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PREFACE.

The field investigations for this work were carried out in the
summers 1935, —36. —37. The geological map of the Simsié area
was made during the summer 1935 and the specimens for petro-
fabric analysis were collected in the summers 1935and —36. Besides this
I visited during these summers nearly all the occurrences of quartzites
in South-west Finland, which are few in number. making field ob-
servations, collecting orientated specimens, which were later analyzed
structurally in the laboratory of the Mineralogical and Geological
Institute at the University of Helsinki in order to collect examples
of the orientation rules present. The areas thus investigated in S.W.
Finland are marked by numbers 1-—9 on Map [. The quartzite areas
in North and East Finland were visited during the summer of 1937;
field observations were made far more widely during my travels
along the route Muonio—Enontekio—Kittili—Rovaniemi—Petsamo
—Kemijiarvi—Salla—Vuorijarvi—Kuusamo—Puolanka—Paltamo—
Sotkamo—Koli—Kiihtelysvaara. The collected specimens trom certain
areas of Lapland and Karelia were subjected to laboratory examina-
tion during the winter of 1937.

I wish to take this opportunity to express my gratitude to those
who have promoted my work. My most sincere thanks are due to
my teacher, Professor Pentti Eskola, for many valuable suggestions
and helpful discussions of the problems in the course of my research,
as well as for his criticism of the manuscript.

Dr. Th. G. Sahama 1 thank for introducing me in the methods
of petrofabric analysis.

To Professor Aarne Laitakari, Director of the Geological Survey
of Finland, T am indebted for publishing my paper in the Bulletin
and for financial support on the part of the Geological Survey during
the field investigations of the summers 1935 and 1937. During the
summer of 1937 T also received grants from the F. J. Wiik Funds
of the University of Helsinki and from the Geographical Society of
Finland.

Miss Elsa Stahlberg had the laborious task of executing most
of the chemical analyses published in the present memoir and I wish
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to express my cordial thanks for her valuable collaboration. 1 also
acknowledge my gratitude to Mr. J. J. Carlberg and Mr. Pentti Ojan-
peri, who took an active part in my investigation; the former carried
out the separation and made the analyses of the diopside and the
griinerite from the quartzite of Orismala, while the latter did the
same with the rhodonite from the quartzite of Simsio, point 3.

I also heartily thank Miss Jean Hall of Cambridge, England, for
pleasant companionship during camping and excursions in Lapland
in the summer of 1937.

Miss Lyyli Dammert I thank for drawing most of the maps
and diagrams.




INTRODUCTION.

Outline of the Pre-Cambrian geology of Fin-
land. The great sub-divisions of the Pre-Cambrian of Finland are
the Svecofennidic territory in West Finland and the Karelidic range
in East Finland. Sederholm (1932) distinguished in the Svecofennidic
range the Svionian and the Bothnian formations with an unconfor-
mity between the two. In the Karelidic territory three types of
quartzites were distinguished according to the degree of the deforma-
tion, viz. 1) the Ladogan, nearly glassy types, supposed to belong to
the age-group of the Bothnian formation according to Sederholm;
2) the Kalevian, schistose types, and 3) the Jatulian, clastic varieties.
Younger than these is the Jotnian cycle, during which the Jotnian
sandstone and olivine-diabase of Satakunta and the rapakivi granites
have formed. Since the time of Sederholm geological thought has
changed in certain respects and already different classifications have
been provisionally proposed. Polkanow (1935) regards certain for-
mations in Lapland, including the Kola Peninsula, as formed during their
own cycle, which he calls the Saamian cycle. According to his opinion
a part of the quartzites of Lapland may belong to the remains of
the mountain chain folded during the Saamian orogenic period. Back-
lund (1936) has given the name Goto-Karelidic chain to that complex
to which the Karelidic formations of Karelia and Lapland belong
and that of »Norwegosamideny to Polkanov’s Saamian formations.
These classifications still rest upon a more or less tentative basis.
In this paper the word »Karelidic» is regarded as comprising the
whole mountain chain from Ladoga through Karelia and Lapland
to Northern Norway. The orogenesis of the Karelidic range is younger
than that of the Svecofennidic territory. Evidences of their age rela-
tions are visible in the following facts: 1) The strike of the Sveco-
fennidic range — directed W.-E. —is intersected by the south-
northerly Karelidic strike 2) Conglomerates of the Karelidic zone
contain pebbles which consist of rocks of the Svecofennidic territory.
The possible age differences between the distinctive formations of
the Karelidic range have not been considered in the present memoir,
because from the view-point of the quartzites this twofold classifica-
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tion is still satisfactory. Thus we get two territories with conspicuous
and important differences between them, as will be pointed out below.

These differences appear lithologically and petrologically as well
as tectonically. The quartzite occurrences of the Svecofennidic zone
are few in number and small in size. The quartzite is in most cases
glassy and wholly recrystallized. as for instance in the quartzite
areas of South Ostrobothnia (No. I-—5 on Map I) and Tiirismaa (No.
7). Traces of a clastic structure are, however, in some cases visible
and one of these quartzites, viz. that of Taalikkala (No.9), shows
a well preserved clastic structure. A red colour is characteristic of
some quartzites, as for instance those in Tiirismaa and Kiikala.
This red colour seems to hint at the persistence of the red sandstones
through the ages, as pointed out by Eskola (Eskola and Nieminen
1938). The quartzites of South Ostrobothnia form chemically their
own group, being rich in ferrous minerals.

The quartzites of the Karelidic formations differ from the former
in many respects. Characteristic of the Karelidic quartzites is the
Jatulian type. This variety has a clastic structure and in many
places types are met with in which larger and smaller quartz balls
occur abundantly in the psammitic quartzite. Sericite is a common
accessory. Hausen (1930) has described this type of the Jatulian
quartzites from Soanlahti, East Finland. Their structure is compar-
able with the structure of the date-quartzites of Krummendort.
Silesia, whose true nature Scheumann (1932) has demonstrated.
Quartzites of this type do not occur in the Svecofennidic territory.
The quartzites of the Kalevian type show in a greater degree traces
of deformation, being often wholly tectonized. Glassy varieties are
common. Sericite occurs also in these as an accessory, but generally
in smaller amounts; for instance in the Kalevian quartzite of Vuo-
katti, Kiehimé (No. 14), well-orientated small sericite scales appear
as inclusions in the crystalloblastic quartzite. This mode of occurrence
is similar to that described by Scheumann (1937) in the quartzites
south of Strehlen, Silesia.

Varieties containing feldspars occur mainly in Western Lapland.
while the quartzites of Karelia are very poor in these minerals. Also
the occurrence of granites penetrating quartzites is different. In
the quartzite areas of Lapland and Kainuu they are common. In
the Svecofennidic quartzite areas they appear also, but they are not
met with in the extensive quartzite areas of Central Karelia which
consist of Kalevian or Jatulian types.

Other types of sedimentary rocks, viz. phyllites and mica-schists.
occur in wide areas of both territories and they are very similar in
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their composition. In Karelia they are found in wide zones west
of the eastern quartzite areas. Their »fliischy character is evident
(Wegmann 1928).

The difference between these two territories appears also in the
character of the limestones. They consist, namely, of calcite in West
Finland, but are dolomitic in East Finland. This difference appears
also in the cement of some quartzites: the dolomite quartzites are
common in the Karelidic range, but in the Svecofennidic zone, where
carbonatic cement has been present, it has commonly been calcitic,
as for instance in Kuparsaari, Antrea (No. 10).

The rocks of the conglomerate pebbles indicate a marked difference
between the geological conditions during the time of the forma-
tion of these two mountain chains. Migmatite pebbles which occur
in the Karelidic conglomerates are not met with in the Svecofennidic
zone, indicating that, with few exceptions, no infracrustal formation
has been exposed during the time of the Svecofennidic mountain
building.

The occurrence of ophiolitic rocks is closely connected with the
mode of tectonics and shows a most marked difference between the
Karelidic and Svecofennidic ranges. Ophiolites are common in the
Karelidic zone but — on the contrary — do not occur in the Sveco-
fennidic formations.

The ophiolitic rocks of the Karelidic mountain chain consist of
various types of gabbros and peridotites or their metamorphic deriv-
ates, viz. amphibolites, serpentine rocks, greenschists and chlorite-
schists. Tale-dolomite and talec-magnesite rocks occur besides the
former. A glassy type of quartzite is common in connection with
the ophiolites. For instance the quartzite of Outokumpu copper mine
belongs to this group. These quartzites have not been investigated
in connection with the present work. The ophiolites occur in zones
parallel to the elongation of the ancient mountain chain west of the
eastern quartzite zone within the phyllite and mica-schist. This mode
of their occurrence shows a closest approximation to the occurrences
of ophiolites in the younger mountain chains. Kossmat (1937) has
recently discussed their occurrence and their role during the time of
mountain building in the Alpine Mediterranean chain. A comparison
of the Karelidic ophiolites with the general picture of these rocks
given by Kossmat and, from the whole world, by Benson (1926)
indicates them to be of a similar origin. Together with other geological
circumstances they give an evidence of that mode of tectonics, which
is assumed in the cases of younger mountain chains, viz. the so-
called Alpine tectonics.

1901.—38 2
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The occurrence of gabbros, peridotites and their metamorphic
derivates in West Finland differs in the greatest degree from the
mode of the occurrence of the Karelidic ophiolites. The femic rocks
of the Svecofennidic territory are typical plutonic rocks, occurring
as members of the differentiation series and, as a rule, being connected
with the synkinematic granites. They therefore appear as scattered
masses among other deep-seated rocks and have sometimes been
changed into serpentine rocks. Consequently they have not that
orogenic origin which is characteristic of the ophiolites. The tectonics
of the Svecofennidic chain show a resemblance to the so-called »Schlin-
geny» tectonics with chiefly steeply or vertically standing folding axes.

Diabase rocks as well as granites and migmatites occur in both
territories. The plutonic rocks have been intruded into their places
as smaller or larger masses belonging to different phases of each
cycle.

When observing the differences and similarities between these
two large territories of the Pre-Cambrian of Finland there arises
a question, which has been often discussed by various geologists —
as for instance by Backlund (1936, 1937) — viz. the question of the
rare occurrence of the quartzites in the Svecofennidic zone. This
is the more marked, as the quartzites occur very abundantly in
the Karelidic chain.

Scope and goal of the present investigation. In the title of the
present memoir the word Petrology is regarded as including the
study of petrofabrics, or structural petrology. besides the common
aspects of descriptive petrography and the interpretative study of
the genesis, the primary lithological characters, and the later changes
and metamorphic mineral development of the Pre-Cambrian quartz-
ites. During the last few decades the scope of petrology has been
extended to comprise petrofabric analysis to complete the geological
field investigation, to compare the micro-orientation of the rock
constituents with the megascopic structures and tectonics, and thus
to illuminate the conditions of strains and differential movements
under which the metamorphism has taken place and the present
geological structure has originated during the orogenic processes.

So far the Pre-Cambrian rocks of Fennoscandia have been little
studied by the methods of petrofabric analysis. It must be re-
membered, however, that Br. Sander, the founder of modern petro-
fabric study. himself subjected an arkosic paragneiss from Someron-
vuoret, Tampere region, to petrofabric analysis (Sander 1928) and
thereby showed that this paragneiss with well preserved current-
bedding is actually a typical girdle-tectonite. The investigation of
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the granulites of Lapland by Th. G. Sahama (1936) was the pioneer
work on a comprehensive areal complex along this line. In the Pre-
Cambrian of Sweden petrofabric work has been carried out by Ha-
betha (1936) on the granite of Karlshammar, by Wenk (1936) on
the rocks of Orno Huvud, and by Larsson (1938) in the Svinesund—
Kosterfjord region. In Norway, Barth (1936) has executed a few
petrofabric analyses of some Telemark granites. Bubnoff (1938) has
recently investigated the petrofabrics of the Hammer granite,
Bornholm.

The Pre-Cambrian quartzites of Fennoscandia have not so far
been studied by the methods of petrofabrics. Being almost mono-
mineralic rocks, often strongly sheared during the orogenic movements.
the quartzites could be expected to supply an especially valuable
subject for petrofabric analysis. After three years’ work I have the
satisfaction of being the first to show what the Finnish quartzites
are like in this respect. So much can be said at the outset that ex-
pectations have been fulfilled: petrofabric study of the Finnish
quartzites has much to offer for a better understanding of the tectonics
of the Pre-Cambrian and its rock metamorphism. But the subject
is immense, and I am quite conscious of the fact that I could merely
bring together a few rather fortuitous samples of quartz orientation
and by no means furnish any systematic investigation of the Finnish
quartzites.

The work was commenced at the quartzite area of Simsio in Lapua,
South Ostrobothnia (point 1, Map I). This locality has become well
known for its manganese minerals, on which a preliminary investiga-
tion has been published (Hietanen 1936). The very first petrofabric
analysis of the Simsio quartzite revealed an orientation according
to the so-called Trener «-rule (c of the quartz at right angles to the
schistosity). It was therefore decided to investigate quartzites from
different parts of the country to find out in the first place what rules
of quartz orientation were most common in the Pre-Cambrian quartz-
ites of different areas and different age-groups. I therefore examined
microscopically all the thin sections of Finnish quartzites existing
in the collections of the University Institute and the Geological
Survey and carried out a preliminary determination of the quartz
orientation by means of a gypsum plate. In most cases no regular
orientation could be proved by means of a gypsum plate. The orienta-
tion ¢ parallel to the schistosity of the quartzites of Western Lapland
was, however, found already in this preliminary investigation. A
U-stage investigation showed an orientation to exist, but to follow
more complicated rules also in many such cases, where no orienta-
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tion can be revealed by means of simple optical reactions. In other
fairly numerous cases no orientation exists.

After a preliminary survey I decided to concentrate the petro-
fabric work more especially on two small quartzite areas, viz., those
of Simsi6 in Lapua and Olostunturi in Muonio, Western Lapland.
The Simsio area was selected as a representative of the Pre-Karelidic
Territory of South-west Finland, while the Olostunturi area was to
represent the Karelidic zone in which the orientation rules were ex-
pected to be materially different from those of S.W. Finland. From
the wide quartzite areas of the Karelidic territory only the quartzites
of Olostunturi and Jyppyri were studied more closely. Samples for
petrofabric analysis were collected from the Kiehimi area in Paltamo,
from Vuokatti in Sotkamo and Koli in Juuka. All quartzites from
the areas in South Ostrobothnia as well as those of Tiirismaa and
Tytarsaari were subjected to petrofabric study.

In the course of the fabric analyses the phenomena of the undulose
extinction and the Bohm striations in the quartz from the hill Simsio
in Lapua suggested some ideas that may have some general bearing
with regard to the mechanics of the lattice orientation in quartz.
This led to a series of comparative observations in quartzites from
different parts of Finland. These observations and the conclusions
drawn from them will be presented in connection with the descrip-
tion of the Simsio area.

A marked difference in the tectonics of the Karelidic and Sveco-
fennidic formations offers to the petrofabric study a suitable opportun-
ity of comparing the orogenic movements which have taken place
at the time of their folding, or later.

The quartzite areas in South Ostrobothnia brought forth the
problem of the relations between granite and quartzite. In the Simsio
area, namely, small granite masses occur inside the quartzite area
and this mode of occurrence seemed to hint at the easy granitization
of the quartzites. The quartzite areas of Kélvia and Western Lap-
land were found suitable to throw light on this matter, as feldspar
was a common minor constituent in these quartzites, and the in-
vestigation of its origin seemed to illuminate the granitization of
the quartzites.




I. SVECOFENNIDIC QUARTZITE AREAS.
A. QUARTZITE AREAS OF SOUTH OSTROBOTHNIA.
l. SIMSIO AND SURROUNDING QUARTZITE AREAS.

Geological outline.

Map II shows the district comprising areas of quartzite rocks
in Lapua (area 1 of Map I). The quartzite forms bigger and smaller
lenses lying on their edges among the other rocks, which consist of
amphibolites, granites, and migmatites. The hill Simsit represents

s ...4
L
bl 41
1‘*‘T!
\,{

Fig. 1. Contact between granite and quartzite,
Simsié. Scale 1:30.

a horizontal section of the largest of the exposed quartzite lenses.
It is 9 km in length and 3 km in breadth. The strike is mostly N.
0°—15" E. with many small and two bigger folds. The schists dip
from 75 to 85° to the east, or their plane of schistosity is vertical.
The smaller quartzite lenticles have the same strike. Near the farm
Takaluoma it, however, arches in an E.—W. direction.

As we can see on the map, quartzite, amphibolite and granite
alternate in the whole area, the quartzite sometimes being next to
amphibolites and sometimes next to granites and all the rocks hav-
ing the same strike. Contacts between the quartzite and granite
were found in many places and they are of different character. Near
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the farm Tervasmiki the granite joins the quartzite, forming migmat-
ite. Occasionally we can meet with definite contacts but usually
the passage from the one rock to the other is gradual. The amount
of the feldspar decreases according to its distance from the contact.
The dark components of the granite are the first to disappear and
then the feldspar. Quartz increases at the same time. The most
interesting fact is, that the strike continues undisturbed across the
contact. The contact relations look as if the feldspar had taken its
place in the quartzite by corrosion. Fig. 1 shows schematically a
contact zone of this kind situated in the middle of Simsio. The strike
of the schist is distinctly visible. Feldspar grains occur very close
together near the granite boundary, but soon their number decreases.
and about 10 em from the contact line they are absent. On the west
side of Simsio (point 7) we meet with a contact between quartzite
and a continuous gneissose granite mass. The middle of this outerop
belongs to a narrow quartzite zone situated within the granite. The
strike of the quartzite is N.—S. and the dip vertical. Diopside layers
occur abundantly and they build boudinages (Wegmann 1932). The
granite has penetrated into them both (fig. 1, PL. I). We can see in
this outerop dark diopside lenticles in a distinctly schistose, fine-grained
quartzite. Light-coloured, coarse-grained granite rich in feldspar
may be seen as a larger mass, while smaller masses of granite and
grains of feldspar are quite common in this contact zone. Occasionally
the granite occurs in the quartzite as rather long lenses parallel to
the strike of the country-rock. The strike continues undisturbed
here also, but near to large granite masses we can occasionally see
disturbed strikes or no schistosity at all. In the latter case the quartz-
ite is glassy.

In many granite lenses we can see the same strike as in the
surrounding quartzites. It looks as if the quartz grains of the granite
were lying in their original positions and the feldspar grains had
penetrated the rock afterwards, taking their places by corrosion
and replacing the quartz as in the previously described contact zones.

A contact zone of a different kind occurs on the west side of
Simsio at point 51 Map. IT. The continuous granite here penetrates like
fingers between quartzite and amphibolite and encloses small lenticles
of both. The strike of some though not all lenses is conformable
with that of the granite. It seems to me that here the granite has
intruded more mechanically. Similarly, at the southern end of Simsié.
near Tervasmiki, we can see lenticles of quartzite lying within the
gneissose granite, the strike of the granite winding around the lenticles.
Here, however, feldspar may also have come into the quartzite without
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disturbing the strike. The huge southern granite mass has obviously
assumed its position partly mechanically, but its energy has not
been very strong, as only at a few places has it been able to cut the
neighbouring schists. Its internal pressure, however, has been strong
enough to press granite into the schists, while the granite must have
gradually corroded its way into the quartzite. The same granite has
penetrated the whole quartzite area, building fairly small, elongated
lenticles inside the quartzite, and outside it long, narrow masses
orientated along the schistosity. One might expect that a granite
which has originated in this way would be richer in quartz than the
normal variety. However, the analysis of a granite specimen from
Paasinméki (Table I) by Miss Elsa Stahlberg showed quite a normal
composition. The metasomatic interchange of the components must
have been complete, or this granite mass has intruded mechanically.

Table I.
CGranite, Paasinméaki, Lapua.

oL Mode b

S0y surenssbnszmns os 74.46

AlLLOg coviiiean e 13.36

BeoOyonsmas s 0.83
Be@ .0iisezinnomdens 0.99 QUATEZ « co vwwm s s wmns 5 33.6
MnO ................ 0.02 Microcline ............... 15.5
MFO o ivsmps pmpswaise 0.34 Plagioclase (Anyg)........ 45.5
0ol seovmm: smws smuss 1.63 Biotite: : s e smws snws sway s 5.7
NGO wvevs s o+ 4.42 T 100.6

KO s cpms cnmssmmsny 3.82

MOy v.co s smns s mms v ma 0.19

POz .« vviivmanman nime 0.01

HoQcds cineinwinseses 0.50

B0 :s0s smmns sosrms 0.02

100.59

Generally the quartzite lenses are surrounded by amphibolites
and, where granite masses appear, the granite has penetrated them
as well as quartzites. Thus for instance in Paasinméki granite occurs
as small masses and veins in amphibolite rocks. On the west side
of Simsio it seems as if the granite had found an easier way in quartz-
ite than in amphibolite. The westernmost of the quartzite lenses is
surrounded by amphibolite and it is much larger than the other.
The one in the middle is shortest and it seems as if the granite had
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corroded away its southern end, for at the north end of the narrow
zone between amphibolite rocks there is quartzite, but at the south
end gneissose granite is found. However, it is in these granite rocks
that fragments of amphibolite and quartzite occur enclosed in the
granite as described on p. 14. This indicates a common mechanical
way of intrusion.

Petrology.

Amphibolites. These rocks are rather variable. We meet with
all sorts, from a quite massive type to a well foliated variety in which
hornblende appears needle-like and the light components are in the
minority. The amphibolite of Janismaki differs from all the others,
consisting either of light-coloured, diopside-rich lenticles enclosed in
dark hornblende-schist, or of hornblende-rich lenticles in a diopside-
plagioclase rock. Plagioclase is of the same composition (27 9, An)
in both varieties of the rock. The contact between this schist and
its country-rock, migmatite, is exposed on the railway line east of
Janismaki. Diopside-rich amphibolite occurs as lenticles in the
migmatite, which is similarly enclosed by the amphibolite. On the
west side of this outcrop there is a rather small mass of granite which
adjoins both the rocks mentioned above. Their strike is N.-S. The
small lenticles have the same strike. In Paasinmiki we meet with
the same variety of diopside-rich amphibolite. In the east part of
the area the rock is diopside-plagioclase schist and it has dark horn-
blende lenticles about 5 ¢m in length and 1 ¢m in breadth, exposed
at regular intervals on its surface. The amphibolite at the south
end of the area is more massive, like that on the west side, nearest to
Simsio. The amphibolite bordering upon the migmatite, west of point 51,
looks rather intrusive, distinctly foliated. partly fine-grained. A coarse-
grained type. however, may occur occasionally. Hornblende appears
there in about 3 cm long crystals. Narrow bands of limestone are
intercalated in this rock. The outcrops south of Takaluoma are made
up of dark-coloured, distinctly foliated amphibolite, orientated along
the strike. The small amphibolite lenticles upon Simsio consist in
part of medium-grained, foliated schist, but a more massive variety
also occasionally occurs. The amphibolite and the quartzite have
always the same strike. On the west side of Jinismiki quartzite
occurs at one outcrop in very narrow, only a few cm broad beds in
the amphibolite.

Phyllite. Beds of this rock are lying here and there in quartzite,
mainly on the slopes of Simsio and in Ritamiki. They are usually
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rather narrow, about from 5 to only 10 em broad. Occasionally they
may be somewhat broader, as for instance in Ritamiki. The phyllite
is always rusty and weathered and usually comparatively coarse-
grained. Its mineral components are quartz, feldspar, mica. graphite
and ores. viz., magnetite, pyrite and pyrrhotite. In many places
diopside occurs in addition, as in Ritaméki. Massive-looking fine-
grained phyllite and coarse-grained quartzite often alternate irregu-
larly, both of them containing grains of the ore-minerals mentioned
before. Occasionally, again, the narrow phyllite-beds are fairly
regular, and their vertical folding axis is distinctly visible.

The granites of the Simsio area are gneissose, as already mentioned
and belong to the synkinematic eruption series (analysis on Table I,
p. 15). Their parallel structure has the same direction as the strike
of the adjacent schists, but the direction of their linear structure is
variable, on the west side of Simsio 55°N.. and at the south end of the hill
and in Paasinméki vertical. The colour is reddish or gray. The min-
eral components are quartz, plagioclase, microcline and biotite. Besides
the gray-coloured biotite-granite, another type in which the feldspar
appears as lath-shaped phenocrysts occurs as small masses upon
Simsio. This variety is massive and non-orientated. Its components
are the same as those of the former type. The colour is reddish.
Pegmatitic granites occur occasionally in small masses.

Quartzite. The colour of this rock is bright blue in the main part
of the glassy type, and pale bluish in the more schistose variety.
A reddish, coarse-grained type occurs occasionally, especially near
the View-tower. The grain size is variable in ditferent types. The
blue varieties are very coarse-grained, glassy-looking, and consist
of nearly pure quartz. Only a little graphite in the form of scales
may be found. This blue type appears mainly in the middle of the
hill. Here and there it is accompanied by a pale-bluish. foliated.
fine-grained variety.

The strike is usually difficult to observe because of a perpendicular
jointing. It is distinct only in such places where certain mineral
components are orientated parallel to the schistosity.

The smaller quartzite occurrences around Simsio are composed
of the same kind of blue or pale-coloured rock. The pale-bluish, fine-
grained type prevails for instance in Paasinmiki and near the farm
Sorvari, but the other varieties also occur generally.

Constituents occurring in minor quantities are very few. Only a little
graphite and occasionally garnet have been observed. The latter, pro-
bably a manganese-garnet, is found in two places on the path leading to
the View-tower on the east side of the hill, about 150 m and 300 m

1901,—38 3
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from the border. But in these places, too, this mineral occurs in such
a restricted area that the occurrences may be regarded as mineral
accumulations which are very common upon Simsit, represented
by other minerals, namely, 1) diopside-bearing layers and lenticles.
2) ore minerals, and 3) manganese-bearing minerals. Kven graphite
may appear as veins and small masses.

Mineralogy of the Quartzite. The Manganese Minerals.

1. Diopside. Among the accumulations of accessory minerals
those of diopside are most common upon Simsié. They occur mainly
on the hill slopes. Infig. 1 (PL I) we see a picture of an outcrop, where
diopside lenticles occur rather abundantly. They are apparently
parts of once continuous layers which have been subjected to a ten-
sional strain, thus giving rise to the pieces now occurring in the manner
of boudins in foliated, pale-coloured quartzite. Their size is variable.
1—10 em broad and 10—100 ¢m long masses are most common, but
occurrences of different shapes are also met with, as for example
at the north end of the hill where narrow beds of diopside ranging
from 1 mm to 5 mm in breadth are intercalated in the quartzite at
a distance of about 1 em from each other. An outcrop, measuring
3 m in breadth and 10 m in length, composed of diopside with almost
colourless, actinolitic (?) hornblende is met with on the path leading
to the View-tower. It also occurs abundantly at a pond about 1,
km south of the former place. The mineral components of the rock
from this place are diopside and a little plagioclase (62 °/, An), pale-
coloured biotite, and actinolitic hornblende. Minor constituents are
clinozoisite, zircon, apatite, and titanite.

The diopside lenticles usually consist of almost pure diopside with
only a small amount of colourless amphibole. Scaly graphite appears
in small quantities. Calcite and manganocalcite occur occasionally.
The latter is met with in accumulations of manganese-bearing diopside,
which can be identified from its dark-coloured weathering surface.
The manganocalcite, of rhombohedral crystal form, was found to
be transparent and pink in colour. A qualitative test indicated the
presence of manganese. The refractive indices determined by im-
mersion were (Hietanen 1936) & — l.496, » = l.666. According
to Harada (1935) they indicate a content of 4.45 9, MnO. As a rule.
however, the original dolomitic calcite has reacted with silica to the
exhaustion of either the quartz or the calcite. Feldspar is found
in a few diopside occurrences, though in rather small quantities.
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The hornblende is a very pale-green actinolitic variety and occurs
occasionally in the quartzite as columnar grains orientated parallel
to the schistosity and lying in narrow beds. The refractive indices
of the mineral measured by immersion are « = l.644, " = 1.660.
The optic axial angle measured by the U-stage is (+) 2V = 73.5".
The refractive indices of the diopside were determined from two
specimens as follows: o« = 1.678 4 0.001, f = l.6s7 = 0.001, y =
1.707 4 0.001; (+) 2V = 59°44’. The diopside in the amphibolite
of Paasimiki gave the same optic data.

The amphibole occurring in diopside masses and also often
associated with the manganese minerals has the refractive indices
«" = 1.678, y' = 1.700 and the optic angle (+) 2V = 97.5°. It
shows a high birefringence and twinning. The colour is golden-brown.
These properties indicate that it belongs to the griinerite series.
The [FeO]: [MgO] ratio is about 2.s5 according to Winchell. In the
accompanying diopside the same ratio is about 0.79, or much lower
than in the amphibole.

The mica accompanying the diopside and occasionally present
in the quartzite is a pale-coloured biotite. The pale colour indicates
a large proportion of magnesia.

In some specimens of manganese minerals the biotite is of a deeper
colour and shows a strong pleochroism, « pale yellow. y greenish gray
shading into violet, and absorption y > «. Its grayish colour indicates
a content of manganese. as also found by a qualitative analysis. This
manganeous mica has a refractive index y = 1.596.

2. Ore manerals. Grains of sulphidic and oxidic minerals are
rather common in the quartzite and in the phyllite beds. The surfaces
of the ore-bearing rocks are rusty and weathered and. in dry weather,
covered with white iron salts. In quartzite the ore minerals occur
as accumulations with a diameter varying from, one to three meters.
These ore impregnations are usually small and poor. Only in a few
places on the slopes of the hill, where they appear in greater numbers,
are they richer and more extensive. One of them is found on the
road leading over Simsio on the west side of the hill. In addition
to the pyrrhotite and magnetite generally occurring in the quartzite
we have here also crystalline pyrite. As a rule the quartzites in the
hill-slopes are rusty owing to pyrrhotite. and are magnetite-bearing.
Thus all the rocks on the road passing the farm Isoluoma are ore-
bearing. On the west side of the hill we meet with a bed consisting
of a very rusty ore-bearing phyllite.

The southern part of Simsio, where the outcrops are few and flat,
is underlain by rusty ore-bearing quartzite together with phyllite.
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On the east side of Simsio rusty quartzite and phyllite zones alternate;
both are ore-bearing. The middle part of the hill is mainly composed
of pure quartz with a few patches of ore. ranging from one to two
m in diameter. In the small quartzite occurrences around Simsio
ore impregnations are met with, especially in Paasinmiki and in
Jéanisméki. As mentioned earlier, the schists of Ritamiki are composed
of rusty phyllite-quartzite rocks. Pyrrhotite is also found in fresh
quartzite as grains with a diameter of 1—5 mm.

3. Manganese minerals. Very numerous accumulations of manga-
nese minerals are found upon Simsio. They are generally rather
small and only two of them are of larger size. In addition several
diopside occurrences are manganese-bearing. as described previously.
One of the two larger occurrences of manganese silicates. discovered
by Dr. Saksela (1933). is situated on the path leading to the view-
tower, 300 m from the eastern border of Simsio. The manganese
mineral is of a brown colour with dark weathering-surtaces. The
grain size is variable. The biggest crystals are over 12 em long and
they contain abundant inclusions. These inclusions mainly consist
of the same mineral as the big crystals themselves. but also of other
minerals, e. g. quartz and calcite. They are often big enough to be
visible even to the naked eye. The fine-grained mineral contains
also plenty of inclusions visible under the microscope. They are,
however, so small. that their character cannot be determined.

This mineral has two cleavages: one of them, viz. (110) is more
perfect. The cleavage angle 110 /\ 110, measured by a goniometer,
is = 91°53’, which is an average of five different readings from cleav-
age splinters of the same crystal. Several of the measurings differ
considerably from each other. The mineral seems to have »vicinal
cleavages» in connection with the less perfect cleavage (110). The
axial plane is near the plane bisecting the acute angle (110) A (110);
the axial angle () 2V = 39.5°, determined by means of the Fe-
dorow stage. The direction of extinction on (010) is 5.5° and on (010)
it is 41°. In immersion liquids the refractive indices were determined
as follows: « = 1.738 4 0.001; f = l.742 -+ 0.001; 7 = 1.754 +
0.001. « and y were determined in one cleavage splinter and g in a
thin section from the same splinter.

The values differ from those determined in the same material
and published in an earlier paper (Hietanen 1936. p. 392). They
were determined in cleavage splinters from separated material and
show a higher birefringence. The error in this respect was due to a
variation in the composition of the mineral.
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The analysis of this mineral has been published earlier, it then
being called rhodonite, and is quoted below.

Pyroxmangite, Simsio. 2.

Spec. gravity 3.762—3.750.

The analysis shows the closest

Table IT.
o Mol.
... 46.51 0.7713
wis 19.19 0.2661
... 29.34 0.4137
0.7808

1.96 0.0486
2.94 0.0524
0.25 0.0139

100.12

Loor
(’xce/‘/fn/ f,jf

approximation to the pyrox-
mangite from Idaho described
by Henderson and Glass (1936).
The optic data approximate
those of the same mineral. but
the specific gravity shows a
considerable difference from the
value 3.66 of the Idaho pyrox-
mangite. The smaller optic axial
angle distinguishes this mineral
from the rhodonite and. with
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Fig. 2. A cleavage splinter of pyroxmang-
o (=]
27 a. Each side shows two

ite, Simsio

the other properties. permits of reflections of which the quality is marked.
The directions of the crystal faces are

drawn perpendicular to the reflections.

it being determined as py r-
oxmangite.

The second accumulation of manganese minerals situated at the
southern part of Simsio, point 27 on map 111, consists of one larger mass
and several smaller ones around the larger mass. The small masses
occasionally build boudins and the passage into quartzite is gradual.
The mineral of the largest mass is brownish red and mostly fine-
grained. Brown-coloured porphyroblasts ranging from 4 to 6 cm in
length are enclosed in this fine-grained mass. The properties of this
brown mineral differ in some respects from those of the pyroxmangite
from the northern part of Simsio. The colour is paler and the re-
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fractive indices lower, namely: « = 1.731 4 0.001; S == 1.734 +
0.001: y = 1.749 4 0.001. It has, however, a similar small, positive
axial angle, (4) 2 V == 40°, measured by means of the U-stage, and
it shows the same cleavage angles as pyroxmangite (viz. 91°44.5").
These properties indicate that it belongs tothepyroxmangites.
One cleavage splinter of this pyroxmangite showed, besides the prism
cleavage, two other cleavage directions (fig. 2). One of them forms
an angle of 45°12.5" with the perfect cleavage direction (110) and
the angle of 43°3.5" with the plane (110). These values show an approx-

00

Tig. 3. Optical orientation of the pyroxmangite,
Simsié 27 a, and the rhodonite 27 c.

imation to the values which Ford and Bradley (1913) found to be-
long to the plane (010). The second cleavage plane forms the angles
of 47°16" and 44°28" with (110) and (110) vespectively and, it may
be the plane (100). The angle between (010) and (100) was in this
case the same as the prism angle of rhodonite viz. 92°28.5". Fig. 3
shows the optical orientation of this pyroxmangite.

Pure mineral for an analysis from a big single crystal was separated
by means of the Clerici solution, the specific gravity ranging from
3.679 to 3.688.

An analysis made by Miss Elsa Stahlberg shows the following
result:
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Table III.

Pyroxmangite, Simsio 27 a.

% Mol.
SIOw 5 sowsgansmus swnsveyss 47.04 0.7801
O e 6o B G AT @M ME ST trace
AlLLOg oo 0.00
BeyOy swssvnssnvsnassnnas 0.66 0.0041
B0 3n; vmesmmsonng SnmNE T 12.35 0.1719)
MnO ......ooviiiiiiiin. 33.37 0.4705 | 5 i
L7800

MECY .5 5.0 50 w00 8 wm e s s 3.48 0.0863
QOO 205 s s 30 waws FEST 2.88 0.0513
H,O— ... ... . 0.08
] T T 0.57

100.43

The manganese mineral of the small lenticles was found to be
rhodonite and was described in the earlier paper (Hietanen
1936, p. 391). It shows a brownish red colour and a grain size ranging
from 1 mm to 4 mm. The refractive indices measured in one single
crystal were: e« = 1.729 4 0.001; B = 1.734 £ 0.001; p == l.741 4
0.001. The axial angle shows variable values ranging from --68~
to +73.5°. The optical orientation is shown in fig. 3.

The analysis may be quoted below:

Table IV.

Rhodonite, Simsio 27 c.

% Mol.
SIO, oo 46.54 0.7768
FeO ... .. . 7.33 0.1020 ]
MO, scamz 207 s o e-sEaos 38.92 0.5487 | Oiasss
MgO ..o 2.83 0.0702 77T
CaO ... 3.44 0.0613 |
BN 300 setem.a pmsm 20 n s g 555 0.26 0.0144

100.12 99.62
spec. gravity 3.641—3.647.

The properties of the brownish-red fine-grained mineral from
the largest mass in locality 27 show approximation partly to the
neighbouring pyroxmangite and partly to the rhodonite of the small
lenses. The spec. gravity is the same as that of the pyroxmangite,
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viz. 3.678—3.6s85. The grains, ranging from 1 mm to 4 mm in dia-
meter, show the cleavages for rhodonite, averaging (110 A 110) -
92°35', the different measurements differing considerably from each
other. Some cleavage splinters give the cleavage planes (010) and
(100) and the angle between them was also found to be close to the
cleavage angle of the rhodonite. The measurement of the optic data
gave the following results: ¢ = 1.720 4 0.001, S = 1.734 + 0.001.
y = L7144 £ 0.001. +2V = 66.5°. The value of the birefringence.
0.015, is lower than that of the pyroxmangite (0.01s) but higher than
that of the rhodonite (0.012). Also the optic axial angle shows a value
lying between the measurements of the optic axial angles of rhodonite
and pyroxmangite, but shows, however, a closer approximation to
the rhodonite. Several small pyroxmangite crystals are found in
thin sections among this rhodonite and it may be that the material
separated for analysis contained some pyroxmangite, as they have
the same spec. gravity.

The analysis of this mineral made by Miss Elsa Stahlberg shows
the following result:

Table V.

Rhodonite, Simsio 27 h.

A Mol.

By ot ns ammEsm i BEsE bl 4 46.40 0.7695
TR Gl . .58 515117 0t B s 0.00
Bl 0ig) ous 55 samsioninos s swam e 6 0.00
BesQi ox o msioms coaiinvsas L.o9o 0.0068
B ; copranigase s BEs .. 10.5 0.1454)
MnO .................... 35.36 0.1987 LU .
MgO ..o 2.06  O.os11( 0
B0 s e orman s Ang st mme 4.38 U.umlj
H O+ .o 0.64
B O 54 sz asmaasias s onae 0.08

100.46

These three manganese minerals from one and the same locality
show only inconsiderable differences in their chemical composition.
The rhodonite 27 ¢ is poorest in iron and has the lowest refractive
index « and the largest optical angle. Seeing that the mineral 27 b is a
rhodonite it has an exceptionally small optic axial angle and a high
birefringence which shows an approximation to the pyroxmangite
group. Now, as we can see, the iron percentage of the pyroxmangite
27 a is about 2 ) larger than that of the rhodonite 27 b and it has
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all the optical properties of pyroxmangites. All three minerals have
the same value of the index 5. The most marked difference between
the pyroxmangite 27 a and the rhodonite 27 b is shown in the measure-
ment of the optic axial angle.

The smaller manganese mineral accumulations. which occur most
abundantly on both sides of the path leading to the View-tower,
consist of brownish-red fine-grained rhodonite, or of partly fine-
grained and partly coarse-grained pyroxmangite. At many places
these minerals and quartz occur together as fine-grained brown masses.

A sample of rhodonite from point 3 shows the refractive
indices « == 1.782 4 0.001, f ==1.737 4= 0.001, p == 1.744 4 0.001
and the axial angle 2V varying from + 72° to —88°.

The analyses made by Mr. Pentti Ojanperid gave the following
result:

Table VI.
Rhodonite, Simsié 3.
oL Mol.

SiOp oo o 46.28 0.7675
TiOy oo trace
Al w:omsrewninns smns sns 0.00
Fe,O5 ...t 0.23 0.0014
FeO ... ... ... ... 10.88 0.1514)
MO = sowsonsinns sowms sns 39.72 0'5599L0~*~
MgO ..o 0.14  O.0085 (07
CaO ..o 2.87 0.0512J
H, O sossomsiomsisnssms 0.18
HO— ... 0.08

100.22

Spec. gravity 3.647—3.650.

This rhodonite is richer in iron than that from point 27 analysed
by me (see p. 23) and its refractive indices are higher. y is similar
to that of No. 27 b, but the birefringence has the same value as rho-
donite 27 ¢, viz. 0.012.

A pyroxmangite from point 5 contains abundant inclusions
of graphite and magnetite. Its colour is a darker brown than that
of the other pyroxmangites. The cleavage angle between (110) and
(li()) is measured as 91°40’. The optic data are as follows: ¢ = 1.734
+ 0.001, = 1.7387 &+ 0.001. ¥ = 1.751 - 0.001; 2V = 37.5°.

The analysis made by Miss Elsa Stahlberg gave the following
result:

1901,—38 4




Table VII.

Pyroxmangite, Simsio 5.

% Mol.
IO s o555 s 2 5 s 5 46.48 0.7708
O s m s m s Ees e S trace
AW 51 s ot & S AT TSRS TR 0.00
BeuOy . o5 onssincamsssmss o 2.37 0.0148
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FeO ... .. .. . . 22.32 0.3106)
MAQ o5 e S, ol s e W T 21.09 0.2973
‘ (.u 76

MO sosmms s s somas isiam ms 3.11 0.0771
CED e srters vt~ ol St 4.64 0.0827

100.67
Spec. gravity 3.728—3.730.

The considerable amount of Fe,O, may be due to a high degree
of weathering of the material and to the inclusions of magnetite.

Table VIII. Pyroxmangite.

13 | 14 | 24 15 ‘ 23 16 22
Locality Iva, South | V. Silvberg h"l!nsi(i 5 Idaho [ ,\‘ignsii'} 2 Glenelg Simsio 27a
Carolina Sweden Finland Finland Scotland Finland
Data by Glass ‘ Sundius Hietanen Glass | Hietanen Tilley Hietanen
Anal. by ‘ Bradley | Bygdén | Stahlberg Hmulorsun] Hietanen ‘ Bennett | Stahlbers
‘ | ‘
m:M ..... 91°50" 92°12' 91740/ 91°44' 91°53' 91°44.5
Meh ...s 45°14' 45°22' 45°12.5
Mab oo | 42°56' 43°18’ 3°
ALY s Y | i 96°—
{1 TR
Mg .50
GEE sicss |63 70 65
0] e s 1.748 1.738 1.734 1.737 1738 1.732 1.731
. 1.750 1.740 1.737 1.740 L742 1,785 1734
W smmazesas 1.764 1.755 1.751 1754 1.754 1.750 1.749
o 7 0.016 | 0.017 0.017 0.017 0.016 0.018 0.01s
+2V ..... 37 42° 37.5 39 39.5° 41° 40
Disp. -.... o>V | 0>V 0>V o>V 0>V
FeSi0y .... 5b 46 43 38 35 | 28 23
MnSiOy . ... 41 39 39 51 b4 55 | 62
MgSiO, . ... 0 2 8 b 5 | 11 | 6
CaSiO; .... | 4 12 10 6 6 6 9
Spec. gr. ... | | 3.12 3.66 3.75 | 3.63 | 3.68
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Table IX. Rhodonite.
S | 12 i \ 19 [ 21 20 11
Tun: Broken Hi : ;

Locality Haona |Proken HUll - oineio 3 [simsis 27 bSimsis 27 ¢ Bald Knob
Sweden ‘ Australia Finland ‘ Finland | Finland N. Carolina

Data by Sundius (Hlass Hietanen | Hietanen Hietanen | Glass
Anal. by Bygdén ‘Humh-rmu ()jzlll[)ﬁrﬁ o ‘ Stahlberg | Hietanen H;mh-rson

T I I
O w5t Sares S awEy o8 Lr2s | 1.726 | 1.732 1.729 1.729 1.724
B s cresnsmnsg s o 1.728 1.730 L.737 1.734 1.734| 1.728
P s ws s e s s 1,737 1.739 | 1.744 1.744 1.741] 1737
P 55 o s s 0.012 0.013 | 0.012 0.015 0.012 0.013
QN o s saogmaassies 70° | 74 72°— —88° 66.5°|68"—73.5°| 70”
| |

. | | -
FeSiO, ........... 26 | 23 | 20 20 14) 5
MiSi0y o oo mmsmins 53 65 | 74| 66 72 82
MERIO, o e 6 L| 0| 5 7 3
CaSi05 .5 snameass 15 11 6| 9| 7 9
Spec.gr. ......... | 3.68 | 3.65| 3.6 3.61] 3.75

TableVILI shows the chemical compounds and the optical properties
of the known pyroxmangites. Pyroxmangite from Simsio 27 a (No.
22 in Table VIII) is poorest in iron. In the optical properties it shows
the closest approximation to the pyroxmangite of Glenelg. The
chemical composition is close to that of the rhodonite from Broken
Hill (No. 12in Table IX) but the optical properties are distinctly differ-
ent. While the rhodonite of Broken Hill has a large optic axial angle,
74°, the corresponding value of the Simsié mineral is 40°. The refract-
ive indices of the rhodonite are lower than the corresponding values
of the pyroxmangite of a similar chemical composition. A comparison
of the Tuna Histberg rhodonite (No. 1, Table IX) and the Glenelg
pyroxmangite also indicates this. Comparison of the optical properties
of the Simsio rhodonite with those of the described rhodonites shows
that the refractive indices of the Simsit rhodonites are relatively
higher than the refractive indices of the rhodonites to which they
stand near in chemical composition. In this respect they show an
approximation to pyroxmangites. The ternary diagram, as used by
Sundius and Tilley, seems to be applicable for visualizing of the
variations in the refractive indices and the chemical composition
(fig. 4). In this diagram the pyroxmangites 16 and 22 and the rho-
donites 18, 20, and 21 are situated near the same line and their re-
fractive indices are near to each other, but the refractive indices
of the rhodonite from South Carolina (No. 11) show lower indices.
The same fact appears from the rhodonite 12 which is in this respect
comparable to the pyroxmangite 24.

The stereographic projection (fig. 3) plots the optical orientation
of the Simsié pyroxmangite and rhodonite. The Simsio pyroxmangite
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shows in this respect a closest approximation to the Idaho pyrox-
mangite (Henderson and Glass 1936) and the orientation of the rho-
donite is in accordance with Winchell's diagrams. The difference
between rhodonite and pyroxmangite thus appears in their optical
properties. Pyroxmangite is characterized by higher birefringence
and a smaller optic axial angle in comparison to rhodonite. Another
difference between these two triclinic iron-manganese silicates exists
in their cleavage angles and consequently in the angles between their
crystal-faces. While the angle m:M of pyroxmangite is about 91745,

MnSi 0,

1-— 8 Sundius (1931).

9 Hey (1929).

10 Larsen and Shan-
non (1922

11—15 Henderson and
Glass (1936).

16 Tilley (1937).

‘50 1718 Hietanen (1936;.

19—24 Simsio minerals,

<

sok °
LN WM\/\/\ .
reJi0; Ca Mgﬂxaj

Fig. 4. Ternary diagram for plotting the chemical
compounds of the pyroxmangites (©) and rhodon-
ites (@).

the same angle of rhodonite is 92°28.5". The refringence of rhodonite
is lower than that of pyroxmangite. Some Simsio rhodonites form an
exception in this respect. Simsio 27 b is an intermediate member
between rhodonite and pyroxmangite. Whether it belongs to one
or another species cannot be settled with certainty. For that purpose
X-ray determination of the ecrystal structure would be necessary.
The question whether these two minerals form two separate species
or if they are members of one and the same isomorphic series arises
also in this connection as not yet being definitely settled.

Griinerite, apatite, and the afore-mentioned manganeous mica
occur as accessories in all manganese mineral accumulations. Gra-
phite is occasionally met with in some abundance.

Spessartite appears in quartzite near to the other manganese
minerals. In the southern accumulation it is found in crystals up
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to 0.9 em in diameter. This mineral was described by me in the
earlier paper (Hietanen 1936, p. 398). Spessartite is also found with
pyvrrhotite within the migmatite east of the quartzite area. This
spessartite shows a different composition. According to an analysis
made by Mr. Pentti Ojanperi the ratio [FeO]: [MnO| was 1.66, while
the same ratio in the spessartite from area 27 was 0.20. and the re-
fractive index, measured by means of goniometer in a prism, was
l.s074.

Apatite is found very abundantly in some specimens of manganese
minerals. It occurs in small grains.

Sillimanite appears as fine needles at the northern end of Simsio.
The needles are usually found in a radiating arrangement around
ore grains.

(fenesis of the manganese minerals. Similar iron-manganese ores
in quartzitic rocks occur in several localities, such as at Mazkamezo
in Siebenbiirgen (T. Kossmat and ('. von John 1905, Quiring 1919)
and in quartzites of the Dharwar series in India (Fermor 1919, L.
Hezner 1919). Vittinki, situated in the parish of Ylistaro, Finland.
however, shows the closest resemblance to the ores in question. This
area was surveyed by Saksela (1925) and it will also be briefly de-
scribed in this memoir.

In the manganese-ore deposits of Central India, ores are associated
with the manganese garnet, spessartite, and the manganese pyroxene,
rhodonite, forming a series of rocks known as the gonditic series.
These gonditic ores are younger than the pegmatites which penetrate
them and they are interbedded with crystalline schists