the strict sense of the word. There are 
thus »granites and granites» in the sense of Read (1944, 1948 a). The 
last-mentioned category is the subject of the present chapter, whilst the 
metasomatic granites, as weIl as the whole concept of »granite», are 
preferably discussed in another connection, however unwise such a dualism 
may be. Some comments on the nature of granitic intrusions will be 
added. 

The occurrences of this microcline granite are scattered in the area 
W. of Lake Pukalanselkä. The bosses are never more than 200-300 m. 
in diameter and usually irregularly shaped 01' roundish, 01' there are large 
dikes cutting the older rocks in different directions. A slight foliation is 
sometimes seen, probably due to later cataclasis, and the texture is more 
01' less typically granoblastic. An analysis is presented in Table V, N:o 15. 

Quartz is often unevenly distl'ibuted forming irregular patches of larger grains. 
Microcline occurs as small grains between other minerals as weIl as abundant 

larger ones which may show some crystal shape. It is unaltered, usually distinctly 
cross-hatched, and sometimes contains thin perthite streaks. 

Plagioclase forms xenomorphie grains whose boundaries against microclinc are 
often cOlToded, while well-developecl myrmekite has been formed. The composition 
of thc plagioclasc is An15_ 17 (ß ~ N of Canada Balsam and the max. ext. angle 
= 4°). 

Biotite is fairly sub ordinate. Epidote, sphene, and iron ore are present as 
accessory constituents. 

Many occurrences are still poorer in mafic components and some
times rat her coarse-grained. In that case, microcline becomes more and 
more predominant, plagioclase is albite 01' albite-oligoclase, and the micas 
are quite subordinate. Almandite and allanite may occur as accessories. 
The more the microcline is enriched, the larger and better-sha ped are 
its crystals, whereas the plagioclase grains are more and more corroded 
and destroyed (Fig. 35). The plagioclase crystals enclosed by microcline 
are often completely myrmekitized. It seems evident that the microcline 
replaces the plagioclase. 

Certain dikes of more fine-grained aplite proper are muscovite-bearing, 
and do not display replacement phenomena nor myrmelüte. They may 
have crystallizeel at a lower temperature. 

Besieles the microcline-rich aplitic varieties there are also dikes anel 
small bosses of aplite rich in oligoclase (An 15_ 2o)' Microcline is often 
quite sub ordinate to oligoclase anel quartz, whereas biotite has some
what increased. Transitional forms between both varieties are also ob
serveel . 
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At the western end of 
Lake Pukalallselkä there is 
a large stock of eoarse
grained pegmatite. It is a 
simple pegmatite, mainly 
composed of large erystals 
of mierocline (up to 6 em. 
in diameter) with some mus
covite. Certain parts are rich 
in quartz and may pass over 
into pure quartz. The pegma
tite is situated in a erush 
zone parallel to the east-west 
strike, and it penetrates an 
associated Ihierocline aplite 
with sharp boundaries. It 
thus apparently represents 
the last stage of intrusion 
in the area. 

More 01' less granitized 

Fig. 35. Coarse-grained microcline granite with lIlyr
mekitized plagioclase. W. end of Lake Pukalanselkä, 

Orivesi. ~Iagn. 6 x . 

walls are eharacteristic of most of the intrusive granites and aplites, 
and distinetion between »intrusive» and »metasomatic» is not always 
easy. 

An ardent disputation is going on about the causality of the processes 
of intrusion and soaking. The rat her reasonable conception of granite 
magma causing granitization needs no commentaries in this place. But 
several modern petrographers hold that soaking by granitizing liquids 
01' emanations under fayourable physical conditions is the primary proc
ess, and that the intrusive stocks of granite are but an effect. Dunn 
(1942) suggests that a complete fluidity ean be aehieved secondarily 
and that the resulting material has all the properties of a magma proper. 
Radioactivity would be the source of the energy required. \Vegmann 
(1931, p. 58) believes that soaking may gi,-e the soaked mas · the power 
of movement , and an intrusion may result if that occurs with resistant 
walls. Read (1948 a, p. 16) does not propose »magma» but instead some 
mashes of crystals and liquid. ,Yegmann (1. c.) considers the pegmatite 
dike to represent that part of the granitizing solutions which crystallizes 
in opened spaces arising in the permeated mass ; furthermore , Reacl 
(1944, p. 90) admits that some sm a 11 granites may have crystallizecl 
from migma, some others even from magma. On the other hand, some 
of the advoeates of igneous magma have also modified its definition as 
a completely fluid melt (e. g., Shand 1948, p. 138; Erdmannsdörffer 
1948, p. 245). Shand says that the magma is a three-phase emulsion 
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consisting of crystals and two liquids one of which is an alkali ne solution. 
Infiltration and forceful injection may thus proceed hand in hand. We 
shall return to these subjects later on. 

The intrusive granites in the area concerned, of whatever origin they 
may be, are in rather elose connection with the metasomatic granites 
and do not seem to be essentially different in age. Thus all the granites 
are probably of one connected origin in any case. 

DISCUSSIO T 

The chemical compositions of the intrusive rocks analyzed are pre
sented graphically by means of Niggli diagrams in Fig. 36. The result 
is rather irregular and unusual. Only c and alk showanormal develop
ment, though c decreases only slightly with increasing si. The values 
of al and Im are fairly variable at the basic end, and Im is somewhat 
abnormal in other respects also. The curves of k and mg are most irreg
ular, although the steep rise of k against the value of si = 220 may be 
ascribed to the granitization of the rock concerned (p. 59). The figures 
of mg are highest in the most acid rocks with considerable or abundant 
free silica. On the other hand, certain representatives of the diori.te 
elass show unexpectedly low values of mg, and the poverty in magnesia 
in most of the diorites and gabbros is also distinctly indicated by the 
calculated compositions of the hornblende (Table VI) and the biotite 
(p. 58). As weIl known , the ratio [FeO] : [MgO] in the above minerals 
in such rocks , if they are magmatic differentiates, should be less than 
] : 1 on the ayerage , so the deviations observed are remarkable. A high 
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the intrusives of the north ern side, excepting the microcline 
gra nite. 
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content of Al replacing Si in hornblende does not seem to influence 
essentially the refractive indices, as, for instance, the analysis in Table 
VII shows the same ratio [FeO] : [MgO] as can be estimated from the 
refraction according to Winchell's diagram (1933). 

It is difficult to see any model example of crystal differentiation in 
the above diagram. A furt her significant fact may be presented, namely, 
the ratio quartz: feldspar as compared with the amount of the dark 
minerals in the series from plagioclase-rich diorite to granodiorite (Table 
V, N:os 11-13). The more there is quartz in relation to feldspar the higher 
is the percentage of hornblende and biotite, i. e., the colour index, whilst 
the relation should be the reverse in an ordinary series of differentiation 
(cf. Rudolf Wager 1937, p. 14). 

The contact relations, especially those of gabbro and diorite , show 
that materials of the country rocks have been mobile and modified the 
intrusive part, and that mobilization and thorough recrystallization of 
the schists have produced gabbroic rocks not distinguishable from igneous 
ones. Several points in the foregoing chapters suggest that distinction 
between »intrusive rocks» and »metamorphic» 01' »nletasomatic rocks» is 
not at all obvious. In this contact zone we are apparently dealing with an 
ultrametamorphism the effects of which may be very significant as to 
the evolution and composition of all the intrusive rocks considered. 

There are several descriptions of similar phenomena in the geological 
literature. The modern German school frequently emphasizes the con
vergence of magmatic and metamorphic. The so-called transformists 
who allow little 01' no significance to the magma do see in all igneous 
rocks a result of mere rock transformation. If there is magma, it is but 
secondary. »They hold in common that regional metamorphism and 
·igneous' activity are genetically related» (Read 1948 b , p. 196). 

In Finland attention seems to have been paid rat her scantily to the ·e 
subjects. Judging from the old explanation to the map sheet of Tampere 
(Sederholm 1913, pp. 91-93) , however, the phenomena concerned are 
quite general along the northern boundary of the whole Tampere schist 
belt . Sederholm has noted assimilation, recrystallization of the basic 
schist into dioritic rocks often with coarse grain and lath-shaped horn
blende, and formation of plagioclase porphyroblasts. Mäkinen (1916. 
pp. 57 and 90- 91) describes certain phenomena of contamination in 
more detail. Hietanen (1947 , p. 1070) mentions that intense recrystalliza
tion of porphyrites and leptites may give rise to rocks like gabbro , trond
hjemite, 01' granite. Mter the recent revision of the Tampere area by 
the Geological Survey of Finland transitions from plagioclase porphyrite 
into quartz diorite are recorded in the explanation to the map sheet of 
Ilmalinen (in print). In these and other descriptions, however , the question 
is seldom discussed in detail. 

Let us cite some foreign papers. 
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Around a massif of quartz diorite in Idaho, Johnson (1947) observed 
various gneis ses similaI' to plutonic rock in composition and texture 
but evidently of sedimentary origin. He concluded that the sediments have 
been altered by the hydrothermal solutions from the igneous quartz diorite. 

Drescher-Kaden (1936) suggests that supraCl'ustal rocks metamor
phosed at great depths become plutonic-looking by recrystallization and 
associated migration phenomena, 01' give materials to new true magmas 
through assimilation. The primary heterogeneities of rocks, as weIl as 
those due to tectonic agents, would involve metamorphic differentiation 
at deep levels. Drescher-Kaden describes diorite veins which have appar
ently been squeezed out from their country rock. He says that all the 
marks of primary-magmatic crystallization are often seen in the re
crystallized portions of schist, but the sequence of crystallization of the 
main minerals can be variable indicating irregular variability in the 
available constituents, a feature unusual in the consolidation of a magma. 

The idea of the mobilization of non-magmatic bodies suggested by 
Drescher-Kaden is similar to the opinion of certain transformists con
cerning the nature of intrusive granites (p. 69). Some migration of ma
terials and favourable physical conditions would be required to render 
the rocks mobile. Joplin (1939, pp. 101-02) seems to think somewhat 
similarly in certain particular cases, but it must be emphasized that she 
does not at all propose the idea of such a rheomorphism in general. Accord
ing to her, amphibolite may be recrystallized into coarse diorite-like 
rock by volatile-rich soda-silica solutions in astate of tension. The 
presence of volatiles would involve a coalescence of hornblende into 
large crystals. 

Erdmannsdörffer has published several excellent studies on the ultra
metamorphic evolution of intrusive rocks. He interprets migmatic dio
rites as follows (1947, pp. 81-84): The migmatite consists of a mash 
of crystals and liquid the chief part of which is external and magmatic, 
and of more 01' less solid materials from basic walls. The formation of 
mixed rock is advanced by penetrative movements between resistant 
walls. The inclusions change into spots and schlieren of hornblende, 
but there mayaiso be sharp fragments which indicate the migmatite to 
behave like a magma (op. cit., p. 73 and 78). Cf. also a study of granite 
(Erdmannsdörffer 1948, pp. 221-23, Figs. 3-5 and 11). If »thermic 
01' tectonic energy» is added, the migmatite passes into a homogeneous 
intrusive mass (1947, p. 84), and the texture approaches more and more 
that of magmatic rocks. (Reynolds, in desCl'ibing her igneous-like trans
formed rocks, suggests that true magmas may result in the same way 
»if sufficient energy is available» - 1944, p. 238. The source of this 
energy is not considered.) But, Erdmann dörffer goes on, diorite can 
certainly be formed also in situ from amphibolite 01' hornfels, though 
only locally. 
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Smulikowski (1946, p. 262 sqq.) writes: Close to palingenic granite 
masses, the basic parts of older rocks also begin to show indications of 
granitization and migmatization (recrystallization; mineral 01' structural 
transformation by the action of heat and of the remolten medium; veins, 
injections, and )>nests»). Smulikowski calls the rearranged country rocks 
»lipotectites», and the process is »an ultrametamorphic reconstruction in 
the solid state». The most altered lipotectites, termed »metatectites», 
nearly correspond to Scheumann's (1936) »metatexites». The deeper the 
level, the more completely disappears the primary structure of the lipo
tectites; these become more and more basic, and the adjacent palingenic 
rock (»palingenite») increases and is more and more enriched in cafemic 
constituents. This highly contaminated rock is called »diachyte». The 
contamination is not due to melting of those constituents (cf. Bowen's 
theory of assimilation) but to diffusion in solid and mechanical dispersion 
of loose crystals (cf. Nockolds 1933). The stage of anatexis may be 
followed by differentiation of the resulting palingenic magma 01' crystal 
suspension by squeezing, etc., which may give rise to various series of 
intrusive rocks. 

Koch, in his investigation of metatexites (1939), describes processes 
comparable with the formation of diachyte suggested by Smulikowski. 
He notes that plagioclase in the dispersed remainders of amphibolite is 
considerably enriched in anorthite. 

The geologists, when speaking about »intrusion», always meet with 
the problem of the space required by their intrusions. The discussion 
of granite is the main milieu for dispute about the space problem, but 
this is of general significance as weIl. When the transformists use it as 
argument against the magmatists, it may be said with Bowen that »ma
terial pushed up chemically occupies just as much room as the same 
material pushed up mechanically» (1948, p. 88). Many intrusions may 
be explained by assuming some »opened spaces», but if one supposes 
extensive intrusives to exist, such an explanation is hardly applicable. 
Drescher-Kaden (1936) offers a rather reasonable solution of the problem: 
the parts of the crust pushed aside during intrusions can rise upwards 
only to a limited extent, so they must sink downwards into zones where 
they are subjected to thorough rearrangement , and new magmas are 
formed at their expence. 

Many petrographers haye described the formation of plagioclase 
porphyroblasts during ultrametamorphism, metasomatism, 01' meta
morphic differentiation (McCallien 1934, Cheng 1944, Reynolds 1944, 
Smulikowski 1946, Erdmannsdörffer 1947, etc.). It may be ascribed to 
different reasons in different ca es: to the coalescence of existing constit
uents according to Eskola's (1932 a) concretion principle (McCallien); to 
the introduction of Na, with 01' without Ca (Cheng, Reynolds). Reynolds 

10 1172 /51 
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(op. cit., p. 233) suggests that the formation of porphyroblasts is charac
teris~ic of all rock transformation under its initial stage. 

The classical studies of veined gneiss by Sederholm and Holmquist 
are well-known. They represent the two main principles of interpreta
tion: according to Holmquist (1907), the veins are exclusively »venitiC» , 
i. e., products of segregation; Sederholm (1907) considered the veins 
due to magmatic injection and introduced the term »arterite». Nowa
days, such a contradistinction looks rather academic, because both 
types may exist as wen. In 1926, Sederholm himself admitted that the 
principles are not very far from each other (op. cit. , p. 137). Both speak 
about palingenic vein material, but Holmquist holds that it is in situ , 
Sederholm that it is not. Most modern petrologists, indeed, appeal' to 
prefer the theol'Y of segregation to that of injection. In addition, Holm
quist 's primary conception of m erely pegmatitic and aplitic veins has 
been much enlarged. 

In interpreting the venites, several investigators have applied Eskola 's 
theories of differential anatexis (1933) and metamorphic differentiation 
(1932 a; 1939, p. 405). Holmquist early premised the conception of 
differential anatexis in his »pegmatite palingenesis» (1920, 1921), and 
later it has been supported especially by the modern Germans (Wager 
1937 and 1938 a - c, Erdmannsdörffer 1938 and 1947, Wimmenauer 1950). 
Erdmannsdörffer suggests, too, that migration of material according to 
Eskola's »principle of solution» may be of significance (1938, p. 20). The 
German authors, and several others, frequently accentuate p e n e t I' a
t i v e mo y e m c nt s as an important advancer of segregation. Kranck 
(1931, p. 93) and Waltel' Schmidt (1932, p. 182) have suggested that 
the mechanical sorting is the only essential factor in the formation of 
banded gneisses: the regroupment of material into different bands would 
be due to the different capacities of translation of minerals under de
formation. The heterogeneities caused mechanically may be furt her in
creased by concomitant magmatic injections along the planes of differential 
movements (Wenk 1937, p. 87), 01' by pore fluids drawn into the zones 
of high shearing stress (Turner 1941 , p. 14). Also Eskola (1939) accepts 
the mechanical sorting as a factor in the process of metamorphic differen
tiation. We might summarize, according to the above-cited authors in 
common: the formation of veined 01' banded gneiss and the metamorphic 
differentiation are inseparably associated with each other; the segrega
tion due to differential anatexis is an essentially similar process; the 
introduction of material (and the corresponding extraction of other) 
only accents the heterogeneities caused by internaioperations. 

Many geologists of to-day may support quiet diffusion as the mech
anism of veined structure, because older structural features may have 
been preserved in fairly heterogeneous gneisses. Obviously, that is not 
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always the case. The vein material may acquire more 01' less »magmatiC) 
properties, wh ether this is due to internal 01' external fluids , 01' to tectonic 
agents , 01' to both (the above-cited works of Wager, Erdmannsdörffer, 
and Wimmenauer; Wegmann 1931, Drescher-Kaden 1936, etc.). 

The composition of the segregations, of course, depends on that 
of the parent rock to a considerable degree. For instance, anatectic 
segregations (»ectects» of the Germans) from biotite-plagioclase schist 
(Erdmannsdörffer 1947, p. 68) were found to be quartz dioritic, whilst 
those from amphibolite (Koch 1939) may approach an anorthositic 
composition. 

Last, let us look into the theory of Kennedy and Anderson (1938) 
with some applications to the suggestions of anatexis and ultrameta
morphism quoted in the foregoing. Thereafter we may proceed to some 
te.ntative thoughts in the present matter. 

Kennedy and Anderson set forth as to the origin of the phltOniC 
rocks that there is a universal granodioritic parent magma which has 
resulted from the remelting of the sialic crust. Contamination of this 
magma during its slow rise is of importance in forming different deriva
tives from it. 

It seems evident that local differences in the composition of the crust 
may give rise to local variations in the resulting pa.lingenic magma (cf. 
Dunn 1942, p. 237) . Smulikowski's (1946) »palingenites», when developed 
in an environment basic enough , may be , e. g., tonalitic in composition, 
and they are suggested to become still more basic at deeper levels. Erd
mannsdörffer has once wondered: »Ist aller Diorit nur verwandeltes Alt
materiaH» (1947 , p . 84) ; he also appears to have considered certain 
syenites to be palingenic (cf. Wager 1938 b , p. 42). Koch (1939) suggests 
that primarily acid magmas contaminated by basic material at greater 
depths may have been pushed up as dioritic intrusions. 

It seems to the present author that the intrusive rocks considered in 
the preceding chapters have originated from pre-existing solid material 
parts of which have been mobilized anatecticaIly. In general, the 
palingenic material is probably not in situ , but the small dioritic patches 
and »impregnations», at least , prove that an anatexis may have taken 
place also at this level. The »palingenite» , to use Smulikowski's term, 
may have been modified by contamination, and various kinds of rock 
have thus been produced. 

As to · the composition of the primary uncontaminated palingenic 
material, the author would like to suggest that it may not be very far 
from that of the plagioclase-rich diorite (Table V, N:o 11). Thus it would 
have contained alkalies (predominantly Na), Ca, Si, Al, and Fe (with 
a little Mg), a composition quite possible according to the suggestions 
of partial anatexis cited in the foregoing , as weIl as to the author 's own 
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observations of veined gneiss and venitic patches . A rat her basic ancestry 
is to be supposed. The mobilization of considerable amounts of Al is 
often denied (cf. Lapadu-Hargues 1945, p. 306). However: the »ectects» 
containing sillimanite, disthene, almandite, and cordierite (Wager 1937 , 
pp. 7-8, and 1938 a, p. 31; Erdmannsdörffer 1938, p. 19), the disthene
muscovite pegmatites (Karpoff 1946), the many well-Imown granites with 
garnet 01' cordierite in the Svecofennides, etc., indicate that Al is weIl 
able to migrate, in whatever way this may happen. 

The plagioclase-porphyritic contact variety of scmst enriched in 
biotite and quartz might be explained by an influx of K, Si, and some 
~a; the striking poverty in K of the feldspar-rich dioritic intrusiyes 
might be ascribed to the removal of this constituent. The ratio [FeO] : 
[MgO] is distinctly in favour of [FeOJ in the plagioclase-porphyritic variety 
(Table VI, N:o 6), whilst the relation is the reverse in the gabbroic rocks 
explained as being recrystallized basic scmsts (Table VI, N:os 1 and 7). 
It thus seems as if Mg would have been removed farther from the contact 
for so me distance. Apart of Ca which has been released from biotitized 
hornblende has, perhaps, migrated together with Mg and caused some 
enrichment in hornblende in the respective »gabbros». Thus there woulcl 
be certain »basic fronts» in question, and the gabbroic central parts of 
the inclusions (p. 56) would be in a sense comparable with the »basifiecl 
cores» suggested by Reynolds (1946, p. 434). 

The primary »palingenite», having been contaminated by material of 
the plagioclase-porphyritic contact modification, may pass over into 
quartz diorite. If unchanged basic schist material is added, too, more 
and more basic rocks may result wmch would correspond to the homog
enized dioritic and gabbro-dioritic migmatites of Koch (1939) and Erd
mannsdörffer (1947). By later introduction of potash and silica (advanced 
by rather strong penetrative movements) these would have been changed 
into granodiorite. It is worth noting that the granodiorite is the most 
gneissose of all the intrusives concerned. 

Obviously, many points would still require additional field explora
tions and much chemical investigation. 

The veins of the veined gneiss are no doubt to be regarded as venitic 
segregations, and the formation of veined gneis may be subsequent to 
that of the above-treated rock complexes. During the development 
and contamination of the intrusives, penetrative movements have been. 
in general, of no considerable significanre, whereas the distinct foliation 
and parallel arrangement of the components of veined gneiss indicate 
different conditions; the richness in biotite suggests a preceding introduc
tion of potash, too. Holmquist early held (1907) that magmatic assimila
tion and associated phenomena would be of older age than the segrega
tion of veins. However, different processes may partly overlap each other. 
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As regards the soda granite, many correspondences to the rocks N. 
of Lake Paarlahti may be noted as to the composition as weil as to the 
contact relations . Yet there is a fundamental difference, namely, the 
high figure of rng. For the present, the significance of this difference 
cannot be explained. 

THE V ÄRMÄLÄ GRANODIORITE AND ASSOCIATED INTRUSIVES 

A fairly large, roundish intrusive massif, ab out 8 km. in diameter , 
extends across the boundary between the parishes of Teisko and Aito
lahti. It consists mainly of granodiorite and granite, with sub ordinate 
basic rocks, apart of which occurs as small separate massifs. The rocks 
are by far more homogeneous in structure than are those of the northern 
side. 

THE VÄRi\1ÄLÄ GRANODIORITE 

Almost the whole of the massif consists of grano diorite , although 
considerable parts of it have been influenced by granitization. The rock 
is usually very slightly foliated, with the exception of the border zones , 
especially in the west. Dark, rounded , biotite-rich inclusions are en
countered , most often in the vicinity of the contact. 

Large areas in the northern and eastern parts of the stock are very 
homogeneous showing the following mineral composition and textural 
features: 

The texture is hypidiomorphic and somewhat porphyritic. No parallel textura 
iti visible under the microscope. 

Plagioclase forms well-shaped, distinctly zoned crystals. The composition 
varies between An 25 and An lO (by comparing the refractive indices to those of 
Canada Balsam and quartz). 

Quartz tends to occur as agranulated mass between the other minerals, and 
as larger accumulations in places. 

Microcline is not yery abwl.dant and usually occupies an interstitial position 
as small crystals. Some much larger, xenomorphic grains are observed, and in 
connection with these replacement of plagioclase is seen. A slight formation of 
myrmekite can be found in a few cases. 

Biotite is often partly chloritized, and appr eciable amounts of epidote are 
met with in association with it, as weIl as a very few small crystals of hornblende. 

The chemical composition of the rock is presented in Table VIII, 
N:o 17. 

The rock in the shore cliffs of Lake Pulasjärvi has been fairly strongly 
deformed, obviously representing a crush zone. Biotite has been entirely 
chloritized, and in the interspaces and abundant cracks are considerable 
amounts of chlorite, calcite, and epidote. The analysis of the rock (Table 
VIII, N:o 18) shows a slight ly more basic composition than that of the 
main type. 
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Table VIII. Analyses of the intrusives of the Värmälä and 
southern massifs. 
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17. Granodiorite. E. end of Lake Sisällyspohja, Teisko. Analyst M. Mäntynen. 
18. Granodiorite. E. shore of Lake Pulasjärvi, Teisko. Analyst V. Leppänen. (P 205 has been 

determined by M. Mäntynen.) 
19. Diorite. 2 km. N. of the south-eastern end of Lake Pulasjärvi, Teisko. Analyst M. Män

tynen. 
20. Porphyritic granite. 2.2 km. E. of the southern end of Lake Kutemajärvi, Orivesi. Analyst 

:11. Mäntynen. 
21. Granite. S. of Lake Peurnajärvi, at the boundary between the parishes of Kangasala ami 

Aitolahti. Analyst J. Seitsaari. 

The chemical composition of the Värmälä granodiorite is almost 
similar to those of two granocliorites in the Aulanko area (Sirnonen 1948, 
N:os 7 and 11 in Table II, pp. 22-25). N:o 11 of Simonen represents 
a gneissose variety of the )Aulanko granodiorite) which is a similar round
ish and for the most part very slightly foliated massif. Neuvonen de-
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scribes a granite greatly resembling the Värmälä granodiorite in his un
published study (1946) of the area immediately W. of Lake Näsijärvi. 
The composition of this rock differs from that of tbe Värmälä grano
diorite only in the considerably higher content of potash, through which 
it has become granitic. 

Southwestwards the Värmälä massif gradually becomes slightly more 
basic, as indicated by the increasing amount of hornblende and of an
orthite in the plagioclase. The following compositions were uetermineJ 
for the plagioclase in a specimen E. of Lake Iso Lumajärvi: the kernel 
up to An 34; the shell An 20_ 24 . The increasing basicity, however, has 
been largely eliminated by granitization which increases westwards. 
Local granitization is also observed in the immediate vicinity of the 
contact N. W. of Lake Pulasjärvi, where crushing of the rock has afforded 
opportunities for it, but in the western part of the massif it is quite general. 
More and more abundant porphyroblasts of microcline appeal' , and an 
increasing replacement of plagioclase has been caused by the increase of 
potash. The granitization seems to be in connection with a more distinct 
foliation of the rock. In the western border area there is true microcline 
granite. The alt.ered rock sometimes contains appreciable amounts of 
allanite. The allanite crystals mostly displaya metamictic decomposition. 

At the boundaries , especially in the S. W. and S., a reddish aplitic 
variety is frequently met with, often forming a zone more than 100 lll. 

in breadth and sometimes grading into pegmatite. Farther from the 
contact the aplite seems to pass over into the granitized main rock. 

Subordinate, fairly fine-grained and more distinctly porphyriti c 
marginal modifications are encountered in the southwestern border of 
the massif. S. E. of Lake Iso Lumajärvi such a rock forms a small lelU; 
situated between gabbro and phyllite. It does not differ very greatly 
from the granitized main type of this part of the massif, excepting in 
grain size and a few definite phenocrysts of plagioclase. The other 
occurrences are veins in »leptitic phyllite» , or in fine-graineel »arkose 
gneiss» , fragments of which are encountered in the veins , and gradual 
transition into the wall-rock is sometimes in evidence. Plagioclase pheno
crysts (An 20) , several mm. in length and showing no zonal texture , lie 
in a fine-grained (0.10-0.15 mm.), granoblastic grounel-mass. Onl," 
thin »impregnations» of microcline are 0 bserved, whereas l11uscovite is 
present in abundance. Granophyric intergrowth of plagioclase and quartz 
is sometimes seen, and tourmaline is met as an accessory constituent . 
The mineral composition greatly resembles that of the bordering »arkose 
gneiss» , and, on the other hand, many of the textural features are similar 
to those of the soda-rich marginal variety of the nortllern massif. 

On its northeastern siele the roundish stock of the Värmälä grano
diorite penetrates the country rock trans verse to the bedding aneL 
schistosity. There are no apophyses aneL no schist xenoliths. Other 
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boundaries are rather concordant, and the occurrence of xenoliths and 
even large apophyses is especially common in the southwestern corner. 
Noticeable contact influence was only ascertained in the phyllite S. E. 
and S. of the massif, where sericitized pseudomorphs (probably after 
andalusite) are found, occasionally more than 100 m. away from the 
contact. 

DIORITE AXD GABBRO 

The largest mass of basic igneous rocks is situated immediately south 
of the Värmälä granodiorite, between this and the schists. The occurrence 
forms an elongated lens , 2.5-3 km. in length and about 600 m. in breadth. 

The gradual basification of the granodiorite in its southwestern part 
does not directly lead to these more basic rocks. When visible, the 
boundary between the granodiorite and the gabbro and diorite is distinct , 
and the latter rocks are often penetrated by veins of granodiorite. The 
southern and western parts of the lens are the most basic, though irregular 
variations in compo ition are also 0 bserved. In general, the rock is fine
grained, mostly somewhat porphyritic with hornblende phenocrysts, and 
heterogeneous in structure to some degree. The southern part especially 
is very strongly foliated. »Typicah gabbro or diorite are rat her rare. 

The best-developed gabbro is rather ophitic in texture. 
Hornblende is pale greyish green and most oUen polysynth€'tically twinned 

aecording to the uugi te la w. The extinetion angle y 1\ e is 17° ± 2°, and a' = 1. 654. 

1" = 1. 673. 

Plagioclase is idiomorphie alld clistinctly twinned. The eomposition is ab out 
An50 (a' ? 8 of quartz, anel the max. ext. angle = 28°). 

Oxidie ore is abundant. and most of the biotite of the rock has crystallized 
around the ore grains. 

Some quartz oceurs in the interspaces of other minerals, and apatite i8 present 
in eonsiderable amounts. 

East of Lake Pulasjärvi is another lens-shaped occurrence, about 
1 km. in length, and consisting of diorite. The rock is fairly homogeneous, 
excepting certain zones parallel to the foliation, in which a strong de
formation, perhaps, has produced heterogeneity. 

The plagioclase crystals are ieliomorphic in relation to the dark minerals, usuoJly 
weakly zoned, and largely serieitized and epidotizecl. The eomposition varies 
between An 35 and An 40 approximately. 

Hornblende is often rat her brown-coloured. Th€' kerneis of eertain grains 
have reerystallized into a mass of smalI, lath-shaped crystals, and eontain some 
prehnite. In a few eases lighter-eoloured kerneis are observed. 

Biotite i8 partly ehloritized. In association with it are grains of titaniferous 
iron ore with leueoxene rims, and sagenite needle . 

Considerable quantities of quartz oeeur between the other eonstituents, and 
apatite and a little garnet are aeeessory. 

The chemical analysis of the rock is presented in Table VIII, N:o 19. 
The composition is similar to that of the peleeitic magma type according 
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to Niggli (1923), though k is too high and mg too low. In comparison 
with the rocks of the northern massif, this diorite is somewhat related 
to the cummingtonite-bearing gabbro-diorite (Table V, N:o 10). 

In the western part of the parish of Aitolahti there are so me very 
mall basic bosses (some tens of metres in diameter as a rule), the farthest 

of which is situated about 4 km. S. W. of the Värmälä massif. 
Certain phenomena at the boundaries of the above-described rocks 

suggest that they might have originated in part ~hrough the mobilization 
of the materials of their wall-rocks. Their mode of occurrence in associa
tion with and as cont.inuations of intermediate and basic schist beds 
also supports such an idea. In the only locality where a contact between 
the diorite E. of Lake Pulasjärvi artd its walls is seen, abasie plagioclase
porphyritic schist passes quite gradually into diorite. Amphibolite 
occurring elose to granodiorite W. of Lake Pulasjärvi is also found to 
pass into rock similar to diorite 01' gabbro, whilst further transition into 
granodiorite is not 0 bserved. In the southern marginal part of the basic 
lens S. ofthe Värmälä granodiorite the rock resembles schist in appearance, 
and among others baneled structure can be seen. It seems rather probable 
that the ultrametamorphie processes discussed in the last chapter of the 
previous division (pp. 70-77) have also been acting here, but the homog
enization of rocks is still less complete and the similarity to true »igneous» 
rocks is often slight. As regards the small basic stocks S. W. of the main 
massif, they do not show any genetical relation to their argillaceous 01' 

arenaceous wall-rocks, and usually penetrate the latter guite transversely. 
They are no doubt real intrusives. 

THE SOUTHERN MASSIF 

GRANITES 

South of the schist complex porphY1"itic granite is by far the most 
widely distributed rock and extends from Lake Pappilanselkä to the 
northwestern border of the parish of Kangasala. In addition, in the 
southern part of Aitolahti, be~ween the areas of mica schist anel veined 
gneiss, there is another occurrence of similar granite forming a narrow 
lens, about 7 km. in length. 

The chemical and mineralogical composition of this granite is present
ed in Table VIII, N:o 20. They are not in elose agreement with those 
of a typical granite. The high excess of alumina is especially conspicuous 
and the content of silica is comparatively low. On the basis of the great 
amount of potash, the relative quantities of alkalies, and fm/alk < 1, 
the rock is to be linked to the granites. Neuvonen, in his unpublisheel 
investigation (1946), has described a fairly similar but granodioritic 
rock occurring as a roundish massif within the schist complex N. W. of 

11 1172/51 
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Tampere. Its main components are as follows: SiO z 62.57, Al z0 3 16.1i!, 
Fe 20 3 0. 81, FeO 5.65, MgO 2.15, CaO 3.50, NazO 3.06, and K 20 3.23. 

Of these two rocks the granitic one is closely related to an »impure» granite 
presented by Erdmannsdörffer (1948, p. 239). Erdmannsdörffer holels 
that sedimentary material has partaken in the formation of such a granite. 

The rock is fairly coarse-grained. The size of the feldspar phenocrysts 
varies from 1 X 2 cm. to 2 X 4 cm. approximately. The foliation is 
weakly developed, but mechanical deformation is common near the 
boundaries. 

Tbe plagioclasc erystals, the sma,Her on es as well as the phcnocrysts, are rather 
idiomorphie and weakly zoned as a rule. The composition varies in different spee
imens from An 20 to An 28 (by comparing tbe reh'action to tbat of Canada Balsam 
and quartz). 

Abundant quartz tends to oceur as aeeumulations. 
Large erystals of mieroelinc 'om etimes enelosc plagioclase and well-doyC'loped 

myrmekite is frequently obserw'd in assoeiation with it. However, a myrmekite 
rim is found around eertain larger plagioclase erystals, in whieh mieroeline is almost 
laeking. 

Biotite oeeurs as large flakes eontaining zireon inelusions in appreeiable 
amounts. Some museovite is assoeiated witb biotite . 

Apatite is comparativcly abundant. 
In the granite lens of Aitolahti the felds par phenocrysts are fairly small 

(7 -20 mm. in length). The rock is often like augengneiss, or quartz 
and microcline form stripes parallel to the foliation, owing to the strong 
deformation of the rock. 

The contact against the schist is mostly simple and undisturbed. 
Taken as a whole, the granite cuts the country rock more or less across the 
strata, but more conformable relations are seen on a small scale. In 
certain cases veined gneiss has been formed, whilst transverse apophyses 
are seldom observed. Xenoliths of the wall-rock are rather uncommon, 
except in the neighbourhood of Lakes Matalajärvi (in Northern Kangas
ala) and Pappilanselkä. 

The porphyritic granite i not always in immediate contact with the 
schist, however, but between these i often a more 01' less aplitic variety 
of granite. On both sides of Lake Kutemajärvi such a rock forms a zone 
4 km. in length and in places 1 km. in breadth. The transition from the 
porphyritic granite is gradual and begins with an increase of muscovite 
and microcline, and the porphyritic texture so on disappears. In this 
stage, biotite still remains as large, interspersed flakes. The composition 
of the plagioclase varies between An 12 and An Z2 ' When proceeding to
wards the schist, biotite entirely disappears and the grain size diminishes. 
Rather thick perthite is sometimes observed in microcline, but myrme
kite, common in the transition al form, is rare. The anorthite percentage 
of the plagioclase has furt her decreased (An12_ 1S)' Near the schist contact 
the aplite contains abundant pegmatitic parts often comprising more 
than half the rock. Tourmaline and almandite are found in both aplite 
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and pegmatite, the quartz-rich portions of which, moreover, occasionally 
contain arsenopYTite. 

Certain xenoliths of mica schist in the porphyritic granite are SUT

rounded by an aureole of aplite-pegmatite. 

The transition is not always as regular as described above, but patches 
of the porphyritic granite are encountered within the even-grained, 
muscovite-bearing granite. In a few cases such portions have rat her 
sharp boundaries, and certain small patches are surrounded by a weak 
rim of biotite. 

Pegmatite-aplite has most often intruded into the schist as con
formable veins and lenses, occasionally some hundreds of metres in length. 
Certain aplite lenses are parallel to the secondary flow cleavage, while 
some others form irregular tocks. The contacts are quite sharp as a 
rule. East of Lake Paalijärvi the porphyritic granite in a hill has been 
jointed parallel to the surface, the joints being filled by pegmatite whi.ch 
thus forms approximat.ely horizontal veins, 10-15 cm. in thickness. 
At the contacts is a rim of muscovite which also extends into the 
porphyritic granite for some distance. 

The pegmatites, containing tourmaline and arsenopyrite, are so
called complex pegmatites (in the sense of Landes). The gradual transi
tion between the granite types suggests that the porphyritic granite 
has been soaked by liquids rich in potash and silica and thereby changed 
towards aplite. The occurrence of abundant myrmekite in the transi
tional zone may afford furt her evidence of such a development, if myrme
kite is assumed to be the result of areplacement of plagioelase by micro
cline (see later p. 93). Thus the same materials which have finaily 
crystallized as pegmatite may have effected the changes in the porphyritic 
granite. The pegmatite is probably elosely related to the granite. 

Somewhat different granites are encountered in the eastel'n part of 
Aitolahti , as weil as in places in the isolated granite lens of this parish. 
They are fairly fine-grained , the grain size of the ground-mas being 
about 0.5 mrn. and the feldspar phenocrysts measuring only 3- 5 mrn. 
In cornparison with the coarse porphyritic granite, rnicrocline has consider
ably increased, while biotite has decreased. A specimen taken near the 
boundary between Aitolahti and Kangasala was analyzed (Table VIII, 
N:o 21). In this rock the composition of the plagioelase is about An 20 , 

the rnicrocline is somewhat perthitic, and myrrnekite is common. In the 
corresponding rock in Southwestern Aitolahti the plagioelase is poorer 
in anorthite (An 12_ 14), and perthite as weU as myrrnekite is almost lacking. 
Here a transition into coarser-grained porphyritic granite can be seen, 
and the cornposition of the analyzed rock also shows a certain relation
ship to that of the porphyritic granite proper, representing a more acid 
derivative of it. Thus these granites are probably varieties of the por-
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phyritic granite, but owing to their typical granitic composition, the 
designation of microcline granite is used on the map. 

In placE's, this rock is penetrated by veins of tourmaline-rich, alman
dite-bearing aplite with diffuse boundaries. In contact with mica schist 
the granite forms sharp veins parallel to the foliation. 

OTHER INTRUSIVES 

Near the contact of the pOl'phYl'itic granite, 01' the associated aplite 
and pegmatite, there are some OCCUl'rences of granodiorite within the 
schi t. They are lens-shaped with the longitudinal direction parallel to 
the general strike, and usually very small, excepting the largest one 
situated 2 km. W. of Lake Pappilanselkä in Orive i. This massif is more 
than 1 km. long and isolated from the granite by a narrow bett of sehist, 
in places only 10 m. broad but never absent. The borders of the lens 
are often considerably foliated, but for the most part the rock hardly 
shows any parallel arrangement. According to a determination on the 
integration stage, the mineral composition Is as follows: 

Plagioclase ............. ..... ....... .. 50.6 
Quartz .................... .......... 23.4 
Microcline ......... . ..... .... .... ..... 12.4 
Biotite .. . . . ..... . . ... . ... . . .. . . ... . .. 12 ... 
Chlorite ... . ..... . .................... 1. 1 

Apatit.e . . .. ................. . .... . ... 0.1 

100.0 

This composition shows a distinct similarity to that of the Värmälä 
granodiorite (Table VIII, N:o 17). A difference appears in the 
composition and properties of plagioclase. It forms very well-shaped 
crystals with an extremely well-developed zonal texture. In the extreme 
case, the determination in a section parallel to 010 gave the following 
results: the kernei , a/\ 001 = - 170 (AnSO- S1 ); the shell, a/\ 001 = + 100 

(AnIS_ 1 ?)' 
Apophyses from the massif are quite uncommon. Xenoliths are en

countered, but seldom in abundance. In certain cases they have been 
largely assimilated. Near the boundaries the rock is richer in biotite 
and sometimes tends towards biotite-quartz diorite. Westwards, the 
grain size diminishes, and in the western most corner of the massif the 
rock is rather a biotite-rich, fine-grained diorite. 

A similar transition into diorite is seen in a smalliens E. of Lake Paali
järvi. In addition, there are several vein-like occurrences of a rock dioritic 
01' gabbro-dioritic in composition, usually in the immediate vicinity of 
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the aplitie granite. These formations are parallel to the sehist layers 
and 5-10 m. in breadth. The rocks are eharaeterized by abundant pale
eoloured hornblende, rat her idiomorphie and distinetly zoned plagio
elase, and a very weakly developed foliation. They often eontain irregular 
patehes of schistose rock, and are sometimes banded with more and less 
basic stripes. Gradual transition into the adjaeent sehist is also observed . 
Sinee some hornblende-rieh beds are found in the sehists in the same 
traet, the above-treated formations rather suggest thoroughly reerystalliz
ed portions of the supracrustal rocks. 

THE VEINED GNEISS IN SOUTHERN AITOLAHTI 

The southernmost part of the area investigateel, in Aitolahti, eonsists 
of yeined gneiss, extending beyond the limit of the area. Gradation from 
the neighbouring mica schist is clearly observed. The layering of the 
original schist has still remained in the transitional zone, but farther 
south, all the primary features soon disappear and a heterogeneous mica 
gneiss results. The alternate darker and lighter stripes are often highly 
contorted and the rock has obviously been in a very plastic state. 

The veins, tiny stripes in a better-preserved mica gneiss as weIl as 
larger veins in the veined gneiss proper, are of two different types . One 
of the two types is fairly rich in plagioclase and quartz , with microcline 
in various amounts and some biotite as other constituents. The plagio
clase (An 24_ 26 ) may some1iimes be quite predominant. The other type 
mainly consists of quartz. The latter are distinctly sharper and may 
irregularly penetrate the former , though both are mostly parallel. The 
quartzose veins contain apatite and tourmaline, the apatite oecurring 
even as large accumulations in certain 
stripes of quartz (Fig. 37). 

In places the veins have been 
enlarged into patches and lenses, some
times 20-25 m. broad, and often 
showing yery indistinct boundaries 
against the wall-rock . They are rather 
granodioritic in composition and eon
sist of plagioclase (An 26_ 30 ), quartz, 
mica, anel microcFne. Plagioclase i 
usually more or 1ess idiomorphic. 
The borders of the patches are 
weakly porphyritic with smalI, inter
spersed plagioclase phenoerysts, and 
eonsiderably f01iated , and eontain 
largely assirnilated remnants of schist. 
These xenoliths are muscovite-bear-

Fig. 37. Apatite accumulations in a 
fragmentary quartz vein in the veine!! 
gneiss. N. of the Aitolahti GnU, Aito-

lahti. Nic. I, magn. 20 x . 
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ing, whereas this mineral is absent in the adjacent granodiorite. The 
centre is even-grained and slightly foliated. It is richer in quartz and 
also contains muscovite, even in predominance over biotite; although 
microcline is rat her sparse and does not form larger crystals, abun
dant myrmekite is associated with it. Tourmaline and apatite are 
entirely lacking. 

Dikes of pegmatite and microcline granite are common in the zones 
of stronger mechanical deformation. 

The general features of the formation concerned are similaI' to those 
of the veined gneiss north of Lake Paarlahti. The predominant calcic 
oligoclase in general, as weIl as the abundant mica in the granodioritic 
patches, must involve a rat her high content of alumina, and especially 
in the granodiorite richer in muscovite a fair excess of alumina must also 
exist. Both the mode of occurrence and the composition of the veins 
are thus suggestive of venites segregated from an argillaceons parent 
rock. A · to the mobilization of Al, the author wishes to refer, again, to 
Wager's, Erdmannsdärffer's and Karpoff's observations of this subject 
(see p. 76). Accorcling to Wager (1938 a, p. 31), the apatite often abundant 
in the »ectects» may be due to amigration of P and F from the parent 
rock. ~uch an explanation seems valid also in this case. 

Inasmuch as the ancestry of the highly metamorphosed veined gneiss 
is not recognizable, it is difficult to decide whether there has also been 
an introduction of material. a and Ca, perhaps, are required to build 
up the granodioritic bosses. 

ON THE AGE RELATION::; OF THE INTRUSIVES 

Sederholm (1897, 1913, 1932) divided the intrusives of the Tampere 
region into t.wo age groups, and regarded the southern porphyritic granites 
and granodiorites as older, and both the northern and Värmälä massif 
as younger. He even consi.dered the porphyritic granite to be the base
ment rock for the schist formation. Later, however , this idea was aban
doned (Mäkinen 1915; see p. 8), and it seems to the present writer that 
Sederholm's classification should also be corrected in other respects. 
Some data for estimation will be repeated in the following . 

Considering the intrusive rocks of the area from the intrusion-tecton
ical point of view (a point discussed by Saksela 1936 and Wahl 1936), 
we find them to represent two different types in their relations to the 
country rocks. The northern contact zone is fairly complicated for the 
greater part, and peculiar migmatites with contamination phenomena 
are common. Especially N. of Lake Paarlahti the rocks seem to have 
been in a rat her plastic state, as all the components conform to one an
other, and a parallel structure is usually apparent. On the other hand, 
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the Värmälä granodiorite and the southern granite often transversely 
penetrate the schists, with the exception of the small-scale features, and 
notable contact aureoles of intermixed rocks have not in general been 
formed; the foliation is weak. These features suggest that the northern 
intrusives have originated at greater depth, and hence they must be 
older in age. The author does not wish to dispute the character of the 
Central granite as »younger granite» , but he wishes to point out that the 
primary infracrustal rock wbich has bordered the deep-seated schists 
has been something other than this microcline granite. Among others, 
'Vahl (op . cit.) has paid attention to the occurrence of even large portions 
of older rocks, both infracrustal and supracrustal, within the huge Central 
massif, and later thi has been frequently noted by several investigators. 

Wahl (op. cit.) believed that the material of the Central granite has 
been squeezed out from the primary zone of migmatization of the Sveco
fennian mountain chain. Magnusson (1937, p. 546) considers the migmatite 
zones with the rising grani.tic masses to be buge reservoirs of magmas, 
even for those of the synkinematic group, as weIl as the scene of a large
scale transportation of materials . This view is , in fact , not so far from 
the ideas of Kennedy and Anderson (1938), and Drescher-Kaden (1936) . 
• 'ee »Discussiom, p. 70. Concerning the area treated, we may presume 
that most of the rocks on the northern side, complicated and largely 
contaminated, belong to a deep migmatite zone, whereas the other stocks, 
more discordant (»more intrusive») in character, represent a higher level 
situated over their respective migmatites. Microcline granites may have 
been introduced into even higher horizons of the crust, but probably 
represent the latest phase in the same continuous development, and being 
exposed at the present surface are of course the youngest infracrustal 
rocks. Hence there would be no essential »hiatus» between the different 
stages of processes, as is also set forth by Wahl (op. cit. , p. 496). 

The mutual relations of the Värmälä and southern massif are uncertain. 
The small occurrences of granodiorite near the southern granite contact 
(p. 84) seem to be closely related to the Värmälä granodiorite, but even 
they do not come into contact with the porphyritic granite. It is peculiar 
that W. of Lake Näsijärvi there is a similar, very narrow but uninterrupted 
belt of schist betwe:m the cornsponding rocks (Neuvonen 1946). Some 
xenoliths of granodiorite are found in the aplite-pegmatite generally 
occurring at the boundary of the porphyritic granite, but this may be 
of no importance, becau e the aplite is , in any case, also younger than 
the porphyritic granite. 

The porph.p:itic granite does not seem to be related to the veined 
gneiss in S. Aitolahti, probably excepting the »Aitolahti lens» which 
shows cel'tain transitions into the granodioritic and other rocks forming 
'"enites . 
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DIKE ROCKS 

",fETAMORPHIC DIKES 

Some single greenstone dilces are encountered here and there in the 
northern part of the schist complex. Their breadth varies from a few 
centimetres to 1. 5 m ., and they trend either quite parallel to the generaL 
strike 01' at a small angle to it. The dikes consist of well-foliated amphib 
olite, excepting two 01' three ~W. of Lake Iso Teerijärvi in Orivesi, which 
are even more basic consisting mainly of hornblende with minor plagio 
clase and accessories. Hornblende forms rat her shapeless crystals, but 
plagioclase occasionally displays the form of indistinct laths . These are 
largely saussuritized and have often recrystallized into a fine-grained 
aggregate, and the composition cannot be determined. It is probable 
that these diker; are connected with the formation of the supraCl'ustal 
deposits. 

An amphibolitic dike S. of Lake Hankajärvi shows an exceptional 
trend by cutting the strike nearl y at right angles. Yet its foliation ü; 
parallel to the general strike. Its mode of occurrence is similar to that 
of the numerous greenstone dikes in the coastal region of Southern Fin 
land . 

An a.cid dike is situated 0.5 km. S. E. of Lake Peräjärvi , near the western 
boundary of Orivesi. The dike is 30- 50 cm. broad and quite straight 
forming an angle of about 5° to the general "trike. Its visible end is 
sharp with a somewhat convex boundary. The dike can be followed for 
about 100 m , It has been interrupted by several faults , as weIl as opened 
fractures filled by quart7. . 

The rock consist s of quartz, a lkali fe ldspar, muscovite, a nd a littlc oxidic iron 
ore. The t exture is granoblastic a nd a foliation ca n b e seen. The grain size is 0.01 " 

- 0.020 mm. A few small phenocryst s of quartz and plagioclase are observed . 
Certain irregular grains of quartz n ea r one a nother seem to have similarly 

oriented themselve' in many places . a nd are, p crhaps . r elics of Cl micrographic 
01' ,)skeleton» t exture. 

Both feldspa rs are present, but t hc rela.tivo a m ounts cannot b C' d ecided. The 
plagioclase is albite , An 5 _ t 0 (y ' <: N of Canada Balsam. and the m ax. ext. a ngle 
a bout 12- 13°). 

The amount of muscovito vari es in different zones pa ra ll el to the foliation. 

OUVIX]1~ DIABASE 

In Orivesi , immediately W . of Lake Pappilanselkä, there is a rather 
broad, fragmentary dike of quite non-metamorphosed olivine diabase. 
Its broadest parts are 15-20 m. in breadth. The dike nsually cuts the 
schist beds, and can be followed for about 2. 5 km. 

The t exture is distinctly ophitic, and the most idiomorphic constitu pnt i8 plagio· 
clase. followed by olivine and titaniferous augite. 
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The plagioelase laths are up to 4- mm. in length and sometimes slightly saussuri
t ized. The m aximum extinetion angle in the symmetrie a l zone is 35°, so tho 
composition is An 62 • 

Olivine is only slightly serpentinized and augite is quite unaltered. 
Ore, probably ilmenite, and apatite as long needles are fairly abundant. Th ", 

or e grains are oft en surrounded by biotite as a reaction pl'oduct of tbe latest 
potash-ricb p or e liquids. Some individual f1akes of biotite are a lso observed. 

The centre of the dike is somewhat coarser than the borders and 
shows a reddish tint. Some potash feldspar is found there as very sma.ll 
xenomorphic grains in the interspaces of the plagioclase laths, as weil 
as within them in some cases. 

On the shore of Lake Pa ppilanselkä the dike is never more than 3 111. 

in breadth and ends with narrow »tails». Minor dikes are encountered 
on both sides of the main one. Here the dikes are approximately parallel 
to the strike of the country rock, and the greatest one bends the schist 
layers in accordance with its own trend. The rock is very fine-grained , 
probably even glassy in part, and porphyritic. In the ground-mass can 
be seen tiny plagioclase laths and a few grains probably of olivine. Pig
mental iron ore is abundant. Very large (up to 5 cm. in diameter) , nearly 
square-shaped phenocrysts of transparent plagioclase (An S6_ S 9) are 
interspersed here and there, certain phenocrysts being somewhat corroded. 

The main type of this rock is entirely similaI' to the Jotnian olivine 
diabase in Satakunta, ab out 100 km. W . of Tampere, and the dike con
cerned is no doubt of the same age. 

METASOMATISM 

GRANITIZATION 

The widespread occurrence of granitization in the area is conspicuous , 
especially on the northern side which has hardly anywhere been completely 
preserved from it. The final »ideal granite», however, has seldom been 
achieved. 

The advance of the granitization process ca·n be weIl followed in the 
widely distributed granodioritic and related rocks. The first sign is a 
reddish colour occurring as interspersed spots, 01' sometimes a thin tissue 
of red stripes. This colouring be comes more and more general, and por
phyroblasts of microcline begin to appeal', sometimes at a rather early 
stage in the rocks comparatively pOOl' in potash . The porphyroblasts 
increase in number and grow larger, being finally up to 2-3 cm. in di
ameter. They are usually unevenly distributed, and patches of the original 
rock are seen here and there. 

In other instances the granitization is hardly visible , and is only 
indicated by a greyish pink colour and decreasing amount of the dark 
constituents, though microcline is already present in remarkable 

12 11 12/51 
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quantities. Where porphyroblasts are observed, we already have a 
microcline granite proper. 

The formation of microcline (01' orthoclase) »augen» at granite contacts 
and in granitized rocks has frequently been noted and discussed in lit
erature. Some recent works may be mentioned: Wegmann 1938; Cheng 
1944, p. 143; Read 1944, p. 74 and 1948 a, p. 12 (both with numerous 
further references); Barth 1947; Erdmannsdörffer 1948, p. 235; Edelman 
] 949. Erdmannsdörffer appears mainly to emphasize an immediate 
influence of granite magma on loosened xenoliths in it 01' on its walls, 
whereas in the Tampere area this is certainly not the case. Wegmann, 
Barth, and Edelman suggest that brecciation 01' other crushing may 
have advanced the formation of porphyroblasts. Although the present 
author has found the porphyroblasts to be somewhat commoner where 
the rock is deformed, such an explanation does not seem to be generally 
applicable. The augen of potash feldspar are more probably an ordinary 
stage in the evolution towards a metasomatic granite (cf. Read, l. c.). 

Granite derived from an earlier intrusive rock often contains basic 
xenoliths primarily enclosed by this. Only occasionally have the xenoliths 
been considerably granitized and in that case carry microcline porphyro
blasts but, in general, no furt her change has taken place. However, in 
certain cases, probably due to a high concentration of the agents of 
granitization (cf. later p. 93), the schist has been changed rather directly 
into granite and is thoroughly soaked by these materials, resulting in 
a vein-like body. The primary foliation is seen to the last, showing that 
there is no true vein in question. 

In the microscopical study, the following features may be observed 
in connection with typical g1'anitization: 

(1) Microcline forms porphyroblasts, some millimetres in diameter. 
The porphyroblasts mostly contain thin perthite, sometimes rather well
developed. Towards the borders of the crystals the perthite decreases 
and finally dies out as a rule. Two porphyroblasts developed near each 
other seem to have united themselves into one single crystal in certain 
cases. 

(2) Plagioclase has mostly been corroded by the younger microcline, 
01' entirely enc]osed by it. In the latter case isolated grains of the original 
plagioclase are seen within a microcline porphyroblast, and the grains 
show a simultaneous extinction indicating that they have been inherited 
from one single crystal (Fig. 38). One may infel' from this that, for in
stance, a poikilitic texture is unlikely. The borders of the inclusions are 
often more albitic than the inner part, but no primary zonal texture 
can be in question, since quite shapeless grains also have such a she11 
(Fig. 39). When plagioclase is only in partial contact with microcline, 
indistinct stripes of albitic plagioclase may be found to intrude from the 
contact inwards into the plagioclase crystal. 
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Fig. 38. Remnants of oue plagioclase 
erystal withiu a porphyroblast of mi
eroelille. Mierocliue granite N. of Lake 
Paarlahti , Teisko. Xic. +, magn. 20 x . 

li'ig. 39. Shapeless grain of plagioclase 
with an albitie rim, enclosed by miero
eline. Mieroeline granite N. of Lake 
Paarlahti, ITeisko. Nie. +, magn. 40 x . 

(3) Myrmekitic plagioelase is in elose association with the microcline 
porphyroblasts which are sometimes completely surrounded by a myr
mekite rim. The formation of rims usually increases with the growth 
of porphyroblasts. The plagioelase grains entirely enclosed by micro
cline, however, have rat her seldom been largely myrmekitized. In the 
initial stage of the process the well-known, vermicular inelusions of quartz 
appeal' at the border of a plagioelase crystal, and later this border has 
been granulated into several, small myrmekite grains. From the re
fraction it may be deduced in some cases that the myrmekitized plagio
clase is somewhat richer in anorthite than the unchanged plagioclase. 
In other cases, between large porphyroblasts which build the greater 
part of the rock only narrow rims of granulated mass, sometimes with 
biotite, are found. The myrmekitic texture is in that case often very 
fine, even difficult to see under the microscope. It was observed that 
such a »rim» may have been introduced into a microeline porphyroblast 
(Fig. 40). This type of myrmekite is rather analogous to the »post
microclinic myrmekite» of Drescher-Kaden (1948, p. 80) 01' the »inter
granular symplectite» of Erdmannsdärffer (1949, pp. 6-9). 

(4) Plagioclase is rarely altered very strongly. The degree of altera
tion, of course, depends upon the primary composition and, where this 
has been rather basic, the granitization means a greater change and 
alteration products are more abundant. The myrmekitic plagioelase 
also can be largely sericitized. 

(5) The composition of the plagioelase also depends upon the origin 
of the granitized rock, as weH as the degree of granitization. In the 
rocks studied (originally varying from granodiorite to gabbro) the compo
sition does not vary very greatly and is usually between An I6 and An 26. 
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(6) Some hornblende is of
ten preserved. It is mostly 
very dark-coloured and turbid. 
Considerable amounts of epi
dote and sphene are sometimes 
o bserved in association with 
the dark minerals. The sphene 
might have originated from 
the titanium originally contain
ed in hornblende and biotite, 
and leached away at lower tem
peratures. This alteration chief
ly belongs to a later stage, 
however. In certain rocks allan
ite 1S encountered as kernels 
of the epidote, as weIl a,s inde
pendent grains. Very small 
spots of fluorite are inciden
tally met with as inclusioml 
in plagioclase. Fig. 40. Crack infilling of fine-grained myrmekitc 

and biotite in microcline. Microcline granite in 
the western part of th e Värmälä massif, Teisko. 

Magn. 16 x . 
A typical product of ad

vanced granitization of grano
diorite was analyzed (Table V, N:o 16). Such a rock is fairly common 
N. of Lake Paarlahti. 

The rocks concerned may have been rather strongly foliated, but in 
the very shear zones the granitization process is of somewhat different 
character. In these rocks biotite has been considerably chloritized and 
occurs as long streaks associated with some muscovite. Quartz and micro
cline form stripes between the biotite-chlorite streaks parallel to the folia
tion (Fig. 41). These features indicate that a strong movement has taken 
place along closely-spaced shear planes, and the granitizing fluids appeal' 
to have utilized these planes as channels (cf. Wegmann 1931 , p . 62 , and 
Cheng 1944, p. 145). Microcline often forms porphYToblasts in this case 
also , but the formation of myrmekite is rather slight 01' lacking. The 
composition of the plagioclase is usually An 5- An 15, and it has been very 
strongly saussuritized. Some epidote is seen throughout the rock and 
calcite is also met. The mineral composition indicates an alteration under 
the conditions of the epidote-amphibolite facies, 01' even the greenschist 
facies. The author has called these rocks mJicrocline gneiss». The soda 
granite at Lake Pukalanselkä has often been altered in such a way. 

More or less diffuse veins of granitic material are observed in many 
rocks, and in certain intermediate and acid intrusives they can be en
larged even into larger areas. These contain very indistinct remainders 
of the country rocks. The granitic material sometimes appears to have 
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Fig. 41. ,):1Ificrocline gneiss,) . S. shore of Lake Pukalanselkä, Orivesi. 
'fhe discontinuous white stripes are microcline. Nie. ,magn. 20 x . 

used the contact between two rocks as a channel, as for instance between 
granodiorite and aschist xenolith, producing a rim rich in microcline 
and quartz. In certain cases such portions become quite homogeneous 
aplitic granite which granitizes the country rocks. These formations 
might be presumed to represent an »enrichment of ichor». The granite 
material has also streamed along the veins originally pOOl' in potash, 
e. g., in veined gneiss, and forms microcline-quartz stripes parallel to 
the veins or is restricted to the 
contact between the vein and 
wall-rock (Fig. 42). All these 
occurrences carry microcline 
porphyroblasts, and their pla
gioclase is corroded and myr
mekitized. Also the »most 
intrusive» , sharp veins showing 
no apparent connection with 
the creep of granitization are 
characterized by a strong myr
mekitization and corrosion of 
the plagioclase (Fig. 35, p. 69). 

Myrmekite and the replace · 
me nt 01 plagioclase. Two fun
damentally different explana
tions of the genesis of myrme
kite exist, namely, (1) that 
myrmekite is produced in con-

Fig. 42. Stripe of microcline and quartz at the 
contact between a vein of ,)soda granite,) and its 
wall-rock. S. of Lake Pukalanselkä , Orivesi. Nie. 

t , magn. 5 x . 
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neetion with areplacement of potash felds par by plagioclase, and 
(2) that it is built up at the expenee of plagioelase in eonnee
tion with the formation of younger mieroeline. The first explanation 
was presented by Beeke (1908). It was aeeepted by Sederholm (1916) 
and reeently, e. g., by Joplin (1942, pp. 188-89) and Cheng (1944, 
p. 140). The alternative explanation has been espeeiaUy elaborated 
by Dreseher-Kaden in his detailed works (1940, 1948) , and it has also 
obtained several supporters: Johnson 1947, p. 501; Strand 1949, p. 21; 
Edelman 1949 and others. Dreseher-Kaden, indeed, deseribes a type of 
myrmekite whieh he eaUs »post-mieroclinic», but this would be formed 
by the influenee on plagioclase of fluids whieh originate from re-solution 
of the pre-existing mierocline (1948, p. 80 sqq.). In the »intergranular 
sympleetite» of Erdmannsdörffer (1949, pp. 6-9) the myrmekite would 
be an independent constituent, formed at the expenee of both feldspars 
as weH. 

The interpretation of Edmondson Spencer (1945) deviates from all 
the other explanations. He suggests that exsolution and rearrangement 
of albite and a hypothetical lime feldspar Ca (AlSi3ü sh formedy held 
in solid solution in the potash feldspar would produce myrmekitie plagio
elase (the lime feldspar -+ anorthite + quartz) . 

Independent of the myrmekite theories, there are many observations 
of the replacement of plagioclase by microcline. Thus Cheng (1. e.) admits 
it (it would happen both before and after the reverse proeess of myrme
kitization!); Erdmannsdörffer 's works afford several suggestions of it 
(1938, p. 21; 1943). 

The present author aecepts Dreseher-Kaden's prineiple of myrme
kitization. The replaeement of plagioelase appears to be an obvious 
fact. It is mostly the largest mierocline erystals whieh are surrounded 
by the broadest eontinuous rims of myrmekite. "\Vhen such mierocline 
crystals are found, e. g., in gabbro, they are certainly seeondary. In the 
plagioclase grains entirely enelosed by microcline the myrmekite texture 
is not always absent though rare. The author wishes to make referenee 
to Edelman's idea (1949) that the constituents of the deeomposed plagio
elase migrate 0 u t war d s like a zone around the microcline porphyro
blast. Because more Na than Ca can be retained by microcline, an »an
orthite-quartz metasomatism» attaeks the plagioclase in this zone. In 
eonsequence, the plagioclase about to be myrmekitized may be some
what enriched in anorthite, as observed in some cases. The albitic rims 
and stripes of the plagioclase in contaet with microcline indicate that 
the constituents of anorthite have been leached away. But myrmekite 
quartz can be also 0 bserved ins i d e the rim and is found to occur 
in the enclosed plagioclase grains in a similar manner. (Unfortunately. 
such textures were too fine to be photographed.) 
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An excess of silica must be assumed in the process of myrmekü,ization, 
but it is difficult to decide to what degree this is due to an introduction 
of silica, to a decomposition of silicates and removal of cations, 01', per
haps, to primary quartz, and this may depend upon the relative quantities 
of constituents in every individual case. 

As regards the temperature du ring myr·mekitization, the author, 
contrary to Edelman (op. cit.), holds that it has not in general been very 
low. In the rocks containing considerable amounts of chlorite, muscovite, 
epidote, etc., myrmekite is sparse and weak in comparison with that 
in the products of »normal» granitization, although abundant potash has 
been introduced. 

The supporters of Becke's theory quoted above, in general, hold that 
the participant feldspars are of one connected origin, e. g., they originate 
from the same crystallizing magma. By the supporters of Drescher
Kaden myrmekitization is mostly recorded from true potash-metasomatic 
rocks. On the basis of the present author's observations presented in 
several connections (p. 68, 83 , 93) , it may be suggested that the time 
interval between the consolidation of plagioclase and microcline is not 
always very long, and thus the length of time may not be essential in 
the formation of myrmekite. 

In a previous chapter the present author quoted Read's saying »there 
are granites and granites». These two granites were the metasomatic 
and the intrusive one. 

One could list dozens of petrographers who have expressed a similar 
idea. Nobody may like to dispute the close connection of these different 
granites with each other, but the opinions on the relative quantitative 
significance of each granite are by far more divergent, and the origin of 
granite on the whole is still more controyersial. One group of speculators, 
the magmatists, hold that most of the granites have been formed by 
crystallization of an intrusive liquid magma. Yet almost all magmatists 
do admit granitization which is effected by magmatic fluids , though 
some of them prefer »gneissification» to »granitization». The other group, 
the transformists etc., believe that most of the granites, if not all , are 
products of a metasomatic replacement. Furthermore, within the first 
group there is divergence of opinion as to how the granitic magma came 
into being. Some magmatists support the differentiation of a basaltic 
parent magma, contaminated 01' not (Bowen, Niggli). According to 
Eskola (1932 b, 1933), both differentiation (by squeezing) and partial 
re-fusion of older deep-seated rocks (differential anatexis) may produce 
granitic magmas. The latter way would be of the greatest significance , 
if not unique, in the large granitic areas of the Archaean. Daly (1933) 
agrees with Eskola as to the Archaean granites ; Grout (1948) supports 
differential anatexis above aB. 



96 Bulletin dc la Commission goologique de Finlanc1e N: 0 153. 

Eskola holds that the granitic magmas produced by differential 
anatexis may rise upwards as pore fluids causing granitization. The 
idea of such fluids was earlier proposed by Sederholm who called them 
»ichor» (1926). Both these eminent petrologists, though certainly magma
tists, consider granitization to be of great quantitative significance. The 
primary cause is of course the granite magma. Tha~ is what the trans
formists do not recognize - if there is magma, it is but secondary. 

Are the opposing camps as far apart as they would believe themselves 
to be? 

It seems to the present author that the principle of differential anatexis 
is well acceptable. But what will happen when apart of the earth·s crust 
is sinking downwards during orogeny? A sudden melting-up may be 
unlikely. It may be supposed that increasing amounts of the most mobile 
constituents will be gradually made to migrate, the migration increasing 
with increasing depth. Last, there will be a nearly ubiquitous »cloud» 
of these constituents migrating upwards within the deep-seated rock 
mass - i. e., the granitic pore fluids have been realized. Coalescence 
into magma masses does not seem to be necessary. Yet one may consider 
these migratory granitizing fluids to be pore mag m a s; on the other 
hand, such an explanation may satisfy many of the transformists who 
have often ignored the sour ce of the agents of granitization. Provided 
that a liquid transfer is not denied, the two opinions may not be quite 
incompatible. 

The author is thus inclined to agree with the transformists as to the 
most part of granites being replacement products. As regards the intrusive 
granites, many of the conformable ones, as weil as the dike-like bodies, 
may represent »enrichments of the ichor» which have crystallized in 
opened spaces (cf. Wegmann 1931, pp. 58-59). The mobilization of the 
»wetted» rocks should be also taken into consideration (\Vegmann, 1. c.). 
Sosman's interesting observations (194 , p. 116) may further testify to 
such a mobilization. 

As the structures of the granitized rocks can be preserved to the 
last and as the process of granitization is thus obviously quite gradual 
and slow, the question of the mechanism of this process has been in
separably connected with the general controversy of granite. Wegmann 
(1935) introduced the concept of intergranular film as the passage for 
ichor and as the scene of reaction. A particular group of transformists 
proceed still further and like to explain all the metasomatism and graniti
zation, etc., as being due to an ion- or atom-disperse phase without any 
liquid or solution as carrier. Greenly (1903) long ago suggested the idea 
of solid diffusion; nowaday , several supporters of it can be listed: Perrin 
and Roubault (1939, 1945, etc.); Bugge (1945); Ramberg (1946); Back
lund (1946); Holmes and Reynolds (1947); Barth (1947) ; Lapadu-Hargues 
(1945) is inclined to this opinion. Barth (op. cit., p. 181) explains »granites 
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and granites» as follows: the granitic stocks and patches in a granitized 
terrain are due to the crystallization of a »cloud of ichor» (= ions and 
atoms) itself, while their adjacent rocks are granitized by such an ichor. 

In 1948, Eskola returned to the subject andsaid definitely: the granit
izing pore fluids are equal to granite magma. He pointed out that 
under the liquidus limit of granitic magma the metasomatism leads to 
more heterogeneous end products, regionally as weIl as in the range of 
composition. - Also in the Tampere area other kinds of potash metaso
matism were ascertained, indeed, and they have all taken place under 
conditions different from those of granitization and evidently at lower 
temperatures without exception. Some data will be discussed in the 
following. 

POTASH AND ASSOCIATED lVIETASOlVIATISlVI IN THE PAARLAHTI
ISO TEERIJ ARVI ZONE 

Lake Paarlahti and its continuation eastwards through several small 
lakes as far as the eastern edge of the area represent a large-scale sheal' 
zone in which materials have been mobile and metasomatic changes of 
several kinds have taken place. Besides the almost uninterrupted main 
zone there are subordinate ones parallel to it. 

Rapid variations in both the nature and degree of metasomatism and 
t he mineral facies are characteristic of the zone. Yet a low-temperature 
facies is by far the commonest. In all probability the primary rock has 
mostly been a more or less basic schist. Since an introduction of potash 
andJor silica always seems to have been connected with the alteration, 
it is quite possible that some schists situated in the vicinity of this zone 
and designated as »intermediate» 01' »acid» on the map, have also been 
primarily basic, but later changed metasomatically. 

On the shores of the eastern part of Lake Paarlahti and farther E. 
for about 10 km. , a metasomatism producing potash feldspar and some 
muscovite is charactel'istic. The formation of »microcline gneiss» (p. 92) 
represents a transitional form between the granitization and this process. 
These rocks are distinctly finer-grained than the gneiss mentioned. The 
grain size is about 0.04-0.05 mm. on the average, but very strongly 
sheared rocks are even finer. The porphyritic texture of the original 
schists with rather shapeless plagioclase phenocrysts can still be seen. 

The main minerals, in the order of their usual relative abundance 
are quartz, plagioclase, microcline, chlorite (biotite), and muscovite. 
Calcite is often met with. Close, narrow bands of different compositions 
are characteristic (Fig. 43). 

The darker bands mainly consist of plagioclase and chlorite (biotite), although 
they are a lso intermingled with quartz and microcline. Some epidote may b e 
present, but never in great abundance. In the strongly sheared rocks containing 
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Fig. 43. Fine-grained metasomatie sehist with parallel stripes 
of quartz and microeline (light). E. end of Lake Paarlahti , 

Teisko. Nie. 11 , magn. JO x . 

larger amount s of muscovite, the biot ite is c hl oritized but otherwi 'e it ('an 1)(' 
rather well-preserved. 

Plagioclase occurs as shappless, a ltered gra in. Its composition, determined 
by comparing the refraction to that of Canada B alsam , is An ö_ lo, or occasionally 
sodic oligoclase. It has often b epn largely r eplacecl by microc line (on this r pplace
m ent see further b elow). 

Most of the light stripes a r (' compo 'ed of quartz a nd microc line, som ptimes 
assoeiated with a little calcite and muscovite. Certain stripes consist of qua rtz 
Rnd calcite', som e others mainly of muscovite, anel small lenses of pure quartz a re 
common. The stripes vary in breadth , anel a l('nticuJar structure has resulted in 
certain cases. All these min('ra ls also fill cracks a nd other pressure minima. In 
the infillings of these', tiny grains of microcline often occur in the interspaces of 
the quartz crystals , so that miCl'ocline seem s to havp crystallized last in these cases. 

Magnetite grains are som etimes surrounded by a rim of hematite. Sulphides, 
mainly pyrite, Rre m et with in the rocks richest in quartz , a nd pyritp was found 
to follow the quartz stripes. It also can b e rimmed by h pmatite. 

Small accumulations of apatite are seen in the quartz-rich rocks. 

From the light stripes mieroeline is distributed into the sUl'roundings 
and then eommonly replaees plagioclase. The best preserved erystalF; 
only eontain sparse, tiny spots of mierocline, but with advaneed destrue 
tion the plagioclase is soon filled by a eomplieated impregnation of miero
eline (Fig. 44). With further replaeement the mieroeline impregnations 
are united into a few larger, irregular erystals, finally forming one single 
el'ystal whieh eontains remainders of plagioelase. The end result is a 
pseudomorph of mieroeline after plagioelase, and no furt her growth of 
the mierocline erystal has taken plaee. Myrmekite has not been observed. 
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Fig. 44. Plagioclase partly replaced by mieroeline. Altered 
,)soda granite,) near Lake Iso Teerijärvi, Orivcsi. Nie. 11 , 

magn. 40 x . 

In many places there are abundant patches and indefinite veins of 
epidote. The epidote was found to be associated with microcline, some 
calcite, and incidentally a little fluorite . The constituents of the epidote 
may have been inherited from the original rocks and accumulated owing 
to their mobility which is probably increased by volatiles. These and 
other materials can also produce so-called helsinkites, as will be described 
later on. 

The relative amounts of microcline and muscovite sometimes vary 
greatly in a rather limited area, and microcline can be almost lacking. 
An increase of muscovite (sericite) and quartz and a decrease of feldspars 
leads gradually to sericite schist. 

Sericite schist. In the main zone of metasomatism, sericite schist 
forms a fairly large, lens-shaped area N. W. of Lake Kutemajärvi in 
Orivesi. The »soda granite» has also been attacked by sericite-quartz 
metasomatism. 

The sericite schist is an almost white rock with perfect foliation and 
cleavage . 

The mica flalms m easure up to 1 rnm. in length, so that the mineral may b e 
termed rnuscovite rather than sericite. The optical properties have not b een deter
mined. The arnount of quartz is sornewhat greater than that of muscovite. 

The other constituents are quite sub ordinate. A few small ,)augen ,) of residual 
feldspar were observed. Rutile is found as small aggregates, often associat ed with 
apatite. Sparse grains of c linozoisite are present too. The rnain occurrence only 
occasionally contains sulphides, but in the other localities sorne pyrite is encoulltered. 

Though silica has obviously increased in general, an absolute increase 
of it may not always be very considerable, as for instance in the altera-
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tion of a soda granite. Lime, soda, and especially magnesia have been 
leached away almost entirely; even the iron oxide has not usually been 
retained, since only a little or no ulphides have been formed. Thus an 
increase of sulphur may not be essential in the formation of sericite, but 
seems to be mostly connected with a larger invasion of silica, as was also 
set forth by Saksela (1923, 1933). According to Schmedemann (1938), 
sericitization of certain minerals is advanced in the presence of HzF 2 

as catalyst. The ordinary occurrence of apatite in the sericite schist 
discussed above also proves that fluorine (and chlorine too, perhaps) 
has been mobile. though fluorite is not met with. 

At the northern border ofthe sericite schist lens N. W. of Lake Kutema
järvi, in soda granite, appreciable amounts of hornblende as aggregates 
of small prisms have recrystallized here and there. A little farther N. 
where various kinds of potash metasomatism have taken place, epidote 
patches with a centre of hornblende are frequently found, and basic 
xenoliths in the sericitized and silicified soda granite have been strongly 
epidotized. These phenomena point to a mobility of the mafic compo
nents in connection with the metasomatic processes mentioned. 

When the increase of ilica has been dominant, silicified schists have 
been produced. They are especially seen in the neighbourhood of Lake 
Iso Teerijärvi in Orivesi, where the rocks are strongly sheared often show
ing narrow undulating zones of slickensiding. The alteration of the 
rocks is not at all homogeneous, however, but the products of metaso
matism of many different kinds closely alternate with one another. Less 
altered schists containing considerable quantities of bioti.te and plagio
clase are always microcline-bearing and approach the rock type described 

Fig. 45. Silieified sehist with pyrite. Turbid spots are 
plagioc\ase. W. of Lake Iso Teerijärvi, Orive i. Nie. 

magn. 16 x . 
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on pp. 97- 99. All the processes 
considered in this chapter obviously 
have elose relations to each other. 

A microphotograph of the silici
fied schist is seen in Fig. 45. The 
mineral composition may not be 
very typical, since plagioclase and 
some biotite are present . 

Plagioclase phen ocryst s , ev en n early 
idiomorphic , a r e pre en t and a re u su a lly 
only slightly serieitized. The anorthi te 
p/:'rcentage is r em ark ably high, up to 27. 
It is possible that these gra ins h avc 
r eerystallized . In eertain sp eeimens, 
however , la rgely saussuritized plagioclase 
is also observed . 

The gr01.md-mass eonsist s almost 
en t irely of fine-grained quartz. 

Fig. 46. A detail of Fig. 45. Pyrite 
grains with a rim of hematite. Nie. I, 

ll1a gn. 40 x . 

Greenish biotite forms thin streaks and is a lso distributed in th e ground-mass. 
Chloritization is rather r ar e. 

Abundant p y rite m ay b e present, and also a little chaleopYl'ite is seen in t he 
zones of the strongest alteration. P y rite grains ar e often surrounded by a h em atite 
rim (Fig. 46), and films of h ematite may extend fa rther a way from the grains. 

Fluorite -filled tiny cracks a re sometimes observed. 

The most basic rocks have usually escaped alteration, but evidence 
of a certain mobility of their constituents can be observed. An almost 
hornblenditic dike (p. 88), obviously older than the introduction of silica, 
has been preserved among its silicified sUn'oundings, but on both sides 
of the dike there are considerable amounts of recrystallized hornblende 
as idiomorphic prisms (Fig. 47) . This rim also contains pYl'ite which 
encloses hornblende crystals and its therefol'e younger. 

The rocks situated along the borders of the altered zone are fairly 
heterogeneous containing patches of epidote 01' hornblende between 
which there is mainly quartz. Sulphide and hematite are also found 
in the patches. In one thin section, cavities filled by fluorite wel'e ob
served in ahornblende patch , and epidote and hematite were associated 
with this mineral. 

Such heterogeneities, as weIl as the similar phenomena observed in 
connection with sericitization, have obviou ly arisen by a mobilization 
of Ca, Al , Mg, and Fe, which has taken place in advance of metasomatism. 
A certain kind of »basic front» may result, if greater amounts of mafic 
constituents are set in motion. 

Cross-cutting fractures , often with tiny faults, are common in these 
formations. The fractures are filled by calcite and epidote, or calcite 
and potash felds par , or pure potash feldspar. No younger cracks are 
observed, except some thin ones filled by hematite. In other fractures 
approximately parallel to the formel' ones pYl'ite has crystallized. On 
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Fig. 47. Idiomorphic prisms of hornblende at the boundary br
tween an ultra basic dike and its silicified surroundings. Black = 
pvrite. S.\\'. shore of Lake Iso Teerijärvi, Orivesi. Nie. 

mugn. 20 x . 

the other hand, abundant pyrite is evenly distributed and disconnected 
with the pyrite-bearing crack infillings, and in the products of )micro
cline-quartz-muscovite metasomatisn1l> in the western part of the zone 
under treatment there are often interspersed grains of pyrite. In these 
rocks microcline was found to surround idiomorphic crystals of pyrite 
in some cases. 

The features described in the foregoing show that there are two phases 
in both the ore and microcline formation. The earlier crystallization of 
pyrite seems to be chiefly connected with the introduction of silica, and 
the consolidation of microcline forming impregnations and causing replace
ment of plagioclase may be even earlier, yet continuing over a rather 
long period of time. The second generations of both , as fissure infillings, 
may be nearly contemporaneous with each other. One of the latest 
events is probably the oxidation of pyrite into hematite, and the presence 
of carbon dioxide may account for this phenomenon. Certain experiments 
(Dreibrodt 1912) have shown that a far-reaching oxidation of ferrous 
iron (in biotite) is easily attained by treating this mineral with wateT 
containing carbonic acid at only 30° C. A related alteration occurs nnder 
low-temperature hydrothermal conditions (Eskola 1949, p. 115). In the 
silicified schists, as weH as in some other rocks metamorphosed at low 
temperatures, calcite frequently occurs in the youngest cracks , indicat
ing a considerable concentration of CO 2• The occurrence of fluorite as 
an infilling of cavities and cracks proves that the circulation of fluorine 
also belongs chiefly to the last stage of the processes. 
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The formation of sericite (muscovite) is in such a close connection 
with the microcline impregnation that what is produced probably only 
depends upon different mechanical factors , i. e., the power of the shear 
movements. A difference in age may be of minor importance. On the 
other hand, the typical sulphide-bearing silicified schists contain neither 
microcline nor muscovite, excepting the young crack infillings. The 
unaltered biotite and basic oligoclase may prove that the temperature 
cannot have been very low during the invasion of silica. 

ALBITE·EPIDOTE ROCKS 

These rocks are encountered mainly around Lake Hankajärvi in 
Eastern Teisko. They occur in crush zones parallel to the strike, which 
have been formed in basic, uralite-plagioclase porphyritic or amphibolitic 
schists . The contacts against the wall-rock are usually sharp and often 
etched out by weathering. Both rocks sometimes have angular projec
tions into each other, which may indicate a brecciation. 

The microscopic data of the usual type are as follows: 
Albite, containing at thc most 5 % An (by comparing thc refraction to that 

of Canada Balsam), forms a completely recrystallized, clear, granoblastic mass. 
A slightly unclulatory extinction is often observed. 

Epiclotc occurs as elongated accumulations, or long strC'aks together with 
chlorite, by which a distinct parallel texture is created. J uclging from the high 
interfcrenc e colours and sometimes yellow colour and pleochroism, it is fairly rich 
in pistacitc. The crystals may be well·shaped and are u sually filled by a turbid
brown pigment, obviously h ematite. 

Chlorite, in addition, is evenly distributed as small flakes, but not in abundance. 
Oxidic iron ore, often h ematite, is associated with epidote and chlorite. Films 

01" hemahte are sometimes observed. Sphene is commonly present. 
The rock is ruptured by numerous cracks, both parallel to the foliation 

and transverse to it , and filled by epidote. Repeated small faults seem 
to have taken place in both directions. Coarser-grained albite also fills 
ruptures parallel to the foliation. 

In many places the adjacent basic schist has been bleached, and 
microscopical study reveals addition of silica and potash producing quartz 
and microcline. The plagioclase is albitized and replacement by micro
cline is observed. Dark constituents have decreased greatly and are 
represented by chlorite, some yellowish epidote, and a little biotite . 
This alteration is apparently related to the potash-silica metasomatism 
discussed on pp. 97-99. 

Certain occurrences of albite-epidote rock are also encountered in the 
Paarlahti shear zone, ne ar Lake Paarlahti, where the potash-silica meta
somatism is otherwise predominant. Lighter schlieren of albite and 
microcline, with some epidote, chlorite and quartz, are observed in these 
occurrences (Fig. 48). 

--- - - --- --------------
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Fig. 48. Feldspathic schlieren in hclsinkitc. E. end of Lake 
Paarlahti, Teisko. Nie. 11, magn. 20 x . 

There are other rocks characterized by albite and epidote which 
differ from the ones described above as to their mode of occurrence. 
They form rather definite veins, or occur as small indistinct areas in 
connection with microcline granite. Moreover , microcline is an essential 
mineral, and the texture is often quite hy pidiomorphic . The veins espe
cially, show a micro-breccia structure. A microphotograph of a vein 
rock in a fairly well-preserved amphibolite between Lakes Hankajärvi 
and Pukalanselkä is presented in Fig. 49, and its mineral composition, 
determined by means of the integration stage, in Table IX, N:o 1. The 
vein is about 3 m. in breadth . 

Albite occurs as larger, fairly well.shaped crystals, as weIl as being the main 
mineral in the finer mass between t he larger grains. It is usua lly unaltcrcd, and a 
well-developed twilming of the idiomorphic crystals is not uncommon . 

Table IX. Mineral compositions of microcline helsinkites. 

Albite .. . . . . . . . . . . . . . . . . 40.7 
Microcline ............. . 37.8 
Epidote ................ 10.9 
Chlorite . ...... .. ... .. .. 9.2 
Quartz .... . . .. ......... 1.1 

2 

30.9 
52.3 

5.8 
4.6 
6.'1 

Oxidic iron ore .. .. . ... . 1 _ __ 0'-'._3_-'-__ _ 

100.0 100.0 

1. Helsinkite. Between Lakes Pukalanselkä and Hankajärvi, Orivesi. 
2. Microcline-rich helsinkite. 1 km. W.S.W. of Lake Savonjärvi, Teisko. 
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Fig.49. Brecciated helsinkite. Between Lakes Pukalanselkä and 
Hankajärvi, Orivesi. ~ic. + , ma gn. 20 x . 

Mi crocline grains, though oft eil. la rge, hardly show any c rystal shape. The 
central parts of the grains are dis tinctly perthitic . Microcline is considerably turbid 
on a ccount of h ematite pigment. 

The finer ,>mortar» and the crack iniillings of the la rger feldspar grains consist 
of albite, 01' a lbite and micl'ocline, wit h idiomorphic epidote crystals and some 
chlorite. H ematite is a common accessory. 

Some indistinct portions within the vein suggest highly altered in
clusions. All the plagioclase is completely sericitized and epidotized, 
and does not give such an impression of recrystallization as does the 
vein rock. Larger microcline crystals are often fairly well-shaped anel 
enclose grains of altered plagioclase. Myrmekite is observed. Quartz 
is abundant, whereas epidote is suborelinate and does not form well
developed crystals. These features rat her give the impression of granit
ization. 

The contacts of the vein are mostly indistinct and epidote is 
found to have been mobile along the boundaries. The borders are 
distinctly foliated anel composed mainly of albite and epidote, but micro
cline has entirely disappeareel. Towarels the wall-rock chlorite increases, 
and larger, epidotized grains of older plagioclase appeal'. Also pale green 
hornblende is soon present. On the whole, the rock corresponds to the 
albitization and epidotization previously described. A microphotograph 
of the contact is seen in Fig. 50. 

The rock in association with microcline granite is a transitional form 
between this granite and the above-treated vein rock, anel deviates from 
the granite by containing only a little quartz, but appreciable amount 
of epidote anel chlorite. The rock passes gradually into the surrounding 
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granite. The mineral composi
tion, determined on the inte
gration stage, appears in Table 
IX, N:o 2. 

Microcline forms some P0l'
phyroblasts which contain rathel' 
thick strea ks of perthite and 
enclose grains of plagioclase. Its 
cracks may b e filled by younger 
mobilized albite together with 
epidote . 

Albito (Ans) is quite fresh. 
Y ellowish epidote is always 

idiomorphic and may occur as inclu
sions in microcline and quartz. 

Judging from its mode of 
occurrence, this formation may 
represent a special case of 
granitization that took place at 
a fairly low temperature. 

Fi!?:. 50. The contact of thc rock presented in 
Fig. 49 (se(' text). ~ic. ,magn. 16 x . Albite-epidote rocks have 

been discussed by many inves
tigators, especially in Fennoscandia, and the name »helsinkite», proposed 
by Laitakari (1918) , has been adopted by most of the geologists. Mäkinen 
(calling these rocks »syenite»; 1916, p. 73), Asklund (1925, p. 74), and 
Wilkman (using the name »Unakite», according to the Americans; 1928) 
believed them to be of magmatic origin, crystallized from a water-rich 
magma at low temperatures. Kranck (1931 , p. 98) paid attention to 
helsinkites occurring in connection with migmatite granite and associated 
pegmatites, and regarded them as products of an autometasomatism 
of these, due to late- or post-magmatic solutions. He did not consider 
the older rocks (the intrusives of the »first group» and the supracrustal 
series) to owe their epidotization to the same cause, since, according 
to him, the formation of epidote in these rocks would have been destroyed 
by the intrusion of younger granite. Mellis, in his study of helsinkite 
boulders with special reference to textural features (1932), is rather in
clined to agree with Kranck's interpretation, but considers these rocks 
to be any acid igneous rocks that have been affected by a post-magmatic 
autometasomatism initiated and advanced by brecciation. Furthermore, 
he does not regard as quite impossible an influence of outside pneuma
tolytic or hydrothermal agencies. 

In the present author's opinion, in the area under treatment most 
of the helsinkites might be explained by a uniform cause, and just the 
outside factors would be the primus motor of the processes. The forma
tion of »microcline gneiss» (p. 92) is obviously related to granitization, 
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but" on the other hand, represents a transitional form towards the crush
zone alterations which include albitization and epidotization. All those 
phenomena are associated with each other, for instance, the surroundings 
of the albite-epidote zones have been affected by a potash-silica metaso
matism. The replacement of plagioclase, and the veins and schlieren 
of helsinkite or albite in a potash-metasomatic environment point to 
a secondary mobilization of the constituents of plagioclase, and it seemr; 
that the potash metasomatism having influenced these and neighbouring 
rocks has caused their migration. The migration of Na, Ca, and Al. 
considered to have involved myrmekitization at higher temperatures 
(p. 94), cannot have led to such a result at low temperatures, because 
the conditions have not been favourable for a recrystallization of an
orthite. Furthermore, any appreciable quantities of Na have not been 
retained by microcline at low temperatures. Instead of myrmekitic 
plagioclase, albite and epidote have thus been produced, and the ma
terials have also migrated farther away from their primary environment. 
Turner (1941, p. 14) suggests that solutions may be drawn into the zones 
of shearing stress and crushing. The occurrence of the great amounts 
of ferric iron contained by pistacite, as well as that in the shape of hem
atite, might be due to the presence of carbon dioxide characteristic of 
most of the low-temperature pro ces ses (cf. p . 102, and Turner 1948, p. 96). 
In addition, CO 2 may act as the carrier of materials (Turner, 1. c.). 

The microcline-bearing, more 01' less hypidiomorphic helsinkites in 
association with granitized rocks probably indicate a different course 
of events. Kranck (op. cit.) regarded their albite as inherited in situ 
from the plagioclase of the original rock, and in part, this must also be 
true. In any case, the fresh albite indicates a complete recrystallization. 
and the albite-filled cracks in microcline, especially, show that apart 
of the albite has been mobile and consolidated later than microcline. 
Mellis (op. cit.) also considered a younger generation of albite to be 
probable. Simonen (1948, pp. 53-54), having ascertained the close 
connection of albitization with granitization also in the Aulanko area, 
believed that a fractionization of alkalies has taken place in the solutions 
causing metasomatism. Perhaps, also in this case some mobilization 
of the constituents of plagioclase might have happened within the rock 
itself. 

Epidote has certainly received Ca and Al , in addition to iron, from 
mafic minerals as well, since these have also been destroyed in the advance 
of metasomatism. Furthermore, the mobilization of their constituents 
is indicated by abundant recrystallization of chlorite, hematite, magnet
ite, and sphene in the feldspathic and quartzo-feldspathic veins. So me 
of these veins correspond to the epidote-albite-hematite pegmatite 
in Fersmann's classification of granite pegmatites (1931). If the concept 
)pegmatite) is to be applied to them, they may be termedrather )contact 
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pegmatite», as the circulating solutions have obviously been contaminated 
by materials of the wall-rock. 

The nature of the resulting rocks in the genesis of helsinkite must 
essentially depend upon the composition of the parent rock in every 
individual case. This also causes the great variability in the composi
tion of helsinkites. For instance, neither albite nor epidote are necessarily 
present (Mellis 1932). 

The interpretation the author sets forth is not applicable to all the 
cases of the helsinkite genesis. "\Vhen the primary composition has been 
suitable, a helsinkitization can have been caused by purely autohydro
thermal alteration, as shown by Eskola (1934) of the porphyries of the 
Baltic. These rocks are different in character, and the changes haye 
taken place without co-operant tectonic factors. 

In some cases p1'ehnite is observed in association with other 10"'
temperature minerals. It seems to be accompanied by more abundant 
calcite. Judging from the mutual relations of the filled cracks, it is 
usually younger than chlorite and epidote. It is encountered in the rocks 
that have been most brecciated, for instance, in the crush zone cross
cutting the schist belt, in which Lake Pulasjärvi is situated. Albite
epidote rocks are also met there, but a chemical equilibrium seems to 
have seldom been attained at the alteration, since hornblende can be 
preserved in rocks intensely brecciated by prehnite, epidote, calcite, and 
quartz. These formations represent the last stage of the chemical changes 
in the rocks. 

SUMMARY AND DISCUSSION 

The processes considered in this division represent aseries of events 
that is usually characterized by an absolute increase of potash and silica 
in the rock complex. The mode of appearance of the potash metasomatism 
varies with the temperature and shearing stress. Excepting the granitiza 
tion, most of these phenomena have taken place at low temperatures 
corresponding to the conditions of the greenschist facies, as may be 
deduced from the mineral associations. In the rocks with microcline, 
chlorite, and micas both the biotite-chlorite and muscovite-chlorite sub
facies (Turner 1948, pp. 94- 96) are realized, and such an assemblage 
also indicates an excess of alumina, increasing when proceeding towards 
the muscovite-chlorite subfacies. The increase of muscovite, especially 
striking in the sericite (muscovite) schist, may indicate the lowest temper
ature, but can also be ascribed to a strong shear favouring the forma 
tion of muscovite. The predominant type of silicified schists with oligo
clase and biotite, again, must be due to a higher temperature, unless 
there is an disequilibrium in question. In any case, S. Gavelin (1939) 
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also has observed that mineral assemblages proving a higher grade of 
metamorphism are possible in such processes, for instance, plagioclase 
comparatively rich in anorthite in association with ore quartzites, and 
sulphide mineralization in the presence of hornblende. 

Turner (op. cit., p. 96) emphasizes that favourable conditions for a 
low-grade metamorphism are not only created by a particular temperature 
and pressure (and most often a shearing stress too), i. e., by physical 
factors, but the chemical activity of hydrothermal solutions and carbon 
dioxide are quite essential. But when these are active, the rocks may 
be also affected materially by removal of some constituents and consolida
tion of others. It is well-known that, for instance, in many silicate rocks 
of the greenschist facies lime has decreased, because it has been carried 
away by CO 2 01' other agencies. It is evident that a metamorphie differen
tiation can be involved in such a way. But if the mobility is high enough 
(it might be accelerated by intense deformation - Turner 1941, p. 14) 
and the materials migrate over long distances, we may call the altered 
rocks metasomatic as weIl. Moreover, as Eskola says (1932 a, and 1939, 
p. 405), the movement of material within the rock itself is due to interna) 
or e x tel' n a I operations, the latter being the introduction 01' extrae
tion of material and the general course of met aso m a t i s m. Tho 
influx of external fluids is favoured by movement planes (Wegmann 
1931, p. 62; Cheng 1944, p. 145; etc.), and those fluids may especially 
be drawn into the zones ofhigh shearing stress 01' crushing (cf. Turner, 1. c.). 

It seems that all those processes have been of importance in the low
temperature metasomatism in the area under discussion, and especially 
striking in the genesis of helsinkite. The mobilization of material has 
been accelerated by shear movements, but probably initiated by the 
outside potassic and siliceous solutions which may have been called to 
the scene just by these movements. The gradual transition from micro
cline granite through »microcline gneiss» to the potash-metasomatic 
rocks of the lowest grades of metasomatism indicates that we are probably 
dealing with a direct continuation of granitization, and, in consequence, 
the agencies originate from the same source as do those of granitization. 

This explanation of potash having caused many other kinds of meta
somatism also at low temperatures somewhat contradicts the opinion of 
Reynolds and Holmes (Reynolds 1946, Holmes and Reynolds 1947). 
In the last-mentioned work (pp. 58-60) the authors, applying the ideas 
of migration presented by Lapadu-Hargues (1945), suggest as follows: 
K is no more active after granitization, but can only migrate with the 
»basic front» set in motion by K itself, and it is just K that migrates in 
advance of albitization, and not the reverse. In the opinion of the present 
author, however, the accumulations, schlieren, and veins of epidote, 
albite, and other minerals, that are associated with a large-scale introduc
tion of potash into shear zones, as wen as the replacement of plagioclase, 
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indicate that the mobilization of the respective constituents must be 
ascribed to the main event, i. e., the potash metasomatism . In conse
quence, the relations would be the same as they are at granitization, 
according to Holmes and Reynolds. K having passed the range of its 
higher mobility and activity has been fixed, while many other elements 
have migrated. In the area investigated »basic fronts» of any nature 
are hardly observed elsewhere than in connection with low-temperature 
alterations caused by potash andJor silica metasomatism. Lastly, as 
regards the mobility of any particles, Turner (1948, p. 52) points out 
that »the concentration gradient set up between the moving and the 
immobile solutions, and within the latter itself» is a more important 
factor than their absolute velocities of diffusion for equal concentration 
gradients. Even though the circulating fluids were only »clouds of ions», 
their composition together with the solubility of solid materials in the 
pore solution is essential for the possibility of migration 01' consolidation. 
According to Bugge (1945), also external pressure, in addition to temper
ature and composition, is of importance. 

The influence of the potash metasomatism would thus extend over 
a very long period of time and a host of phenomena, from gTanitization 
to helsinkitization. The primary source of granitization, again, is the 
large-scale mobilization of all the materials in the great depths of ultra
metamorphism and palingenesis. 

We have looked into the convergence of »metamorphic» and »meta
somatic» in this chapter. Previously, we looked into the convergence 
of both those and »magmatic». It seems as if Read were not so wrong, 
as he emphasizes his »Unity of plutonism»! 



TECTONICS 

Bedding and folding. The strike of the bedding a ppears from the 
petrological map. It usually has a rat her constant trend, and the dip 
is steep 01' vertical with a few exceptions. Since parallel beds can be 
followed for long distances, it seems as if there has been in question a 
major folding with an almost horizontal axis. Inasmuch as no large 
syncline 01' anticline can be inferred from the map, we are probably 
dealing with the almost vertical limb of one large fold. However, it is 
evidently complicated by minor folding with the same axial direction, 
as is indicated here and there by the variations in the position of the 
base of the phyllite varves, and also directly seen in certain places. 
The axial plunge of these folds is usually 5-15°. 

Disturbances in the strike are observed in the vicinity of the Vär
mälä massif. The beds are somewhat bent at the northeastern and 
southeastern contacts of this massif, but more intense disturbances , 
although local and on a small scale, are seen in the phyllite E. and S. 
of it. There flow folds have been created, the general appearance and 
attitude of which is presented in Fig. 51 a. The folds can be more than 
100 m. in width, but are often only so me metres wide. Southwest of 
Lake Paalijärvi, where such a folding is most abundant , the axial plane 
strikes in the direction N. 5-30° E. and the dip is practically vertical. 
The axis plunges at 45-70° to S. W. Minor shear folds have sometimes 
been formed on the eastern limb of the flow folds (Fig. 51 b). South 

r 
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Fig. 51. (a) Diagram of the flow folds in phyllite E. of the Värmälä massif. 
Straight lines = cleavage. (b) Diagram of the shear folds on the eastern 

limb of a flow fold. Straight lines = fractures. 
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of the Värmälä massif the axial plane turns somewhat towards the E., 
and the axis does not plunge as regularly as it does farther E. In the 
western part of Aitolahti the beds, when deformed, are rather irregularly 
contorted, and adefinite folding has seldom taken place. However, 
some beds with a northwest-southeast strike, having certain parts of 
them overturned even to N. 10° E., suggest that the deformation has 
been similar in character to that described above. The axis plunges 
steeply to the N. side. 

Schistosity and cleavage. In a great part of the area, and almost 
always when the strike of the bedding is rat her constant and straight, 
the schistosity is parallel to the bedding, or deviates from it by only 
10- 15°. Or, where two different eleavages are present, the more distinct 
one is as mentioned. Judging from the deviations, the schistosity is 
probably a secondary phenomenon independent of the bedding in general 
and might be a flow eleavage associated with the major folding. How
ever, schistosity approximately parallel to bedding may be interpreted 
otherwise: it would have been developed on the primarily horizontal 
bedding by horizontal stretching (Roques 1941), or by forceful horizontal 
intrusion of magma (DeLury 1941). 

An evident flow cleavage is connected with the steeply-plunging 
minor folds E. and S. of the Värmälä massif, since the plane of cleavage 
is identical with the axial plane (Fig. 51 a). This schistosity is seen very 
distinctly in phyllites (Fig. 7, p . 23). A fracture and shear eleavage that 
is observed here and there in the same contorted beds may be in elose 
connection with the minor folds and flow eleavage. Southwest of Lake 
Paalijärvi it strikes in the direction N . 5° E. - N . 25° W., farther west N. 
10- 15° E., and in the western part of Aitolahti usually N. 35-45° E. 
The dip is always steep. In S. W. Aitolahti, another system of this 
fracture eleavage is occasionally observed, striking in the direction N. 
70-90° W. The same direction of shear is also encountered at the south
ern granite contact farther E ., in Orivesi, and is indicated, e. g., by an 
indistinct foliation in the granite. 

The above-treated phenomena of folding and cleavage E., S., and 
S. W. of the Värmälä granodiorite stock might be explained by a nearly 
horizontal couple, in which the central part of the schist belt , including 
the Värmälä massif, has rnoved eastwards in relation to the granite 
and veined gneiss in the south. Thus the minor folds would be drag folds 
(Billings 1946), and the massifs would have played the röte of competent 
beds. The fold axes plunge so steeply, and variably too, that they cannot 
be in harmony with a major folding. 

Occasional shear 01' fracture cleavage occurs also elsewhere, but most 
often the directions of the maximum shearing stress are expressed by 
joints and small faults 01' flexures. These ruptures are inelined at roughly 
45° to the strike of schistosity, and their dip is frequently practically 
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Fig. 5:2. 'fhe predominant trend ot thl' 
faults in thc <lIra in relation to thE' 

~elll'ral strike of tlw schistnsih·. 

lii~ . 53. Diagram of a contorted scllist 
"l\'pr with shcar fractnrp. TI1l' area he
r\i·pen La kes Pulasjäryi a nd Paalijäryi, 

Teis l;o - Kangasala. 

yertioal. The predominant trend of the faults, also deduoed from 
the attitude of open en echelon fraotures. is shown in Fig. 5:2. Both kinds 
oan ooeur togethe1' . The slip is, however, quite insignifioant, 1. - 1O om. 
as a rule. East of Lake Pulasjärvi. shea1' joints are sometimes found to 
be assooiated \\'ith a »light eontortion of Iayers where inoompetent beds 
are present (Fig . 53). The same phenomenon mayaIso ooour on a larger 
"oale, sinoe, for instanoe, a.t Lake PulasjärYi the beds are be nt in a 
"imilar Inanner, several oleavages varying in strike and strength oan be 
:-een, and a oomplioated net of well-developed joints is oon 'piouous. 
Thus this lake is probably situated in a large , hear fraeture. The orushed 
zon e j oontinued for about :2 km. towards the N. \V. 

J udging by their attitude and rathel' equal distribution in both the 
~~. E. - S. \Y. and N. \V. - i::;. E. direotion. these fraotures may be asoribeel 
to a oompressiye foroe that has operateel in an approximately no1'th
south direotion. Consequently. it seems to be identieal " 'ith that oompres
"ion that ha ' oauseel the main deformation of the ",hole area. 

,Joints pel'pendioular to the strike of the sohistosity are as oom111011 
as those desoribed above. whilst in Aitolahti they are e\-en largely pre
dominant. Probably they are extension joints and in oe1'tain oases seem 
to be older than the sheal' fractures, as quartz-filled eros, -joints 
are sometimes found to ha'-e been out anel displaoed by shea1' slippage. 

Distinot lineation, exp1'essed, e, g .. by the elongation of oonglome1'ate 
pebbles. oonoretions. hornblende orystals . ete. , plunges steeply with a 
few exoeptions, but the plunge i.s quite variable oyer large areas. In 
O1'ivesi and the eastern part of Teisko the lineation tends to plunge in 
clireotions between X. E. anci S. E. At Lake Paalijän-i and farther 
~. Vi'., as weU as :-:;.W. anel N. \Y. of the Värmälä massif the lineation 
plunges to the S. \Y. Some clistinot lineations plunging E. are obse1'ved 
in the yei.ned gneiss of Aitolahti anel at its northern border. In this 
oase. the plunge i usually l'ather gently inolineel Pi5- 4i)O). 

In addition, a slight striation or oontortion plunging gently oan be 

1.5 1ll2f'; 1 

--- - --- - - - - ---
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also obsen'ecl in the planes of the main schistosity. a lthough onl.\' in a 
few cases. They are sometimes seen in the planes of local shear cleavage , 
too. In this case, the plunge is steeply inclined. In association with 
slickensides a further but horizontal :,;triation is occasionally met with. 

E. Cloos, in his review (1046), emphasizes that the nature and origin 
of lineal' structures is by no means uniform. The same conclusion can 
also be drawn from the area under discussion. Deformations of different 
age and character have taken place. causing different linear structures. 
In certain cases the cause is cleducible. The weak gently-plunging linea 
tion in the plane of the main schi<;tosity is probaLly related to the primary 
b-axis of deformation, i. e. , the axis of the primar}' major folds. Concern
ing the drag folding, a distinct lineation is identical with the folcl axis. 
The case is thus what is regarded as normal, but there is quite a local 
and nearly vertical b-direction in question. The weak streaking of min
erals in association with shear cleavage also suggests a lineation parallel 
to the local b-axis, when ob 'erved in similar crinkled beds with a steeply
plunging axis of the 111inor folds. The lineation has evolved parallel to 
the intersection of shear cleavage with the bedding 01' another cleavage. 
Howe,-er, such striations. and especiall.v those in s lickensides proper 
can also be parallel to the mo'-ement of crust blocks past each other. 
Regardless of their origin, the interpretation of these sporadic traces of 
rat her late mo'-ements may be mainly of local significance. The tectonics 
associated \\'ith the Värmälä stock. recently studied by H ärme and 
Seitsaari (1050) and omitted in the present description, points to a furthel' 
particular case of tectonic events in the al'ea. On tbe basis of the linea 
tion and foliation within the massif itself and the lineations in its immediate 
surroundings (see map) , it was suggested that there is a tilted dome in 
question. thc rise of which has influenced the neighbourhood to some 
extent. An example of such an influence is also suggested by Härme 
(1949, p. 4-4). 

The most difficult problem is the ol'igin of the distinct steeply-plung
ing lineation quite characteristic of the whole schist belt. According to 
Neuvonen and Matisto (1948). it wonlcl represent the direction of the 
tectonic a-axis , i. e ., that of the moyement of rock sheets past one an
other in the main folding. In the bibliography quotecl and annotated 
by E. Cloos (op. cit.) examples are not lacking of phenomena that could 
be explained in a similar way. Recently. A. )Iikkola (1949 . p. fi5) has 
ascertainecl that in so me slates in the Karelian formations of Northern 
Finlancl a well-clevelopecl Iineation perpendicular to the axü; of the 
major folding has been formecl in the bedcling planes. In any casc. the 
li.near structure concerned is a fairly general feature in mall.\' areas of 
the Syecofenniclic territory, ancl thus it may owe its ol'igin to processes 
that are essential to folcling. Howeyel'. as appears also from the pl'eceding 
discussion , olle must be cautious of mi,;interpretatiollS. 
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