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PREFACE. 

The field investigations for this work were earried out in the 
summers 1935, - 36. - 37. The geologieal map of the Simsiö area, 
was made during the summer 1935 and the speeimens for petro
fabrie analysis were eolleeted in the summers 1935and- 36. Besides this 
1 visited during these summers nearly all the oecurrences of quartzites 
in South-west Finland, whieh are few in number, making field ob
servations, colleeting orientated specimens, whieh were later analyzed 
structurally in the laboratory of the Mineralogical and Geological 
Institute at the University of Helsinki in order to eollect examples 
of the orientation rules present. The areas thus investigated in S.vV. 
Finland are marked by numbers 1- 9 on Map L. The quartzite areas 
in Nor·th and East Finland were visited during the summer of 1937; 
field observations were made far more widely during my travels 
along the route Muonio- Enontekiö- Kittilä- Rovaniemi- Petsamo 
- Kemijärvi- Salla- Vuorijärvi- Kuusamo- Puolanka- Paltamo
Sotkamo- Koli- Kiihtelysvaara. The colleeted specimens from certain 
areas of Lapland and Karelia were subjected to laboratory examina
tion during the winter of ] 937. 

I wish to take this opportunity to express my gratitude to those 
who have pro mo ted m:v work. My most sincere thanks are due to 
my teaeher, Profe SOl' Pentti Eskola, for many valuable suggestions 
and helpful diseussions of the problems in the course of my ref:!earch, 
as well as for his criticism of the manuscript. 

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

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

Miss EIsa Stahlberg had the laborious task of exeeuting most 
of the chemieal analyses published in the present memoir and I wish 
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to express my cordial thanks for her valuable collaboration. 1 al'o 
acknowledge my gratitude to MI'. J. J. Carlberg and MI'. Pentti Ojan 
perä, who took an active part in my investigation; the former carried 
out the separation and made the analyses of the diopside and the 
grünerite from the quartzite of Orismala, while the latter did the 
same with the rhodonite from the quartzite of Simsiö, point 3. 

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

Miss Lyyli DamlUeI't I tbank for drall'ing most of the maps 
and diagrams. 



INTRODUCTION. 

Outline of the Pre-Cambrian geology of Fin
J Cl 11 d. 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 Botlmian formation according to Sederholm; 
2) the Kalevian , schistose types, anel 3) the Jatulian, clastic varieties. 
'lounger than these is the .Totnian cycle, eluring which the Jotnian 
;:;unelstone and olivine-eliabase of Satakunta anel the rapakivi granites 
have formeel. Since the time of Seelerholm geological thought has 
c-hanged in certain respects anel alreaely elifferent classifications have 
been provisionally proposeel. PolkanO\\- (1935) regarels certain for
mations in Laplanel, inclueling the Kola Peninsula, as formeel eluring their 
own cycle, which he calls the Saamian cycle. Accoreling to his opinion 
apart of the quartzites of Laplanel may belong to the remains of 
the mountain chain foleleel eluring the Saamian orogenie perioel. Back
lnnd (1936) has given the name Goto-Karelielic chain to that complex 
to \\" hich the Karelidic formations of Karelia anel Laplanel belong 
ancl t hat of »Norwegosamidem to Polkanov's Saamian formations. 
These classifications still rest upon a more 01' less tentative basis. 
In this paper the word »Karelidic» is regarded as comprising the 
whole mountain chain frOln Ladoga through Karelia anel Lapland 
to Northern Norway. The orogenesis of the Karelielic range is youngm' 
than t hat of the Svecofennielic territory. Evielences of their age rela
tions are visible in the following facts : 1) The strike of the Sveco
fennielic range - elirecteel W.-E. - is intersected by the south
northerly Karelidic strike 2) Conglomerates of the Karelidie zone 
contain pebbles which consist of rocks of the Svecofemlielic territory. 
ThE' possible age elifferences between the elistinctive formations of 
the K arelidic range have not been considereel in the present memoir, 
lJecause trom the view-point of the quartzites this twofolel classifica-
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tion is still satisfactory. Thus \\'e get two territories with conspicuou,-; 
anel important elifferences between them, as will be pointeelout below. 

These elifferences appear lithologically anel petrologicalJy as \\"ell 
as tectonically. 1'he g uartzite occurrences of the Svecofennielic zone 
are few in number anel small in size. The guartzite is in mo t case" 
glassy anel wholly recrystaUized. as for instance in the quartzite 
areas of South 0 trobothnia (No. 1. - 5 on Map I) and Tiu'ismaa (No. 
7) . Traces of a clastic structure are , however, in some cases visible 
and one of these quartzites , viz. that of 1'aalikkala (No. 9) , s llo\\'" 
a weIl preserved clasti c structure, A red colour is chal'actel'istic of 
some quartzite , as for instance those in Tiirismaa and Kiikala, 
This red colour seems to hint at the persistence of the red sanelstones 
through the ages, as pointed out by E skola (Eskola anel Nieminen 
\938) , 1'he quartzites of South Ostrobothnia form chemicall y their 
own group, being rich in ferrous minerals. 

The qllartzites of the Karelielic formations differ from the former 
in many respeds , Characteristic of the Karelidic quartzites is the 
Jatulian type, Tbis variety has a elastic structure anel in mall.\' 

places types ar e met \\'ith in which larger ancl smaller quartz halb 
occur abundantly in the psammitic quartzite, Sel'icite 1S a C(Jl1l1llOll 

accessory, Ha usen ( \930) has elescribed tbis t.vpe of the Jatulian 
quartzites from Soanlahti, East Finland, Theil' 8tructul'e is compar
able with tbe structure of the date-quartzites of Krllll1menclorf. 
Silesia, \\'hose true nature Scheumann (1932) has clemonstrated, 
Quartzites of this type do not occur in the Svecofennidic territory, 
1'he quartzites of the Kalevian type show in a greater degree trac('" 
of deformation, being often whoUy tectonizecl. Glassy varieties are 
eommon. Sericite occurs also in these as an accessory, but generall~

in smaller amounts: for instance in the Kalevian Cjllartzite of Yuo 
katti , Kiehimä (No, 14), well-orientateel small scricite scales appeal' 
ceS inclusions in the crystaUoblastic quartzite, This mod e of occunence 
is similar to that elescribeel by Scheumann (1937) in the quartzite" 
south of Strehlen. Silesia. 

Varieties containing felelspars occur rnainly in \Vestel'n Lap lalld, 
while the quartzites of Karelia are very pOOl' .in these minerals , :\ l;;o 
the occurrence of granites penetrating quartzites is different . 111 
the quartzite areas of Laplanel anel Kainuu they are common, 1 Jl 

the Svecofennielic quartzite areas they appear al 0 , but they a re not 
met with in the extensi\:e quartz.ite areas of Central Karelia ,,'b ieh 
consist of Kalevian or Jatulian types . 

Other types of seelimental'Y rocks , viz. phyllites anel mica-schü;t" , 
occur in \Viele 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 »f)üsch» 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 calciti<.: , 
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 anel 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 cbain consist of 
various types of gabbros and peridotites 01' their metamorphic deriv
ates , viz. amphibolites , serpentine rocks , greenschists and chlorite
schists. Tale-dolomite and tale-magnesite rocks occur besides the 
former. A glassy type of quartzite is common in connection with 
the ophiolites. For instance the quartzite of Outolmmpu copper mine 
belongs to this group . These quartzites have not been investigated 
in connection with the present wode The ophiolites oecur in zones 
parallel to the elongation of the ancient mountain ehain west of the 
eastern quartzite zone within the phyllite and mica-schist. This mode 
of their oecurrenee shows a closest approximation to the occurrences 
of ophiolites in the younger mountain chains. Kossmat (1937) bas 
recently discussed their occurrence and their role during the time of 
lllountain building in the Alpine Mediterranean chain. A comparümn 
of the Karelidic ophiolites with the general picture of these rocks 
given by Kossmat and, from the whole world, by Benson (192ö) 
indicates them to be of a similaI' 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 80-

caUed Alpine tectonics. 

1901.- :1 8 :2 
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The occurrence of gabbros, peridotites and their metamorphie 
derivates in West Finland differs in the greatest degree from thE' 
mode of the occurrence of the Karelidie 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 
orogenie origin which is characteristic of the ophiolites. The tectonics 
of the Svecofennidic chain show a resemblance to the so-called »Schlin
gen» tectonics with chiefly steeply 01' vertically standing folding axes. 

Diabase rocks as weU as granites and migmatites occur in both 
territorie::L The plutonic rocks have been intruded into their place::; 
as smaller or larger masses belonging to different phases of each 
cyc-Ie. 

"Vhen observing the differences and similarities between these 
two large territories of the Pre-Cambrian of Finland there arise::; 
a question, which has been often discussed by ,-arious geologists 
as for instance by Backlund (1936, 1937) - Yiz. 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 Karelidie chain. 

Scope and goal 01 the present in'cestiyation, In the title of the 
pl"E'sent memoir the word Petrology is regarded as including the 
stndy of petrofabrics, 01' structural petrology, besides the comlllon 
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 \\"ith the megascopie structures and tectonics, and thus 
to illuminate the conditions of strains and differential movements 
nnder which the metamorphism has taken place and the present 
geological structure has originated du ring the orogenie 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 BI'. 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 weH preserved current 
bedding is actnally a typical girdle-tectonite. The investigation ()f 
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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 Ornö 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 investigateel 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 orogenie 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 bettcr understaneling of the tectonic::i 
of the Pre-Cambrian anel 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 sampies of quartz orientation 
and by no means furnish any systematic investigation of the Finnish 
quartzites. 

The work was commenced at the quartzite area of Simsiö in Lapua, 
South Ostrobothnia (point 1, Map I). This locality has become weil 
known for its manganese minerals, on which a preliminary investiga
tion has been published (Hietanen 1936). The very first petrofabric 
analysis of the Simsiö quartzite revealed an orientation according 
to the so-calleel Trener a-rule (c of the quartz at right angles to the 
schistosity). It was therefore elecided 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
ite~ of different areas and different age-groups . I therefore examined 
mi{'roscopically 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 c 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 foHm,y 
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 1 decided to concentrate the petro
fabric work more especially on two small quartzite areas, viz., those 
of Simsiö in Lapua and Olostunturi in Muonio, "Western Lapland. 
The Simsiö area was selected as a representative of the Pre-Kal'elidic 
Territol'Y of South-west Finland, while the Olostunturi al'ea 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 quartzite::; 
of Olostunturi and Jyppyrä were studied more closely. Sampies fol' 
petl'ofabric analysis were collected from the Kiehimä area in Paltamo, 
from Vuokatti i.n Sotkamo and Koli in Juuka. All quartzites from 
the areas in South Ostrobothnia as well as those of Tiirismaa aneL 
Tytärsaari were subjected to petrofabric study. 

In the course of the fabric analyses the phenomena of the undulo::;e 
extinction and the Böhm striations in the quartz from the hill Simsiö 
in Lapua suggested some ideas that may have some general bearing 
with regard to the meehanies of the lattice orientation in quartz. 
This led to aseries of eomparative observations in quartzites from 
different parts of Finland. These observations and the eonelusion::; 
drawn from them will be presented in eonneetion with the desC'l"ip
bon of the Simsiö area. 

A marked differenee in the teetonies of the Karelidic and Sveco
fennidie formations offers to the petrofabl'ie study a suitable opportull 
ity of comparing the orogenie movements whieh have taken plaee 
at the time of their folding , 01' later. 

The quartzite areas in South Ostrobothnia brought forth the 
problem of the relations between granite and quartzite. In the Simsiö 
area. namely, small granite masses occul' inside the quartzite area 
and this mode of oeeurrenee seemec1 to hint at the easy granitization 
of the quartzites. The quartzite areas of Kälviä and ViTestern Lap
land were found suitable to throw light on this matter, as feldspar 
was a eommon minol' eonstituent in these qual'tzites, and thein
vestigation of its origin seemed to illuminate the granitization of 
the quartzites. 



1. SVECOFENNIDIC QUARTZITE AREAS. 

A. QUARTZITE AREAS OF SOUTH OSTROBOTHNIA. 

I. SlMSIÖ 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 maller 
lenses lying on their edges among the other rocks , which consist of 
amphibolites , granites, and migmatites. The hill Simsiö represents 

Fig. 1. Contact bctween granite and quartzite. 
Simsiö. 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 st1'ike is mostly N. 
0°_ 15° E. with many small and two bigger folds. The schists dip 
from 75° to 85° to the east, 01' their plane of schistosity is ve1'tical. 
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 al'ea, the quartzite sometimes being next to 
amphibolites and sometimes next to granites and aU the rocks hav
ing the same strike. Contacts between the quartzite and granite 
were found in many places anel they are of different character. Near 
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the farm Tervasmäki 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 
pI ace in the quartzite by corrosion. Fig. 1 shows schematically a 
contact zone of this kind situated in the middle of Simsiö. The strike 
of the schist is c1istinctly visible. Feldspar grains occur very elose 
together near the granite boundary, but soon their nu mb er decreases. 
and about 10 cm from the contact line they are absent. On the west 
side of Simsiö (point 7) we meet with a contact between quartzite 
and a continuous gneissose granite mass. The middle of this outcrop 
belongs to a narrow quartzite zone situatec1 within the granite. The 
strike of the quartzite is N.- S. and the dip vertical. Diopside layen; 
occur abundantly and they build boudinages (Wegmann 1932). The 
granite has penetrated into them both (fig. ] , PI. I). We can see in 
this outcrop 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 guite 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 undisturbecl 
here also, but near to large granite masses we can occasionally see 
disturbed strikes 01' no schistosity at all. In the latter case the quartz
ite is glassy. 

In many granite lenses we can see the ame strike as in tbe 
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 corrosioll 
and replacing the quartz as in the previously described contact zoneH. 

A contact zone of a different kind occurs on the west side of 
Simsiö at point 51 Map. H. The continuous granite here penetrates like 
fingers between quartzite and amphibolite and encloRes smalllentieles 
of both. The strike of some though not aU lenses is conformablc 
with that of the granite. It seems to me that here the granite haI' 
intruded more mechanically. Similarly, at the southern end of Simsiö . 
near Terva 'mäki, we can see lenticles of quartzite lying ,yithin the 
gneissose granite, the strike of the granite winding arouncl the lenticles. 
Here, however, feldspar may also have come into the quartzite without 
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clisturbing the strike. The huge southern granite mass has obvious ly 
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 
Paasinmäki (Table I) by Miss EIsa Stahlberg showed quite anormal 
composition. The metasomatic interchange of the components must 
have been complete, 01' this granite mass has intrueled mechanically. 

Tahle 1. 

Granite, Paasinmäki, Lapua. 

Si0 2 .. .. .•...... . ... 

Alz0 3 ..•... . ....... . 

Fe 20 3 ., ... , ........ . 

FeO . . ... , ... . ..... . 
MnO ........... . ... . 
MgO ............... . 
CaO ... . ... .... . ... . 
Na 20 ............ . . . 
K 20 .... . ...... . . .. . 

0 1 
/ 0 

74.46 

13.36 

0.83 
0.99 
0.02 

0.34 
1. 63 

4.42 

3. 8 2 

Ti0 2 . . . . . . . . . . . . • . • . 0.19 

P20;; ............ . .. 0.01 

H 20+ ............. . 0.50 

H 20 - · . . . . . . . . . . . . . . 0.02 

100.59 

Mode o 
u 

Quartz . . . . . . . . . . . . . . . . .. 33.6 
Microcline . .. ........ .... 15. 8 
Plagioclase (An 29)........ -15. 5 
Biotite . . . . . . . . . . . . . . . . . . 5 . 7 

] 00. ö 

Generally the quartzite lenses are surrouneled by amphibolites 
anel , where granite masses appear, the granite has penetrated them 
as weIl as quartzites. Thus for instance in Paasinmäki granite occurs 
as small masses anel veins in amphibolite rocks. On the west side 
of Simsiö it seems as if the granite had found an easier way in quartz
ite than in amphibolite. The western most of the quartzite lenses is 
surroundeel by amphibolite anel it is much larger than the othe1'. 
The one in the mieldle is shortest and it seems as if the granite had 



lö Bulletin de la UOillmission geologique de Finlallde X:o 1~:2. 

cOl'l'oded 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 rat her variable. We meet with 
a ll sorts, {rom a quite massive type to a weU folia ted variety in which 
hornblende appears needle-like and the light components are in the 
minority. The amphibolite of Jänismäki differs from all the others, 
consisting either of light-coloured, diopside-rich lenticles enclosed in 
dark hornblende- 'chist, or of hornblende-rich lenticles in a diopside
plagioclase rock. Plagioclase is of the same composition (27 % 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 
Jänismäki. 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. Theu' strike is N.-S. The 
small lenticles have the same strike. In Paasinmäki 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 cm in length and 1 cm in breadth, exposed 
at regula]l intervals on its surface. The amphibolite at the south 
end of the area is more massive, like that on the west siele, nearest to 
Simsiö. 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. Nar1'ow bands of limes tone are 
intercalated in this rock. The outcrops south of Takaluoma are made 
up of dark-coloured, elistinctly foliateel amphibolite , orientateel along 
the strike. The small amphibolite lenticles upon Simsiö consist in 
part of meelium-grained, foliated schist, but a more massive variety 
also occasionaUy occurs. The amphibolite and the quartzite have 
always the same strike . On the west side of Jänismäki quartzite 
OCCll1'S a t one outcrop in very narrow, only a few cm broad beds in 
the amphibolite. 

Phyllite. Beds of this rock are lying he1'e anel there in quartzite. 
mainly on the slopes of f-limsiö anel in Ritamäki. They are usually 
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l'ather narrow, about horn 5 to only 10 cm broad. Occasionally the)' 
Illay be somewhat broader, aso for instance in .Ritamäki. The phyllite 
i:; always rusty and weathereel and usually comparatively C'oarse
grained. Its mineral components are quartz, feldspar. mica, graphite 
anel ore::;. viz. , magnetite , pyrite and pyrrhotite. In many place::; 
diopside oceurs in addition, as in Ritamäki. 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 narrO\\' phyllite-beds are fairl.\" 
regular. anel their vertical folding axis is distinctly visib le . 

'l'he granites of the Simsiö area are gneissose, as already mentionecl 
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 aeljacent schists , but the direction of their linear structure ü; 
\~ariable, on the west side of Simsiö 55°N .. and at the south end of the hill 
and in Paasinmäki vertical. The colour is reddish 01' gray. The min
eral romponents are quartz , p lagioclase, microcline anel hiotite. nesides 
the gray-colomed biotite-granite, another type in whicb the feldspar 
appears as lath-shaped phenocrysts occurs as small masses upon 
Simsiö. Tltis variety is massive and non-oJ'ientated. Its components 
are the same as those of the former type. The colour is redclish. 
Pegmatitic granites occur oceasionally in small masses. 

Quarlzile, The coloUl' 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 Vie\\'-to\\'er. The grain size is variable in different types. The 
hlue varieties are very coarse-grained, gJassy-looking. and consist 
of nearly pure quartz, Only a li ttle graphite in tbe form of scales 
may be fOlmet This blue type appeal's mainly in the mieldle of the 
hilI. Here and there it is accompanied by a pale-bluish , foliated, 
fine-grained variety. 

The strike i, usually difficult to observe because of a perpendielllal' 
jointing. It is distinct only in such places where certain mineral 
components are orientateel parallel to the schistosity. 

The smaller quartzite occurrenees arouncl Simsiö are composecl 
of the same kind of blue 01' pale-colouren rock. The pale-bluish, fine
grained type prevails for instance inPaasinmäki and near the farm 
80rvari, hut the othel' variet ies also oceur generally. 

Constituents occurring in minor quantities are very few, Only a little 
graphite and oceasiona lly garnet have been observed . The latter, pro
bablya manganese-garnet, is found in two places on the path leacling to 
the Vie\\'-tower on the east side of the hili, about lijO m and 300 111 

lUOJ. - 3 ~ .'1 

l 
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from t he border. Hut in these places, too, this mineral occurs in such 
a restricted area that the OCCUl'rences may be regarded as mineral 
accumulations which are very COlnmon upon Simsiö, represented 
by other minerals , namely, 1) diopside-bearing layers anel lenticles , 
2) ore minerals, and 3) manganese-bearing minel'aJs. Even graphite 
may appeal' as veins and sn'lall masses. 

Mineralogy 0/ the Qu,artzite. The Manganese Miner·als. 

1. Diopside. Among the accumulations of accessory minerals 
those of eliopside are most common upon Simsiö. They occut" mainly 
on the hill slopes. In fig. 1 (PI. 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 quart7:ite. TheiI' size is variable. 
1-10 cm broad and 10- 100 cm 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 ] cm from each other. An outcrop, measuring 
3 m in breadth and 10 m in length, composeel of diopside wit.h almost 
colourless, actinolitic (?) hornblende is met with on the path leafling 
to the View-tower. It also occurs abundantly at a pond about Y:!. 
km south of the former place. The mineral components of the rock 
from this pI ace are diopside and a little plagioclase (62 % An), pale
coloured biotite, anel actinolitic hornblende. Minor constituents are 
clinozoisite, z;ircon, apatite, and titanite. 

The cliopside lenticles usually consist of almost pure diopsiele with 
ünly a small amount of colourless amphibole . Scaly graphite appears 
in small quantities. Calcite and manganocalcite OCCUl' occasionally. 
The lattel' is met with in accumulations of manganese-bearing diopside , 
which can be identified from its dark·coloured weathering surface. 
'fhe manganocalcite, of rhombohedral crystal form , was found to 
be transparent and pink in c010u1'. A qualitative test indicated tbe 
presence of manganese. The refractive indices determined h~' im
mersion were (Hietanen Hl36) f = 1.-l9ß , W = l.ßß ß. According 
to Harada (1935) they indicate a content of 4. -15 0 0 lVInO. As a rule , 
however , the original elolomitic calcite has reacted with silica to the 
exhaustion of eüher the quartz or the calcite. Feldspar is founel 
in a few fliopside oecurl'ences , though in rather small quantities. 
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The hornblende is a very pale-green actinolitic variety and occm's 
occasionally in the quartzite as columnar grains orientated parallel 
to the schistosity and lying in narrow beds. The refractive indice,; 
of the mineral measured by immersion are ((' = 1.6H. y' = 1.660. 

The optic axia.l angle measured by the U -stage is (+ ) 2 Y = 73. so, 
The refractive indices of the diopside were determined from two 
specimens as follows: a = 1.67 8 ± O.OOl, ß = 1.6 ~ 7 ± Ü.OOl , Y = 

1.707 ± 0.001; (+ ) 2 V = 59°44'. The diopsiele in t.he amphibolite 
of Paasimäki gave the same optic data. 

The amphibole occurring in diopside masses anri aJso often 
associated ,,,ith the manganese minerals has the refractive indices 
a' = 1.673 , y' = 1.700 and the optic angle (+ ) 2V = 97.:;°. It 
shows a high birefringence and twinning. The colour is golden-brown. 
These properties indicate that it belongs to the grünerite series. 
The [FeO]: [MgOJ ratio is about 2. 8 5 according to Winchell. [u the 
accompanying diopside the same ratio is about 0.79 , 01' mnch lower 
than in the amphibole. 

The mica accompanyiug the diopside and occasioually present 
in the quartzite is a pale-coloured biotlte. The pale colont" indicatcs 
a large proportion of magnesia. 

In some specimens of manganese minerals the biotite is of a deepel' 
colour and shows a strong pleochroism, a pale yellow, y greenish gray 
shading into violet, and absorption y > a. Its grayish colour indicates 
a content of manganese, as also found by a qualitative analysis. This 
manganeous mica has a refractive index y = 1. 5 96. 

2. Ore minerals. 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 anel , in dry weather, 
covered with white iron salts. In quartzite the ore minerals occur 
as accumulations \vith a diameter varying from, one to three meters, 
These ore impregnations are usually small and pOOl'. Only in a fe\l ' 
places on the slopes of the hill, where they appeal' in greater numbers , 
are they ri('her and more extensive. One of them is ' iound on the 
rottd leading over Simsiö on the west side oi the hill. In addition 
t'J the pyrrhotite and magnetite generally occurring in the quartzite 
we have he re 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 siele of the hill we meet with a bed consisting 
oi a very rusty ore-bearing phyllite. 

The southern part of Simsiö, where the outer'ops are few and flat , 
is under.lain by rusty ore-bearing guartzite together with phyllite, 
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On t he east side of Simsiö rusty quartzite anel phyllite zones a lternate; 
both are ore-bearing. The middle part of the hili is mainly composed 
of pure quartz with a few patches of ore. ranging from one to two 
m in diameter. In the sma ll quartzite occurrences around Simsiö 
ore ünpregnations are met with. espec·ially in Paasin ll1üki anel in 
Jänismäl<i. As mentioned earlier, th e schists of Ritamäki are eomposed 
of l"llsty phyllite-quartzite rocks. Pyrrlwtite is also fOlll1cl in fres h 
Cjuartzite as grains " 'ith a diameter of L - 0 mm. 

3. ~"4[anganese minerals. Very numerOllfi aeclIJllu latiolls of manga
nese minerals are found upon Simsiö. 'L'he.v are generally rather 
i-l ma ll anel only two of t hem are of largel' size. In adrl.ition severa l 
cliopsicle occurrences are manganese-bearing. ai-l dCi-lcribed preYiously . 
One of the t\\·o larger occurrences of manganese silicates. diseovel'ed 
by Dr. Sa.ksela (J 933). is situatecl on the path leading to the vie,,'
tower. :~OO III from the eastern border of RimsiÖ. The manganese 
mineral ii-l of a bro \l'n eo lour \\'ith dark \\·eat hering-i-lurfaces. The 
grain 'ize is variable. The biggest Cl'ystH ls are (wer 12 0111 long ami 
t hey contain abunrlant in clusions. These inclui-lions Illainly cOllsist 
of the same mineral as the big crystals th e mselves. bnt also of other 
minera IR. e. g . qnal'tz aml calcite. The,\' are often big enough to be 
visible even to the naked eye . The fine-graineel mineral contains 
also plenty of inclusions visible tll1der the microscope. They are', 
ho\revel'. RU small. t hat their character cannot be cleteJ'll1ined. 

This mineral has two cleavages; one of theill. viz. ( 110) is mure 
per-fect. The cleavage angle 110 /\ 110, measlIred by a goniometel' . 
i-; = 91 °53'. \\ 'hich i an average of five different reaclings from clea\'
nge sp linters of the same erystaJ. Reveral of the measuring ' differ 
considel'ahly frOIll each other. The mineral seell1s to have »vicinal 
<.; Ieavages» in connection with the les:-; perfect cleavage (1 10). The 
axial plane is near t'he plane bisecting the acute angle ( 110) 1\ (LIO) ; 
the axial angle (+) 2 V = 39.5°. determined by means of the Fe
dorow stage. The direction of extinction on (0 10) is 5.:;° alld on (010) 
it is 4 1° . In immersion liquids the r<~fractive indices were detennined 
as follo\\"s: a = 1. ~38 ± 0.001; ß = 1.7-12 ~±: 0.001 ; y = 1. 7;'+ ± 
0.001. [( and y were determined in one cleayage sp linter anel ß in 1:1 

thin seetion from the same splin te!'. 

The valnes rliffer from those determined in t he same ma,terial 
a nd published in an earlier papel' (Hietanen 1936. p. 392). They 
\\'e1'e clete1'l1lined in cleayage splinters from sepal'ated ma teria l anel 
8ho \\' a lügher birefringence. The error in thiR respeet was dlte to a 
va,l'iation in the cOlnposition of the mineral. 
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The analysis of this minera l has been published earlier, it tben 
being called rhodonite. and i quoted below. 

Table II. 

Pyroxmangite, Simsiö. :2. 

% Mol. 
f-li0 2 . . .•.•..•...........• ,*6. [) 1 

19.12 
29.3~ 

FeO ...... . ... . ... . . .... . 
:vInO 
.YIgO 
CaO 

1. D6 

2.9-1 

H 20 . . . . . . . . . . . . . . . . . . . . . 0 . 25 

f-lpee. gravit.v 3.762- 3.7 :;0 . 

The analy 'is sho\\'s the el08est 
approximation to the pyrox
mangite from Idaho described 
by Henderson and GJass (l 936). 
The optic data approximate 
tbose of the same mineral , but 
the specific gravity shows a 
considerable difference from the 

-----
] 00.12 

poor 

0.7713 

0.2661 I 
0.n37 

0.0-186 f 
O.052 .! 

0.0139 

0.7 08 

'\< 
value ~.66 of the Idaho pyrox- e.xce//enl 
mangite. The Rmaller optic axial 
angle distinguishes (his mineral Fig. 2. A c leayage splinter of PYl'oxmang· 
from the rhodonite and . with ite. Simsiö 27 a. Each side shows two 
the other properties. permits of :'cflections of ",hi~h the quality i~ marked. 
it being determined as p y r- rhe dlrect10ns 01 the C'l'ystal [aces are 

. dra",n perpendJCular to tJw rd[('('t1011";. 
o x man gl t e. 

The second accumulation of manganese minerals situated at the 
southern part of Simsiö, point :27 on map 1H, consists of one larger mas;; 
and several smaller ones around. the larger mass. The Rll1a ll masses 
occasionalJy build bouoins and the passage into quartzite is gradual. 
The mineral of the largest mass is brownish red ami mostly fine
grainecl. Brown-coloured porphyroblasts ranging from '* to 6 cm in 
length are enclosed in this fine-grained mass. The projJerties of thi8 
bro\\'n mineral c1iffer in some 1'8. 'peets from those of the p~Toxl11angite 
from the northern part of Rimsiö . The colour is paler anel the re-
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fraetive indiee:; lower, namely: a == 1. 731 ± 0.001; ß == 1.73« ± 
0 .00 1 ; y = 1.H O ± 0.0 01. It h as, however , a similar small, positive 
axial angle , (+) 2 V = 40°, measured by m eans of the U-stage, and 
it shows the same cleavage angles as pyroxmangite (viz. 91°44.5'). 
These properties indieate that it belongs to the p y r 0 x man g i t e s. 
Üne eleavage splinter of this pyroxmangite showed, besides the prism 
cleavage, two other cleavage direetions (fig. 2). Üne of them fonns 
an angle of 45°12 .5' with the perfeet cleavage direetion (110) and 
the angle of 43°3.5' with the plane (110). These values sho\l' an approx-

oi'o 
p 

100 ..0 

100 

ou/? 

crp 

OJ R 

P 
110 

ON) 

},ig. 3. OpticaI ol'ientatioll of thc pYl'oxll1angit<>. 
Sil1Jsiö 27 a . aml thc rhodonitt' 27 c. 

imation to tho values whieh P ord and Bradley (1913) founcL to be
long to the plane (010). The seeond cleavage plane forms the angles 
of 47°16' anel J.!°28' with (1l0) and (110) respeetively amI, it luay 
be the pla,ne (100). The angle between (010) and (100) was in this 
Case the same as the prism angle of rhodonite viz . 92°28. :-,'. Fig. 3 
sho\ys the optieal orientation of this pyroxmangite. 

Pure mineral for an anal.vsis from a big single crystal was sejJarated 
by means of the Clerici solution, the specifi c gravity ranging from 
3.679 to 3.6 88 . 

An analysis made by Miss Elsa Stah lberg sbo\\'S the following 
res lllt: 
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Table IH. 

Pyroxmangite, Simsiö 27 a. 

Si0 2 •. , ........ . ........• 

TiO z ....... . ..... . ...... . 
Al20 3 ... . ..•.. .. .. . ... ... 

Fe 20 a ................ . . . 

FeO . . ........... . ...... . 
MnO . . .. . .... . .. ..... . . . 
MgO . . .................. . 
CaO .. .. ........... .. ... . 

% 
47.04 

trace 
0.00 

0.66 

12.3:\ 

33.37 

3 . ,1 8 

2 .88 

H 20 -· . ... .. ... ..... . .... 0.0 8 

H 20 + ...... . . . . . . ...... . 0.57 
-----

100. 43 

MoL 
0.7801 

0.004l 

0.1719 ] 

0
0.,1705 Jl 0 . 7800 

.0 8 63 

0.05 I 3 

The manganese mineral of the small lenticles was found to be 
I' h 0 don i t e and was described in the earlier paper (Hietanen 
1936, p. 391). It shows a brownish red colour and a grain 'ize ranging 
from 1 mm to 4 mm. The refractive indices measured in one single 
crystal were: (( = 1.729 ± 0 . 001; ß = 1.73,1 ::t 0.001; Y = l.7±J ± 
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 belo'T: 

Table IV. 

Rhodonite, Simsiö 27 c. 

~o }Iol. 

Si0 2 . . • . . . . . . . . . . . . . . . • .. -16. 84 0.776 8 

FeO . ............... . .... 7.33 0.1020 1 

MnO .. .................. 38.92 0 5 ,1 7 l . 0 - 22 
MgO . . . . . . . . . . . . . . . . . . . . . 2. 8 3 0.0702 f . I 
CaO .......... . . .. . . . . ... 3.H 0.061:3 J 
H 20 . . . . . . . . . . . . . . . . . . . . . 0.26 0. 0 14,1 

----------
100.12 99.6:2 

spec. gl'avity 3.ß41- 3. (Q ,. 

The properties of the brownish-red fine-grained mineral from 
the largest mass in locality 27 show approximation partly to the 
neighbouring pyroxmangite anel partly to the rhoelonite of the small 
len e. . The spec. gravity is the same as that of the pyroxmangite, 
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VIZ. 3. 678-3 . 688 . The grains, ranging from L mm to ± mm in dia 
meter, show the C'leavages for rhodonite, averaging (ll 0 /\ 110) = 

02°35' , the different measurements differing eonsiderabIy from each 
other. Some cleavage splinters give thö cleavage planes (OlO) ami 
(100) and the angle between them was also found to be elose to t Jw 
cJeavage angle of the rhodonite. The measurement of the optie d a til 
gave the following resuIts: a = 1. 72n ± 0 .001, ß = 1. 73-10 + 0.00 I. 

Y = 1. 7H ± 0.0 0 I. + 2 \' = 6fi . 5° . Th e , 'alue of the birefringen c!'. 
0.01 5, is lower than that of the p yroxmangite (0.01 8 ) hut l1igher thall 
that of the rhodonite (0.012). Also the optic axia l angle sho,,'s a "aille 
1ying between th e measurements of th e opti(' axia l angles of rhon.onite 
and pyroxmangite, but sho\\'s, however , a closer approximation to 
the rhodonite . Several small p yroxmangite erystals are found in 
thin seetions among thiF; rhodonite and it m ay be that the m ateJ'ia I 
separated for analysis contained :;ome pyroxmangite, as they ha\' (' 
the same spee. gntvity. 

The analysi" of this mineral made h~r :vIiss EIsa Stahlberg "holI'", 
the follo\\'ing result: 

Tahle \ ' . 

Rhoclonite, Simsiö '27 h. 

8i0 2 ••..• . • . • .......• •• .. 

Ti0 2 ········ ···· ·· , · ··· · . 

A1 20 :! . ......... .... ..... . 
Fe 20 3 .. . .......... .. •... 

FeO ........ . . . ...... . . 
JV[nO ......... . . ........ . 
.J\IIgO ... ........ ....... . . 
CaO .... . .. . . . . . .. . . .. . . . 
H 20 + . . ...... . ... .. .. .. . 
H 20 - .. . ..... . . ... ... .. . 

4,6.+ 0 

0.00 

0.00 

L. o !) 

10.+5 
35.36 

2 . 06 

4.3 5 

0. 64 

0. 08 

100.16 

O.76\):; 

O. OOßS 

0. 1 4541 
0. -10 987 l o . 7733 
0.0 511 ( 

0 .07 1) 

These thl'eomanganese minerals from one and the :;u me localit .\· 
s I10\\' onl.\' ineonsiclera ble differenees in their chemical compo"itio ll . 
T11e rhodonite 2.7 c is poorest in iron and ha s the Jowe·t l'efracti\' c 
index ci and the Jal'gest optioa l angle. Seeing that the mineral 27 bis a 
rhodonite it has an exeeptionally small optie a.xial angle and a high 
IJirefringence \\'hieh shows an approximation to the JJyroxmangite 
group. XO\Y . a" \\'e can see, the iron ]Jel'ecntage of the pyroxmangite 
na is a hont 2 Cl.) larger than tl1 at of the rhodonite '27 band it ha::; 
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fLn the optical properties of pyroxmangites. All three lliinerals have 
the same valuc of the index (1. The most markecl rliffercnce between 
the pyroxmangite 27 a and the rhodonite 27 his shown in the measure
ment of the optic axial angle. 

The 8ma11er manganese mineral accumulations, which occur most 
abundantly on both sides of the path leading to the Vie\\"-to\lel', 
consist of brownish-red fine-grained rhodonite, or of partly fine
grained and partly coarse-grained pyroxmangite. At many plaees 
these minerals and quartz occur together af; fine-gminerl brown masses. 

A sample of l' h 0 cl 0 ni te from point 3 shows the refracti,' e 
indices a = 1.732 ± 0.001 , ß =~ 1.737 1. 0.001 , Y = 1.7H ± f}.OOI 

and the axial angle 2 V vaI'ying from + 72° to - 88° . 
The analyses made by MI'. Pentti Ojanperä gave the following 

resnlt: 
Table VI. 

Rhodonite , Simsiö 3. 

% ~Iol. 

Si0 2 • . . . .. ...•.• . .....•. 46.2 8 
Ti0 2 . . . . • . . . . . . . • . . . • . • • . trace 
A1 20 3 . . • . • . • • . . . . . . . . . . • . 0.00 

Fe 20 a ...... . .. . . ........ 0 . 23 

FeO .... . .. . . . . . . . . . . . . .. 10. 88 
MnO ..... . ...... . . . ..... 39.72 

MgO ............. . . . .. '" 0.14 

eao ...... . ... . .... . ..... 2. 8 7 

H 20 + ....... . .. . . . ...... 0.1 8 

H 20 - .............. . .... 0.0 8 
----

100.22 
Spec. gravity 3.6± 7- 3.6 5 0. 

0.7675 

O.OOH 

0. 15HI 
0.5599lo 

O ( 
.757± 

.003;:; 

0.0512 ) 

This rhodonite is 1'icher in iron than that from point 27 analysed 
hy me (see p. 23) and its refractive indices are higher. y is similar 
to that of No. 27 b , but the birefringence haos the same "alne as 1'ho
donite 27 c, viz. 0.012. 

A r y l' 0 X man gi t c from point 5 contains abundant inclusions 
of gralJhite and magnetite. lts colour is a darker brown than that 
of the other pyroxmangites. The cleavage angle between (llO) and 
(110) is measured as 91°40'. The optic data are as follows: a = 1.73 .. 

...L 0 . 001 , ß = 1.737 ± 0.00 1, ')' = 1.7 5 1 ± 0.0(11 ; 2 V = 37. 5° . 
'rhe analy,üs made by Miss EIsa Stahlberg gave the following 

result: 

19U1.- ;):; 
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Tahle VII . 

P yroxmangite, Simsiö 5. 

Si0 2 . .... .•.• . .. .... ... .. 

Ti0 2 ... . .. •.... " .. .• . •.. 

Al20 ~ . . . ............ . . .. . 
Fe20 3 •. . . .. . . • .•. .. . . .. . 

F eO . ... ......... . .. ... . . 

~~ 
46.4 8 
trace 

0.00 

2.37 

22.32 

:'1101. 

0.770 8 

MnO . . .......... . ...... . 
MgO ................ ... . 

21.0 ü 

3.1 I 

-±. 6,* 

0. 45 

0.20 

O.Ol -lb 

0.3 L0 6 ") 

O. 2 973 l 
O -- (U . i6i ' .0, , 1 

CaO ............ .. .. . . .. . 0. 08:27 ) 

100.67 

~pec . gravity 3.723- 3. i 30. 

The cOl1siderable amount of Fe 20 3 ma,y be clue to a high degl'ee 
of weathering of the material and to the inclusions 01' magnet.ite. 

Locality 

Data by 

Tahle "VIII. Pyro:J.;rnangite. 

I 1:3 I 14 I 
.lvH. ~outh Y. SilviJcl'g 

Ua l'olina ::\wedcn 
Glas-s- SUllditlS . 

~4 

~ilHs i ö ;) 
Ji'inland 

JJictancn 
------- -- ----

I Ü~~IO I :-;lIu:2~·:o:! 
:FlI1lallÜ 

Bl'adlcy Hyg<ICn ::>tllhlbcr~ H enderson HICtanm 

In 
(:l ell r lg 

S('o tlal1(\ 

'rill o)' 

~2 

:-:; imsiö :!7a 
b'jnlanü 

H ictnll(;' 11 

Sb\hlbpr~ 

Gla~'" I Uletnnc ll 

----------~----~--.--------------~----------------------~------

Il1:M 
In: b 
:' l : b 
a : b ..... I 
rn : a 
.\l: a 
C : l' .. .. · 1 
u ........ . 
ß .... . .. .. 
y ........ . 
'i'--a ... .. . 
+ 2\" 
Disp ... . . . 

FeS i0 3 ... . 

'\[nSi0 3 .. . . 

:'lgSi03 ... . 

CaSi03 .. . . 

8pec. gr. .. . 

91°50' 
45°14' 
42°56' 

ü3 

1.718 
1. 7 50 
L7 G~ 
0.016 

37° 
e > v 

55 
41 
o 
4 

82° 12' 

70 

1.7~ ~ 
1.7 J 0 
1. 7 5:; 
0 .017 

42° 

4(j 

38 
;3 

12 

81°-10' 

1.7 31 
1. 7 3 7 
1. 7:)[ 
0.017 
37 .. j 
e > \' 

,13 
39 

8 
10 

3.72 

m °4-! ' 
45°22' 
43° 18' 
% 0 __ 

(j5 

1. 7:ji 
1. 7 10 
1. 7 ~ I 
0.0 17 

39 
e > y 

38 
51 

;) 
(j 

3.00 

1.7;) 8 
1.H2 
1.751 
0.010 
39.5° 
e>v 

35 
5-! 

~ I 3.75 

J. 7 :32 
1.7:3.; 
1.750 
0.01 ~ 

H 

28 
55 1 
II 

(j l 
3.63 

(WH .. ; 
-15°12.,; 
-13° 3.5' 
02°28. :j 
-"7 I (j' 
-1-l 2i:{' 

1.7 :31 
Li :1I 
I. 7 l!) 

0.0 I ~ 
-10 

e > y 

23 
(j2 

(j 
(J 

3.(j~ 
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a 
ß 

L OC Hli!y 

Dat" b)' 

An>!/. by 
- - --

i' ""'"'''' 
y--a ...... . .. . .. . 
21,: ............. . 

FeSiO a . . ........ . 
)t[nSiOa .... . . . ... . 
)iIgSiO a ... • ....•.. 
CaSiOa ..••.. . ... 
Spec. gr. ..... .. . . 

Table IX. Rhodonite. 

Hi:l~~~l'g ilr~k~I~\~I11I :;imsiö :\ Sims iö 27 b ,,;illl , iö :1.7 c, ilald Knoh 
8 I 12. 1 9 I 21 20 I 1.1 

8wedC'1l . .\:lI·~ t·rali"a. _ .E'inland _ Finla,nd 1_ ]'j~ln~ :. Carolillet. 

;::)undiu:-. . _ Gl:01 )o< :,,\ Hirtanen I HietanE'll HictUIlCIl I GJass 

Bygdcll H endf' r:-\Oll Ojanperä ::;tiihlherg ! l-lirtancll H end erson 

1.7eZ5 1.72li 1.73eZ 1.7291 1.720 J.7eZ .' 
J.72 8 1.730 1.737 1.734 1.734 1.72S 
1,7:l71.7:lU 1.741 1,741 I.7Jl 1'7 3 7 
0.012 O.Ol:l O.OU 0.015 0.012 0.01 3 

70° 7+ 72c--88° 66.5° 68 - 73.5° 70" 

26 
53 

6 
15 

23 
6i') 

1 
lt 

3 . (j~ 

20 
7J 
0 
6 

3.1;5 

20 LI j 

66 72 82 
5 7 3 
9 7 9 

3.1i ~ 3.1;1 3.7 '; 

Table VIII shows the chemical compounds and the optical properties 
of the known pyroxmangites. Pyroxmangite from Simsiö 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 cOluposition is close to that of the rhodonite from Broken 
Hill (No. 12 in Table IX) but the optical properties are distinct1y differ
ent. While the rhodonite of Bl'oken Hill has a large optic axial angle . 
74°, the corresponding value of the Simsiö mineral is 40°. The refract
ive indices of the rhodonite are 10\vcl' than the corresponding vaJues 
of the pyroxmangite of a simi1ar chemical composition. A comparison 
of the Tuna Hästbel'g rhodonite (No. 1, Table IX) and the Glenelg 
pyroxmangite also indicates this. Comparison of the optical properties 
of the Simsiö rhodonite with those of the described rhodonites shows 
that the refractive indices of the Simsiö rhodonites are relatively 
lügher than the refractive indices of the rhoclonites to \\'hich they 
stand near in chemical composition. In this l'espect they 'how an 
approximation to pyroxmangites. The ternary diagram, as used by 
Sundius and Tilley, seems to be applicable for visua1izing 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) sho,,- 10"'e1' indicei:! . 
The same fact appears from the rhodonite 12 ",hich is in this respect 
comparable to the pyroxmangite 24. 

The stereographic projection (fig. 3) plots the optical orientation 
of the Simsiö pyroxmangite and rhodonite. The Simsiö pyroxmangite 

1 



,;hows in this respect a closest approximation to the Idaho pyrox 
mangite (Henderson anel G1ass 1936) anel the orientatioll of the I'ho 
clonite is in accordance with WincheU's diagram:;. Th e rlifferenu' 
between rhodonite and. pyroxmangite thus appears in their optica I 
properties. Pyroxrnangite is characterized b,v higher birefringence 
and a sma ller optie axial angle in com]Jarison to rhodonite. Another 
differen ce between these two triclinic iron-manganese silicates ex isb 
in their cleavage angles and consequently in the angle:; between their 
f"rystal-faces. While the angle m :M or p,vroxmangite is a bout n l° ..j.:") '. 

NnJiOJ 

Fig . 4. T"l"lutr y diag l'um for plotting thc c hem ical 
compollnd;; of thc pyroxmangit(,,,, ( ) 3 11<1 rhodon 

itcs ( . ). 

1- H ::-lIUldill,; (19:n ). 
\) H l'y (J 920). 

10 LurspnandHhll11· 
non (l!122 '. 

ll- 15 H ('nde rson aad 
G lalis (1936). 

l6 Till py (1937 ). 
17- 1S Hiptanpll (10:36,. 
19- 2+ Rirnsiö minend~. 

the same angle of rhodonite is 92°28 .;-,'. The refl'ingence of rhodonitc 
is lm,-er than that or pyroxmangitc. Rome Sim"iö rhodonites form an 
exception in this r espect. Simsiö 27 b is an intermediate member 
between rhodonite an d pyroxmangite. IVhether it belongs t o olle 
01' another species cannot bc settled with certa ill t~,. For that purpo,;e 
X-ray determination of the crystal strncturc ,,·ould be nece:;sar.\·. 
The question whether these two minerals form t\\"o separate spceie:; 
01' if they are members of one ami the same isolllorphie i:lCl·ics a1'i;.;e" 
a lso in this connection as not yet being definitel.\' ettler!. 

Orünerite, apatite, an d the afore-mentioned mangalleolis JllJ ("C\ 

occur as accessories in a ll manganese mineral accllmlllation~. (~ra

phite is occasiona lly met with in SOllle abundance. 
Spessartite appears in quartzite near to the other ma nganetie 

minera ls . Tn the sOllthern accumul ation it 1S found in cryst a ls up 
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to O. \) cm in diameter. This mineral was described by me in the 
ca,dier paper (Hietanen 1936, p. 398). Spessartite is also found with 
p~7rrhotite within the migmatite east of the qua.rtzite area. This 
spessartite shows a different composition. According to an analysis 
made by MI'. Pentti Ojanperä the ratio [FeO]: LMnOj was 1.66. \\'hile 
the same ratio in the spe sartite from area 27 \\'aS 0.2 0 . and tbe re
fractive index, measured b,v means of goniometer in a prism, was 
l. ~ 074. 

Apatite is founel very ahundantly in some speeimen of manganese 
minerals. It oeeurs in sm all grains. 

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

Genesis 01 the ma,nganese minerals. SimilaI' iron-manganese ores 
in quartzitic rocks occur in severallocalities. such aR at Mazkamezö 
in Siebenbürgen (1'. Kossmat and r'. von John 1905, Qniring 1919) 
anel in quartzites of the Dhanl'ar series in India (Fermor l!) 19, L. 
Hezner 19U)). VittiJ1ki, situated in the parish of Ylistaro , Finland , 
110\\'ever, shows the close,;t resemblance to the ores in question. Thi8 
area was sUl'veyed by Saksela (1925) and it "i1l also be brieHy de
scribed in this memoir. 

In the manganese-ore deposits of Central India. ores are associated 
\I·i.th the manganese garnet. spessartite, and the manganese pyroxene. 
1'hodonite, forming aseries of roeks known as the gonditic series. 
These gonditic ores are younger than the pegmatites which penetrate 
them and they are interbedded with crystalline schists anel phyllites 
uf the Dharwar series. T\\'o series of manganese ores are dis
tinguisLable according to the degree of metamorphism, hut \\'ithout 
Cl difference in time. Crystallization laeking the formation of 11m\' 

minerals characterizes the lower degree of metamorphism. Psilo 
melane and pyro]usite, some braunite, anel hollandite are intercalated 
\I"ith the quartzites and phyllites. Small occurrences of mica-schists 
C'ontain manganese-bearing ilicates, tourmaline and ottrelite. The 
ores of the highly metamorphosed rocks consist of braunite , psilo
melane n.nd some hoJlanrlite. sitapn.rite and vl'edenburgite. These 
ores are associated with gonrliti c rocks and oeeur togethel' \üth quartz
ite , phyllites and conglomeratic gneisses. All the 1'0cJu; are schistose 
and the 8chists general1:v stand steeply, se!dom horizontally. Fermor 
,;upposes the handing of the gonditic ores to be in part the resnlt 
of segregatiye changes during metamorphism of the original sedi
Illentogeneous rocks. According to Fermor, the deposition of the 
O1'e8 has taken place mainly as oxides , seldom as carbonates, and 
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in a few cases as sulphides. The manganese silicates have been formed 
by reactions between cbemical manganese sediments and quartz 
with aluruinous silicates. J n the areas of 10",e1' metamorphism the 
Fmbstances have not reacted, showing only a recrystallization, 

In the iron manganese-ore deposit of lVIazkamezö a large content 
of iron has given rise to the formation of kncbelite , dannemorite 
and manganiferous magnetite. Spessartite and rhodochrosite occm' 
together with these ores . The origin of the ores has been explained 
as sedimentary in the same manner as in the case i)f the occurrf'nces 
m Inclia. 

The manganese ore deposits of Li'mghan. Sweden , are to a certain 
degree mineralogically comparahle with those of the Simsiö aneL 
Vittinki areas, hut their genesis is different. The occurrence of the 
ares is similar to the occurrences of the general metasomatic iron
ore deposits of Sweden in connection witb leptitic rocks. The origin 
of the manganese ares has been explained aeeording to this in the 
same manner. Dolomites oecur as assor,iated rocki'l (Magnllsson 1924. 
ßeyschlag-Krush-Vogt 1922). 

In the manganese hearing ore depositi'l of Franklin Furnace a.neL 
t;tirling Hili, New Jersey, zine is eharacteristic. building minerals such 
as jeffersonite , \\'iIlemite. franclinite and roppel'ite. Limestone occllrs 
a.s an associated rock. A metasomatic origin of this deposit ha<; 
heen assumed hy different authors. 

The compaJ'ison of t.he Simsiö area \\'ith the kno\\"n iron-manganese 
ore deposits indicates many analogies and :->upports the assumption 
which would seem most acceptable also from the results of the present 
i'ltudy , viz., that the accumulations of manganese minerals are of a 
sedimentary origin. Manganum and part of the iran have heen orig
inally deposited from bicarhonate solutions as carbonates . together 
with quartz sand. Another part oI the iran has heen precipitated 
aR oxides 01' hydroxides. and this part, is no\\" present as the iran are 
accnmulations occurring in separate placcR and not dilectly associated 
with the manganese-iron silicates. The manganese and ferrous car
bonates, again, have reacted with silica. hut not the feJ'ric hydroxideR. 
The manganese ~ilicates have accumulated during the metamorphism. 
The occurrence of abundant eLiopi'lide indicates that the cement of 
the original sandstone has been dolomit.ic, The mode of its OCCUI'

l'ence - lenticles and layers - i<llOWS that also the cOtupounds of 
the diopside ha.ve heen very mobile during the metamorphism, but 
not to such an extent as the iran manganese silicates. 
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Pe/ro/abrics 01 quartz. 

Interpretation 0/ the undulose extinction and the Böhm lamellae. 
In 1906 Trener noted that in dynamically metamorphosed rocks 
from the valley of Tonale quartz crystals generally show an orienta
hon ofaxis c approximately perpendicular to the schistosity. In 
1911 Sander found a similar tendency in some quartzites in the Tyrol 
and he named this type of orientation the »Trener a-rule». These 
first orientation observations were made hy means of a gypsum plate. 
'1'rener carried out the first observation of the orientation pheno
menon, hut Sander investigated it and showed that the Trener rule 
was only one type of quartz orientation anel also that it is rather 
uncommon in tectonites. He found that axis c more commonly lies 
parallel to the schistosity, which type of orientation he named the 
»y-rule»), the axis of quartz standing perpendicular to the linear 
::;tructure of the rock, 01' tectonic 'b'. 

The various types of quartz orientation are different, according 
to the deformation by which the rock has obtained its present struc
ture. The orientation generally belongs to the last period of deforma
tion but also traces from an earlier period may be visible. The sec
ond fabric is then »Overprinted» upon the earlier one. The first 
stage of the deformation we can see in an undulose extinction of 
the quartz grains, as several investigators have aelmitted. If we 
follow the development of adeformation and orientation process 
we must find traces of it in single quartz grains. If the consequence 
of the deformation, the lattice orientation, is of various types , the 
whole process and also the development of the undulose extinction 
may be different. Sander distinguishes two types of quartz deforma
tion, a ruptural and a plastic deformation. The former is connected 
with translation parallel 01' subparallel to the prism faces. Sander 
(1930, p. 175) writes: »Die Zerlegung in Stengel nach c (wie sie die 
rupturelle und wahrscheinlich jede undulöse Auslöschung des Quarzes 
kennzeichnet) und minimale Verlagerung dieser Stengel bzw. ihres 
c gegeneinander ist die einzige Antwort des Quarzes auf ganz ver
schieden gerichtete Durchtrennungem. Sander has measured the 
angle between these ruptures and the vertical axis of grains as varying 
from 0° to 6° or 12°. The orientation rule of quartz is called in this 
case »prism rule». 

In the Pre-Cambrian of Finland I have found quartzites which 
show well developed orientation according to the Trener a-rllle. 
This discovery caused a closer investigation of this kind of orienta
tion process. In this investigation I started from an elaborate scrutiny 
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of the deformation of individual quartz grains and 10und that this 
mode OI orientFLtion pro ce s is in close eonnection with the plastic 
(lcformation of quartz. 

The plaRtic deformation of quartz is connected \\'ith the Böhm 
Hteiatiom;. In 1885 Böhm. a German geologist, noted fine striationH 
on several quartz grains 01 a gneiss frorn Wechsels (Böhrn 1883). 
'J.'he character of these Böhm larneltae has been interpreted by Horne 
writers as a Rystem of fine lamellae (Fischer I(25), by Judd (L888) 
as t\\'inning lamellae, and b,v sorne as liquid 01' gas inclusions (Böhm 
1883. Becke 192'*). In both cases they were regardecL as the result 
oi gliding (Mügge 1892, Becke L924, Fischer 192G, Sander 1911, 
1!J:28). Fischer 1'egaeds the crystal faces (0001), (1011), (OL1I) anel 
(JJ'obabl.v . till more obtuse rhombohedral faces as posRible gliding 
planes. Sander (1930, p. 178) has measured the inclillation of the 
poles of the lamellae to the optic axis of quartz anel has found it to 
bc on an average from :20° to 23° in tbe date-quartzite from Krummen
dorf , Sile. ia anel in micFL-schists. A<::..,cording to _his measurements 
Randel' aSRllllles tbe crystal faces (0113) anel (0112) to have actecl 
ClS gliding planes eluring the deformation proeess (Sander 1928, p. 
20: 1930, p. l78). 

The optic orientation of fluartz connected with this translation 
after the Böhm lamellae is cFLlleel »basal» 01' »rhombohedral rule». The 
orientation of quartz grains sho\\'s in the latter case a close corres
ponelence witlt that of calcite and, on the othel' hand, the rocks whiclt 
show similarity with calcite in their orientation are deformed after the 
rhombohedral rllle. e\'en if there is no visible evielence oi Böhm lamellae. 

T n the ease of plastie deformation, strongly undulose extinction 
an<! ruptures may occur together with Böhm Rtriations , hut the 
latter are found also in qUFLrtz grains which have on ly a very weak 
undnlose extinction 01' which show no undnlosity at all. The Böhm 
striati.onR are in this ease regarded by several investigators as reliet 
liquid 01' gas inclusions . They appeal' as darker streaks just before 
extinetioll. All these Böhm striations are seen more diRtinctly anel 
aR smalter st.reaks on sections ~which are parallel to the c-axis. 

Examination of individual quartz grains hy the U -stage throws 
fllrther light on the deformati.on process ,,-hich gi\'es rise to the Böhm 
lamellae. lnvestigations of this kind were made on quartzites in 
which the quartz grains show Böhm striations and an undulose ex
tinction. Some of these quartzites were orientated but some "'er<'! 
not. The methoel of examination applied by me is in short aR 1011ows: 
The position of the c-axis is measured by means of the U -stage in differ
ent points of undulose quartz grain.. The methoel of marking the 
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axis is tJle same as in the marking of folding axes on the map. Fig. 
:2 (PI. J) shows :,;uch a map ofaxes made from one quartz grain in 
Cjuartzite {rom the hill Petäjänvaara in Rovaniemi. A photograph 
of the same grain is reproduced in fig. 3 (pI. I). The direction of 
a lllark <.:orresponds to that of the c-axis and its length characterizes 
the pitch 01' dip oi the same axis. The angles are multipliecl by three 
to make the marking clearer. 'Vhenever this has been fOHnd necess
ary in the fo[[owing figures , it has been notiiied in the explanation 
lmder the figure. 

The Böhm striations are seen 
in the photo as darker streaks 
perpencliclliar to c. In fig. 2 (Pl. I) 
they are marked \\'ith lines. 
Rnptnre:,; \\Ihich we can also see 
in thE: photo are dra\\"n with finer 

/1\//1\\/ 
Fig. 5. Thc yarying directions of 
thc ('-,txis in a strainccl quartz grain. 

Jine". The comparison of the nnap ofaxes) with the photo shows that 
t he c-axis has a constant direction along thc )wave") (i. e. the lines 
oi t he same extinction) of the undulose grain. In thi grain it haR 
also a constant clip, but in most quart/'; grains the dip is variable. 
Perpendi<.:uJar to the waves the direction of the c-axis varies, being 
the ,;Ftme at certain intervals. The clip oi the axis shows a tencl
ene.\· to a similar recurrence. Ti the dip remains constant. the varia
tion oi dil'ection ma:v be markecl as shown in fig. 5. 

_-\.,; \\'e set , the pm:ition of the basal pinacoid varies regularly, as 
if thi:,; cry<.;tal face had been folcled (fig. 6). In short, t heu n d u los e 
extinetion of this t:vpe 
111 a ~- b e r e gar d f' ci ast h e 
foJding of thc basal 
pi II Cl co i cl. As the direc
tioll" nf c10sest packing [2] J 0] 
on the ba:,;nl pinCl roicl are equal, 

Fig . 6. Th\' varying pil'cctions of the basal 
pinacoid in tlw quaJ'tz grain of fig. 8. 

e\-elY scction parallel to the c-axis shows a f:limilar curving. The folcling 
i" consequent l.v equal in different clirections. We can see this under the 
lllicroscope in sectiolls nearly perpendicular to the c-axis. as an irreg
ularity in the strain sltado\\',; (fig. 4. Pl. I1). In seetions parallel 
to c this Ltct causes the variation oi the axial dip. l!-'ig. 5 a (Pl. II) 
sllo\\':'; a quartz grain in a blastopsammitic quartzite OI )Jatuliam 
type from Maaselkä, Aunus, anel fig. 5 b [PI. II] the axial map of 
tlle :,;ame grain. The turning of the c-axis is regu lar ancl also the 
undnlose extinction .We can see one »train 8hado\\' sweeping over 
the grain by turning the thin seetion under the microscope. The 
dip of the axes varie.· and indicates a distOl'tion of the basal 

1901. -:l~ :j 
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pinacoid in a perpencliclliar dircc-tion or its projeehon in th i:; plüne. 
[f we construct a erum[!led basal. plane pcrpenrlicular to thc ('-axf''; 
this basal plane resemble:; a hill.v landseape. 

Along thc J'uptures the clirection of thc ('-axi:; "aries sllddel1ly 
and. aeeording to it . al')o the po,;ition of the hai-<al pinucoid. Jn fiu, 
7 thi8 variation i8 ::1l1o\\'n schematically, and the l"lljlture:-; an' marked 
by line,;, 'rhc line whieh symboJizes the djreetiom; of tlw hn,;al 
pinaeoicl scem to be hl'oken on the lincH of thc rllptures, :'\('('0]"(1-

ing to this. the ru p t 11 l' e Sill t he c <~ se 0 f pi a ,; t i (- cl e f (\ r lil
ation may be eonsidel'ed <1S break ... in the folded 
ha s alp in a c 0 i cl. The lattiee of the quartz crystal i:-; fle,il)le 
Hp to a certain limit and \\-hen thii-< limit has been passed tlw laI ticp 
hreaks off. 

The assumptioJl of thc folcbng or CJ'lllll]lling of basnl pincH'uicls 
postulates a glieling plane a long the same crystal facf', This "ll]lJwNi

Pig. 7. Yariütion of tl1(' ("-<Lxis in tlU' 
prcscll.ce of l'uptural strain shado\l·s. 

bOIl ha. ' eadier been put for
ward by se \-eral author" in 
connc<:tiOIl \\"ith the problem 
of the Bühlll striatioll~ (Nee 
p, 32), }J iigge and Fi,;vher 
rcgardecL t he Böhm !>tria tiOI!:; 

formee! from liquid 0]' ga-.; 
inclusion!> a" relicts that are l:iecn in <]uartz \\"hich . hO\n' no Undlll()~e 
extinction, The RtriationR, the direetionR of \\. hieh differ from t lw t 
of the basal pinacoid, are eOllsidered HS traces of rho 111 hoheclra 1 glicl
ing. No\\- m:v observations seem to indicate that in certain ('ases 
also they may be relicts ami traces of an eadier position of the haNal 
pinacoiel, Fig, 6a, h (PI. III) grain 2 sho\\'s an e\-iclenc'e ofthis. We call :-iee 
here that Röhm striations are perpendicular to the rupture and \\"cl "es 
of the undulosc extinction belonging to the earliel' deformation. --\xi::; e 
of the quartz grain of the present shape fonns an angle with the 
earlier elirec-tion of the same axis. Generally the position of the ha::;al 
pinacoid fonns rather small angles \\'ith Böhm striatioll!> and we can 
suppose that the same deformation which had formed the Röhlll 
striationR, later on caused the turning of the c-axis to itN presf> 11 t 
elirection. 

[n fig. 7 a, b (PI. In) \ \ 'C can see marked strain shaelows and Böhm 
striations, \\-hich differ in largest extent from the direction of the 
basal plane. On the left hanel side there is only one series of Böhm 
striations, but on the right hand siele two series are visible. 
ancl a narrow zone between these two parts contains all three 
series , If these striations are formecl by glicling along the rhom-
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bohedral faces 01' the basal plane, a later deformation must be 
assumeel in any case, as the direction of the present rhombohedral 
faces as well as that of the present basal plane cleviates from the 
Böhm striations. l\'Ioreover, this deviation has different values in 
elifferent parts of the quartz grain, indicating that the deformation, 
\\'h1Ch has turnecl the c-axis to its present clireetion, has not dis
turbed tlle reliet Böhm striations. 1'his \\'as ohseryecl in man)" other 
ease8 - as for in.'tance in Cl quartz grain from the quartzite of 
Vaaksaus, 8uojärvi (fig. Sa. b, PJ.IV) - etncl it ReemR to be a general 
rute , that the positiol1& of the strcak:-; are not affcetecl by the strain 
whie11 eause~ the markecl cle 'iation of the optie axis from its orig
inal position. This fact indicDtes that the material in the orientfltion 
of quartz is not movocl, as a whole. (Cf. also fig. 10 p. 3~) 

Thus tho mechanics of the deformation of the quartz lllfl." bc 
interpreted as follmn;: \Vhen strflin first act~ upon an lllldf'{orme(l 
quartz lattice. gliding along (0001) takes place. but only to a limited 
extent , aR the translations in tbe quartz lattiee are slight. 1'his gliding 
is eonnected \\"ith glide-folding and nnruptural strain shadovvs. In tbe 
continllerl deformation there al1pear Böhm striation1l 01' ruptural 8train 
shadows, 01' both together. In tbe casf' of Böhm striations the gliding 
causefl a feeble breaking of the cr.vstallattiee. Probab]y owing to the 
screwlike strueture of the quartz this breaking ma.v giye rise to the 
cavities now seen in the striations. 

vVhen the meehanical strain, or deformation. gro,,'s stronger, 
fractures appeal' perpendicnlar to thc Böhm lamellae anel gliding 
along the prism {aces begins. In other eases the gliding along (0001) 
has takon plaC'e in the heginning of deformation onl.v to so limited 
an extent that Böhm striations do not appeal' at all. Dl1l'ing thc 
continuation of the deformation the quartz lattice breaks also in 
thi.s case intn needles parallel to the e-axis. 

This breaking fleell1S to be tlle process in whieh the quartz lattiee 
is able to »turn itr-; front». This turning of front may take place in 
such a wa~r that one 01' another of the three preferred translation 
directions turns parallel to the glide direetion eaused b.v a shear 
(Schmidt 1982, p. 174). The Si-atoms build the lattice planes of 
the closest packing parallel to the gli.ding and one 01' another oi the 
gli.ding surfaces is formed , subparallel to the shear surface. 

The characters of the glirling parallel to (000]) and parallel to 
the prism planes are different. In the former case the gliding at 
first seems to proceed smoothly and to be aceompanied by glide 
folding (undulose extinction). but 800n it causes broad streaks of 
twinning a long rhombo hedra l {acer-; 01' broken zones in the quartz 
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lattiee (Böhm striation ), whereas in the latter case breaks appeal" 
as fine ruptures parallel to the e-axis. The frietion in the translation 
along (0001) seoms to inerease to such an extent as to set a limit 
tu gliding in this plane, and it is probably at this stage that breaJ{
ing takes plaee instead of eontinued glide-folding. Breaking parallel 
to the e-axis is probably conneeted \\'ith the strength properties of 
the quartz. As the erushing strength of quartz is smaller parallel to 
ethan normal to it, a breaJüng into needles so on appears when the 
::;hear gro\ys stronge!'. The gliding strength of the quartz has not 
been determined. bnt probably it ShOllld be maller perpendieular to c 
than p~tmllel to it. if the Böhm striations are traees of gliding, 
as supposed. Heside' immediate breaking of the la.ttiee, gliding along 
the prism faces in the direetion [00011 must be assumed. 

The breaking of the yuartz lattiee into needles has been assumed 
previously by Sander (see p. 31) alld Jo lm::;en (1026 , p. 168). John
sen \\Tites: »leh erkläre mir das Zustanrrekommen der Trenerschen 
Cefügeregel (Hauptachse des Quarzes annähernd senkrecht zur 
Schieferung) etwa so: Ein Q.uarzkorn geht bei Sehubbeanspruehungen 
in gefaltete GleitJameJlen über. die entsprechend der sogenannten 
Böhmsehen Streifung ungefähr parallel der Basis orientiert sind . ::;0 

da::;::; ehe Basi::; annähernd parallel der Sehieferungsebene des Gesteins 
liegt. Mit der Fältelung der Lamellen sind Spannungen verbunden. 
so dass bei der fo lgenden Reb"istallisation jede (:leitlamelle in ein 
~-\ggregat von Qllartzkristallen zerfällt , deren gegenseitige Crenz
flächen zirka parallel der Faltungsaehse liegen 111 üssen und die, ebenso 
" 'ie elie urspriingliche Oleitlamelle ihre Hauptachsen (optische AehHen) 
mehr oder weniger senl,recht zur Schieferungsebene gerichtet haben». 

Which of the t\\'o defol'mations - plastie 0[' rllptural - takes 
plar-e depends upon thc geological eircllm::;tances anel in man." caf.es 
]Joth occur at the samE' time. In the occurrences of quartzite::; in 
the Pre-Cambrian of Finlancl both types are represented. The quartz
ite of Sim:::iö 4a i::; an exeellent example of quartzites \düch have undel'
gone a plastic: deformation; in the quartzites of Western Laplancl 
the prism faces have aeted as gliding p lanes. and in the quart7.ite of 
Yittinki. Ostrobothnia, traces of the plastic deformation are visib le. 
bnt intensive ::;hear ' haye caused also ruptuntl glidings. 

~-\n examination of the eharaeter of Böhrn striations has ShO\\'ll 
them to be liquid 01' ga::; indusion;;;. Fig. H shows ,;chematieall,y 
the quartz grain Xo. 1 of figure 6 b (PI. ITI). The clarker streaks are 
filled with inr-Iu::;ions \\'hieh (500 X magnifiecl anel illuminated b.\' 
a ueam of t'tnmg light) appeal' like foam, \\'hile the lighter positions. 
::;ho\\'ing a lügher birefringence, are withollt inclnsions. Th stria
tions are irregular and form an angle of abollt :Wo with the ba13al 
pl ane . No other series of Böhm striations ean be seen in this grain. 
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In several cases there oecur Röhm striations whieh are evielently 
elue to translation along the l'homboheelral faces. Thus in the quart
zite of "ittinki (fig. Oa. b, PI. 1 V) two series of Böhm striations 
form an angle of about H5°, wh ich corresponels to the ang le ( 10 L 1) 
I\. (J 101 ) = 85°46' (Niggli). The present basal plane (A in fig. 9) fonllf.; 
an angle of 26° with the supposeel rhombo
heelral faces ] anel an angle of 82° with face n . 
The basal plane anel also t he c-axis hael earlier 
- accol'ding to the supposeel rhombohedral 
faces - another position. In those cases in 
wh ich the Böhm striations are recognizahle, 
we can eletermine the original pOflition of t he 
c-axis and from this and its p l'esent position 
we can fnllow the re-orientation of indi
"iunal quartz grains and consequentJy also 
the forming of the orientation of t he rock. 
ThesE Böhm fltriations are. however. visible 
0111y in very few grains amt usually there is 

Fig. 8. A schcmat ic pic
ture of thc Böhrn stl'ia
tions. PC'täjäntal'a. Ro-

, 'aniemi. 

onl.v one series of them. 1f this series forms an ang le \\'ith the ba"al 
plane. one cannot estab liflh \\'hether it is a trace of the origina l 
hasal p lane 01' of a l'hombohedl'al face. 

Ln the ([uartzites no\\' examinecl there 
are no traces oi external rotation of quartz 
grains vüüble. Moreover, the crystal
lobl astic stru cture an d curveel bOllndaries 
of the grains seem to give evielence to the 
contrary . viz., that it has not been possible 
for t hem to rotate. Conseqllent ly. if t he 
grain li as not been in a favoureel position 
when the strain has actecl upon it , it has 
nnelergone an intragranll iar deformation. 
Jn this deformation the quartz lattice is 
re-eleformed, so that one 01' another of the 
t hroe clireutions 1000 11 . 1 illO], 1 i l131 of 

F ig. !). Schcmatical figurC' 
sho\l' ing thC' pos ition:; of tlw 
Höhm stl'iations ami tllC 

basal pinacoicl. \ Tittink i. 

readiest glieling assumes a, position parallel to t he gliele eliree
tion. 'ehe process of this deformation seems to be as follo,,"s: 

I) Agliele-folding parallel to (000 I) . visible in plastic strain shadO\\'::L 
2) a. Breaking of the lattiee aeeoreling to thc Böhm lamellae. 

Plastic deformation. 
b. Breaking of the latti.ee parallel to the ('-axiii . Huptnral 

deforma tif)n. 
I) and :2) a may oceu!' together in nonorientated rocks anel also 

in the preflence of a weH developed orientatiol1. In the latter case 
a iiheaJ' belonging to a later period oi deformation has caused these 
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processes .in Cl roek whieh was previously orientated. The orienta
hon process is always eonneetecl with 2) b but it lllay take plaee in 
two ways, "Viz.: 1) ancl2) b oecur togetller, 01' 1), 2) a and 2) bare a1l 
representecl. 'fhc former ease is thc ruptural deformation. Ulicling 
hH::; taken plaee a lcmg tlte prism planes. In the latter ease a g liding 
along (0001) aets first and gives rise Lo Höhm lamellac. These la
mcHae break into needles whieh al'range themsclyes so that the 
quartz grain reaehes a favourecl position anel ma.\' hegin to yielcl by 
gliding. The Höhm lamellae rema in a::; streaks consiRting of liquid 
Ol' gas illClusioW'; as an evic.lence from an earlier stage of deform atiOJl. 
TlmK the gliding along (0001) and rupturin~ along L00011 seem tu 
cow;tltute the process which makes the quart;>; able to »tUl'l1 its front» 
ami com;equent ly makes tbe orientation of ljuartz posr,;ible in thosc 
cases \\"hen external rotation raIlOot takc place. 

Petr-ofabr-ic diagr-ams 0/ the 8irnsiä quartzitp. Dimensionalorienta
tion of quartz-grains is visible only at a fe,,- }Jlac·es. 'rhe quart;>;ite 
iFi mostl.\' eoarse-grainecl. nearly glass,\'. as describecl earlim', Oll t 
all'eady an examination with a gypsum plete gavc e,ielence of an 
optie orientation. Beeause?-' is mostly pel'penclicular to tbe sehistm:
ity, the sections {O!' orientation analysis were made parallel to thc 
sellistosity. The measming '\'as performed with a l niversal stage 
of Leitz by means of the method deseribecl by Berek (1924). Tbe 
data are lecorcled on an equa!-area Pl'ojcction. ~o. that the point" 
are plottecl on the upper half of tbe theol'etical ßphere , not on the 
10"'e1' half. 'rhe contouring of diagrams wa~ done with a one per 
cent circ:le anel b.\ means of tbe method of "T. SChlllidt (19:215 h). 
The symbolß llsed for the contoured areM are ßho\"11 in fig. I '. 
Pl. nn. 

'rIte cliagrams dnLwn on map [ll have been rotatetl eonstl'uetively 
into the horizontal plane. Some of theße rliagraltls. viz. 1)., '.4 b. 4c, H. 
28. 30, are repreßented also in their ori,U'inal position parallel to the 
plane of the sehistosity. The. trike and dip are sho\\'n by great eire les. 

D.S. -i a . The quartzite at point -i a is a blue-eolouJ'ec.l, glasßY "Hr
icty in ,,"hieh the strike i8 visible onl)' as an arrangement of a fe,,
graphite scales. 'rhc boundaries of the quartz grains are cUlTed aml 
fringed. 

Böhm striatiolH, penetrate the \\'hole rock in the dircction ",hieh 
{orms an angle frOl1l 35° to 45° ""ith tbe plane o{ thc 8chistoßity. 

' I'hey conßist of gaß 01' liquid inelusions and appeal' as darket, 
irregular sireaks (fig. 10, PI. Yl. The Böhm striatiolls are mainly' 
parallel to the baßal plane 01' form only small angleß with it. In fig. 
1 l (PI. V). from point 1, the striation, are broad and the lighter 
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lamellae bet\reen them nalTower than the striations themselyes. 
In another seütion from the same outcrop the Böhm striations appeal' 
regularly parallel to the basal plane and they show a wave-formed 
curving, as seen in the sehematieal :fig. 10. Fine shear-joints appeal' 
at the points of ;,;teepest eurving. Rimilar shear-joints parallel 
tü the basal plane were founel also in grains in \I'hieh no Böhm stria
tiOIl,.; are Yisible. They show a similar eurving emd are partly healed. 
The deavage-lines, as weIl as the Böhm striations, indicate a gEd
ing parallel to the basal plane. Olide Jines arrange themselves par
allel' to the directions of maximum re salve cl shear. In the ca se of 
-4- a I n1<)] lllay be parallel to s~. 

The position of the main maximum of D. S. -! a diffel's ab out 
3.) 55° from the 'ab' -plane. 'rhe angle between the Böhm stria
tiüll>' Hnel the basal pinaeoid varies from 
ü - :!5. being, however, in süme grains ~~"'~""'.'!'19'l1f .. 1~, 
a bOllt 30°. Several grains ;,;ho\\' also an- Fig. 10. Böhm ;;t rintion 
ot hel' series of Böhm striations , forming ",ith s l1C'ar·joints, I:;imsiö 
an angle of from 110° to 1.20 with the 1. :.\Iagn. abollt jüO cliam. 

form er series. 'rhe poles of these grains anaage themselves in the 
'ah'-zone of the diagram. Böhm f-itriations appeal' in these cases 
pa rallel to the rhombohedral faces. One of these series is parallel 
tü the Dame gliding, S2, whieh has caused the Böhm striations parallel 
to the ha. al plane in those grain::; the poles of which are comprised 
in the main maximum. As one degree of freedom is left , t,\·o maxima 
appeal' symmetrically ab out 'a,'. A gliding parallel to S2 has caused 
al"o the orientation of süme grains ,üth their prism planes parallel 
to this glidin~. 1'he poles of these grains are in the same point as 
tlw 111ain maxima in the neighbouring points 4 b, .Je e and 5. 

_-\.t ]Joint -± b (D.S . .Je b , Pl. VIII) the shea1' parallel to S2 is Yisible 
in the arrangement of smaU qua]'tz grains and in the quadTangular 
"hüpeD of se\'eral qnartz grains. The strain shaclo\\'s are rupturaI. 
ReJic:t Böhm striations appeal' very weakly in so me grains. In thi::; 
CHse plastic deformation has probably been dominant at the begin
ing of the deformation procesiS. but later shea]' has caused the break
ning of the crystal lattice and gliding parallel to the prism faces has 
taken place . The Böhm striations are evidently due to translation 
in the (lireetioll of SI' which was another glicle clirection also at point 4a. 

In D.R. -± c and in D.S. 5 the main shear s~ has caused the main 
maxinUl at points differing about 30° from 'e' . Another maximum 
is due tn S1' T11e diYision of this second maximum of D.S. 4 c (PI. 
YlIJ ) into t\\·o separate maxima is probably due to a rotational strain. 
Tlti" rotational strain has eaused also the elongation of the main 
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maximum at point -J. a , Jn the central part of Rimsiö (D, • '. 1, -! <1, -! c, 
5, 9, 31) 'b' has been the axis of rotation. 

An alternative exp lanation of the thircl maximum in D. S. -1- c is 
the same as the explanation of the main maximum in c1iagram" :3 , 
J 5, and l7. The main maximum OCCllrs here in the 'be' -zone abollt 
:20° 01' 30° from ' c'. Tn the Cjuartzite from point 1 J \\'eak Böhm stria
tions are visible in some grains. but mainly the quartz grain,; ::;ho\\' 
ruptural strai n shado\\"f;. and gliding along l'hombohedral faces (·an 
be assumed. '1'\\"0 shelu direction", SI and S2' are visible. and the 
grains have their rllomboheelral faces arrangecl parallel to the ,.;hear 
surfaces. 

At point 17 Böhm striations appeal' in i;Ollle grain,.; paraiiel to 
SI' Tlle quartz grains have their rhombohedral faces parallel tu I;j 

and S2' which are v isib le in a section perpencli 'ular to ' I)'. Huptural 
strain shaelows are ver.v marked (fig. 12, PI. \ ' L). 

In D. S. 1 t he t\\'o principal maxima and one sub-maximum are 
tiituateclnear to 'c'. T\\·o otber sllb-maxima li e near to ' b ' . The CJllartz 

sho\\,ti distinc·t Böhm titria ti 0 11 ti Iii~:~?/.·~,"':~;;\ V~ .. ·;:.,~.:;;.· ·:·,'.·;~t;m 
~~~""~~:';~:;,:S~""'.!§iü;:;':;;'-'.~4' parallel to the basa l plane. The 

strllctnre of thetie striations ii' dif
lti::'.:'~;;;;!!,~~·:~<.l'\i\\l~i}~,-.: :~:":;~:~;::?:.':1J 

ferent horn that of tlle earlier ca"e::;. 
Fig, 11. ßöhm ,;üia tio ll.'-;, Sill1siö 1. Fig. 11 sho \\'s thii; ,;chematieally, 

:Hagn. about 1000 uiam. 'fhe size of the inelnsions \'aries 

regularly, so that a ll the bigger inelusions are situatecl along the 
streaks which form an angle of about 60c \"ith the Böhm striation". 
Shear SI might have caused Böhm striations parallel to these streak,.;. 
Another gliding has taken place parallel to S2 amI caused tbe o \"e l'
printed Böhm striatiom and on l.v partly ob literated the former streaks 
- due to SI' The angle bebl'een SI and S2 i· about (jO~ anel the IllHin 

maximum is a lso here formecL b.v S2' 

In all these cases the existence of t\\"o shears, Sl amI S2' ean be 
established. SI' has been in every ease weaker, rt has causecl the Böhm 
striations in those grains whieh are orientated \\"ith their yertiea l 
axis nearly parallel to S2' 'fhe main shear S2 has causecl the orienta
tion according to the prism rule 01' rhombohedral rltle ami in t\\"!) 
eases (points .j, a and L) accoreling to the Trener rule . 

D, S. 2. 6, 25, '27 , 28, 30. 33 and 35 show an inclinecl girdle 
perpendieular to the sehistosit.v. The popition of the l11ain maximum 
is variable . Jn D. S. 6 it is situated near to 'c' in the ' be'-zone. The 
quartzite of point 6 'ho\\'s traces of shearing Illoyements in tbe di
rection of the main maximum, In point :2 the Cjuartz grains are 
elongated parallel to 'b', anel it resembles the glai:isy types with the 
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curved boundaries of their quartz grains. In the former case - point 
Ö - , as weH as in the rocks from points 28,30, and 31, there are still 
traces of the clastic structure in the impure boundaries of the grains 
and in the scattered occurrence of the accessory minerals, viz. diopside 
and magnetite. The main maxima of D.8. 2 and 6 are situated in 
a triclinic position near I c' and elongated in the girdle. A compariEon 
of the structure of the rocks and the diagrams indicates the orienta
tion process to have been similar to that in the central part of Simsi.ö , 
with the difference that the rotational strain in these has been stronger. 
1 n the neighbouring point Ü the same strain has caused the elonga
tion of the maximum. 

In D.S. 28 the position of the main maximum is ne ar to 'a' and 
in D.S. 31 it has been divided into three separate maxima, one situated 
near to 'a' and the two other near to I c'. One of these girdle figures , 
viz. D.8. 28 is representecl also in a position parallel to the schistosity 
(Pl. VIII) . The quartzite of this point is fine-grained and shows the 
recrystallization to have taken place only to a limited extent, as im
pure boundaries are still visible in the quartz grains. The orienta
tion is caused by shear in the direction of the main maximum which 
is situated near to 'a' , and the girdle is due to a rotational strain. 

The girdles of cliagrams 30, 33, and 35 consist of two 01' three 
main maxima. The rotation axis is in the plane of schistosity, the axial 
dip being about 45°. The main maxima are near to 'C/. In D.S. 30 
another strain is visible in the division of the main maxi.mum into 
a girdle parallel to the horizontal plane. This »crossed straim is evid
ently the same ,,,hich has been the main strain in the neighbouring 
point 31. 01', the maximum belongs to different shears , SI and S2' 

lf this is the explanation, we bave here three different shears, Sv 

S2' and S;\. SI corresponds to the shear SI of D. 4 a and S3 is caused 
by the dividing of the shear S2 into two separate shears. This way 
of explanation is applicable ifwe suppose that the main shear S2 

does not coincide with one of the two plaiting shears. In such cases 
Sander prefers to assume the existence of several shear surfaces and 
orientation according to the prism rule. In the quartzite of Simsiö 
traces of one or t"YO gliding directions are visible in the Böhm stria
hons 01' in the arrangement of the small quartz grains. The basal 
pinacoid and rhombohedral faces as well as prism fa ces bave acted 
as gliding surfaces. Schmidt has explained the formation of different 
orientation types by the orientation of the direction s of the closest 
packing parallel to the glide directions , which he supposes to be 
parallel to 'a' . This way of explanation seems to be applicable für 
instance in point 27 . A shear surface forming an angle of about 30° 

1!J01,- :l 8 (j 
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,\·ith the plane of schistosity is Yisible in a section perpendicular to 
'b'. The maximum in the 'bc'- zone is caused during this shearing 
movement by the orientation of the rhombohedral faces (llOI) par
allel to the shear surface, and the direction L 2110] has aetecL ai'l a 
glide direction. In those grains " 'hich the main maximum neal' to 
' b' comprises, prism faces have probably acteel as gJieling planes 'am1 
t l1e same elil'ec-tion l211O] as glide direc:tion. The rotational strain 
has cau 'ed the formation of the girdle and also tbe inclination of 
the mail1 maximum. Fig.13a, b(PI.VI) shows a strongly strainecl 
quartz grain. typica1 of the rock from this point. 

In J ä n i s m ä k i the qnartzite sho"'s an elongation along the 
general ve1'tical ' b'. but some mica whieh is present in thi::; rock in
clieates another 'b ' . perpenclicular to the former , anel the ol'ientatiOlI 
analysis of quart,.; ::;l1o\\'s a ""eil developeel gil'dle perpendicular to 
this horizontal 'b' (D .S. "tU). This girdle comprises two elongatel1 
sl1al'p Illaxima. one of them situated at 'c ' anel another at 'a'. In 
n.t;. 3D the same gird1e ü; represented but in an inclineel position , 
the lllaxima at 'a' anel 'c ' are divided into b\"o separate maxima. 
Olle of them being stronger than the other in both cases. Tracei'l of 
intenfiive shearfl are yji'lible in tbe irregulal'ly 1'uptu1'al strain shado,,'s 
auel in the 1'o\\"s of inclusions. The dip of ' b' in the field il:> ..Jo5 K . 
Allother diagram (J).t; . .J.J .) , made from the neighbouring small lens, 
shows maxima in t\\·o girdles. The elil'ection of 'b' deviateH from itH 
general direetioll also in the sma111ens west of Simsiö. D.N. 49 anel 
50 are from this cliHtrict. 

D.S. 50 sho\\"s a girdle perpenclicular to 'b'. the strike of \\'hich 
i8 here :N. 80 K anc! the dip GO° KN.E. The larger quartz grains 
are elongated in the direction of the 'b' -axis aud thcir orientatioll 
mainIy belongs to the 'ae;'-girdle, ,yhile part of the sm aller grain:; 
sl!O\\' a more seattered distribution in the diagram. 'fhe quartzite 
at point 4ü iH more eyen-grained than that at 50 . Petrofabl'ie anal
ysis shows the main maximum at 'c elongated nearly perpenclicular 
to 'b'. Jt has originaJly been formed by the main strain actillg around 
'b' as a rotati.on a. "iH. In addition , a rotation around 'c ' has caused 
so me occupatiol1 of the 'ab' zone in an asymmetl'ical pUi;ition accord
ing to the elongation of the l11ain maximum. Also in D.S. 50 occupa
tion is seen in the 'ab' -gir<lle allel in this ease it is due to the smaller 
quartz grains, as mentioned above. The alternative explanatiun 
in this instance may be that the orientation process of the 'ac'-girdle 
has not actecl on the s111a11er grains so eompletely as on the larger ones. 

P aas i n 111 ä k i: ßet\\"een the larger strained quart,.; grains 
there are clusters of smalter, un 'trained grains. \\'hieh sIlO,," a \\"cI1-
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defined urientation silnilar to that of the larger grains (D.S. 46 a 
an" +fi b). A simi lar tendenc.v towarcls recrystallization is common 
in t he grain bounclaries of metals \\"ben colcl-,,-orkecl (Andracle 1936, 
Rüger lD33). ~..\ dü,;turbing influence causes in the grain lattice the 
formation of a point frOl1l which the growing of a new crystal begins. 
111 recTYtitallization of this kind disturbance of the orientation 1S to 
IJP expected. As thc small grains . hO\I"e\-er. show an orientation 
tiilll iJar to that of the larger cr.vstab. the orientation process must 
han' ta ken place later thall 
the rec'rysta llizatioll 01' C011 -

telllporaneously \"ith it. 
Th e minor constituentti of 

t11i" rock are calcite, magne
tite . lJ iotite and apatite. 

_-\" a \\'hole , thc larger 
CjllHl"tZ grain s of t11is rock 
"hO\\·. undel' the microscope. 
tl'aee" of :,;trongly mechanical 
deformation wh ich e\-idently 
ha" tHken place lai er tllan 
the recrytitallization of these 
grain". Probably the bound
ürie" (lf t he quartz grains \yere 
gral111lated eiuring th1s defor
lllation process. Shear surfaces 
are Yisible in lines of inelu
tiion". 1'11c direction of these 
line" iti parüllel \\"ith the elonga-
tiun (lireetion of tbc quartz 
grain'i ancl eonsequently par

D 
Ovor!~/I~ "" LL:J 

(jron;/~ 

I I 
I, I 

I 

/ / 

Fig. 12. Tectoll ical position of the 8imsiö 
Hl'C'a. 

allel ,,·ith' lJ'. \d1ich here stand. yertieal. as usual in the Simsiö area. 1'his 
Cf uHrt zitc resembles t11e rock of locality n upon t11e Simsiö hill with 
its -:trongly titrained quartz grains. 1'he position of the quartzitic 
rock 2"i in the te('tonics giyes an explanation of this kind of deforma
t ioll. ~ituatec1 at thc point of a great distortion Ül the fold. there 
1lI11 ;.:t IJa ve been greater shearing movements than in other localities. 
\\' it11 their as)"mmetrically situated main maxima the diagrams of 
hoth these rocks sho\\- some resemblance to each other. 

The sketch map, fig. 12. shows the tectonical position of the Simsiö 
aJ"ea. The quartzite lenses are situated as »inclusions» in the central 
part of a migmatite fohl. 1'he tectonic axis 'b' stands vertically and 
the direction of strike form s S-lines, so that west of Simsiö the.v coincide 



with the direetion of the general Sveeofennidie strike, whieh i~ 

E.-W., but on the eastern side they are S.-N. arching to N.-E. The 
quartzite lens of the hill Simsiö seems to have assumed its shapc 
in this folding movement of the migmatites. In the Routhern part 
of the quartzite lens the strainecl shearing movements have been 
dominant , as appear hom the diagrams. whieh sho\\' girdle orienta
tions. In diagram 3 L the gird le is nearJy horizontal, indieating 
the 'b' -axis to be vertieal. Mainly the axis of t he girdles form:; an 
angle of about 45° \\'ith the ,' erbca! direetion. J n the central ami 
northern parts of t he Simsiö hill stress seems to be conneetecl \\·it h 
shear. The original position of the Simsiö lemi may 111:1\-e heen E.-\\". 
In the beginning of the migmatite folding the stress in the clireetioll 
of the original bedding has caused some folding in the quartzite. 
In the course of ·the folding the southern end of tbe Iens has turned 
to its present position and eausecl the girdle-orientation of the quartz. 
The orientation of the eentral and northern part aeeording to the Trencr 
a-rule is partly due to the folding movement ",hieh took plaee in thc 
beginning of the folding and eontinued during its eourse. allel parti." 
to the reerystallization lInder stress whieh has probably acted during 
the folding. '1'his foleling is no\\' seen in the smaller anel also partly 
in the larger folds jn the strike of the Simsiö quartzite. The position 
of the lens in the migmatite fold indicates the possibility of stres" 
having aeted from a westerly direetion. In the strue;ture of the ~iJU"iii 
guartzite the existence of t \\·o shear clireetions. SI aml S2' in illClillCcl 
positions to the direetion of thi~ stress, giyes eYidencc to the salllO 
effeet. The direction of the shearing Jllovel1lent of the fo lding pro
cess eoincides \\'ith another of these plaiting shears (Bander I (1:3u. 
p. 220) viz. \\'ith S2' whieh therefore has aetecl as the main shear. 

The maxima at 'c' sho\\' a tendency to elongate in the 'ac' -girclle. 
01' there are two 01' three maxima near to 'e' in tho same girdle. Thi::; 
girdle rnay be due to the folcling proeess, anel the forming of the mail1 
maxima near to 'e' to the stress as weH as to the shear S2' 

An alternative explanation of this type of quartz orienta
tion may be the foJlowing: The maximum at 'c' has been formecL 
before the folding movement uncler stress. ami its elongation in thc 
'ae'-girclle later on in conneetion with folcling. 

The guartz orientation of the smaller lenses arolll1cl the northcl'll 
part of Sill1siö indicate ' shearing rnovement to ha\Te taken plaee 
in them, hut the quartzite of the Simsiö hili has presenecl that orienta
hon ",hieh it received in the folding. Simsiö forms the central part 
of the migmatite fold , while the strike of the surrounding small lon::;o" 
coineides with that of the rnigmatites. This fact m<1.." be an explana-
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tion of the forming and preservation of the orientation of the Simsiö 
quartzite. 

The mode of the Simsiö tectonics with their vertical 'b' shows 
an app~'oximation to the »Schlingentektoni lo) described by Schmidegg 
(1936) from the Central Alps of the Tyrol. 

The orientation of the Simsiö quartzite can be compared with 
the orientation of a quartzite from Kurikkavaara, Kainuu district. 
Väyrynen (1024, p. 397 , 1928, p. 27) has described this rock and 
I\'ith a gyp 'um plate made the observation that the vertical axes 
of the quartz grains are »perpendicuI ar» to the schisto ·ity. I have 
made a petrofabric analysis from t his rock (D.Ka. J , PI. VIll). This dia
gram sho \\'s a well developed rhombic symmetry, representing 
lll<1xima in the 'ac'-zone near to 'c' and in 'bc'-zone nearer to 'b'. 

'YIegascopically this rock is a light-coloured and distinctly schis
tose quartzite of Jatulian type, being rich in sericite. Ser'icite occurs 
bet\\'een !arger and smaller quartzite pebbles \\'hich are plaited in 
thin sheets. In thin section the separate quartz grains of these 
plaited pebbles show a similar plaiting. J'ointing surfaces are visible 
as ro\\'s of inclusions passing through the whole section . The di
l'ection of th is jointing is marked by S in t he diagram. S I' S2 and S3 

shear surfaces are visible as rows of in clusions and in the arrange
ment and :shapes of the grains. Stress has evidently acted in the 
direction of ' c' and caused several shear surfaces. Prism planes of 
the quartz grains have acted as gliding planes. The orientation 
fignre on the 'ab' -p lane shows an elongation in the direction of ' b'. 

In the case of Simeiö one 01' two maxima near to c appeal' and 
the shearing l110vement 8 2 has aeted together\\'ith stress. The 
yector held in t he Kainuu quartzite is not so complicated as in the 
Nimsiö area. The great number of the shear surface' is apparent. 
hut probab ly the same stress perpendicular to 'c' has caused them all. 
In Simsiö stress and shearing movement have acted together in such 
direction' that they ha\-e caused on l,v one 01' two maxima. 

H entschel (1937) has cliscussed the formation of the boudinages 
ancl - in accordance \\'ith Wegmann and Coril1 - he regards them 
as having been formecl by t he plastic country rock having filled the 
elefts which are formed by tension in the more resistant layer!' of 
the rock. The OCCUlTence of the boudinages in t he Simsiö quartzite 
thus affol'cls evidence of the greater plasticity of the quartzite , as 
compared with diopside and rhodonite. A petrofabric analysis of 
the quartz from the cleft infilling is sho" 'n in D.S. la from point l 
on Map IH. The general dil'ections of 'a', 'b' and 'c' are mal'ked 
in the diagram. 'b' stands vertical. The 'ac'-girdle is weH developed 
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anel inelicates a rotation - causecl by a plastic floll" aroun cl ' I)'. 

The position of t ho main maximum coincicles \\"ith tlw direction of 
S2' Anothor maximum - \\'eaker occupied - li e,; :-;ymlll etrieally 
abollt 'c' and is evident 1"\' due to ). Thus thc orientation nt the:-ic 
points Hhows traceR fro m the p lastic flo\\" as \\"ell as frol11 the t ll"O 
gencral ' bears of t he Nimsiö area. 

Co n c l u si 0 11 s. Tho petrofahril' of the Nil11siö HfeCl i,.. ..JH\r
aeterized by t he fo llo,\"jng features: 

]. The quartz grain s han' not rotated H:-; a \\·hole. 
~ . 'tress has actod Ü1. an B. - \\ '. direction and has c-au:-ierl tll"O 

plaiting sheal's, SI ami S2' 

3. Hhear has actcrl in a ~.\V. - , '.E. direction. \\"hit·h is Uw di1"e(: 
tion of the other plaiting s hear, \·iz. S2 ' 

The consequenees of 1 and :2 are as follo\\'s: 
a) Tl'ener a-ru le appears in that part of Simsiö \\"hore thc "trO:-iS 

.. eoms to ha,ve boen the main component oE the vec-tor field: 
b) Böhm t-itriatlons appear ill the same Jla rt of t hc <1rea: 
emd of 3): 
the inclined positionH of the maxima at 'e'. 
Chiefly t he Trener ((-rule in the 'imsiö area is not callsed by the ,\!lid

ing parallel to the basal planes of t he qll<utz g rains. .-\n el"idenee 
of this is Yisible in -! a. \\"here the Röhm Htriation t-i are ,;tronge:-it anel 
in \\"hich the basal pinacoicl is <1 lTanged parallel to S2 alld not par
allel to the schi to~ity. I n accol'clance here l\"ith, the stre",,,, ollgh t to 
cause t\\'O maxima s,V l1lmetricall,v about 'c'. \\'ere the ba 'al pina<:oicb 
to arrange themselves parallel to the plaiting shea]'s SI and 8 2 - in 
the same ,my as if the prisl1l planes were to do so. Xo,,' , thii'. i,.: not 
the case in Simsiö. H ere the rhombohedral faces are parallel to "'1 

and S2 at those points , wh ere t he Trener ((-rule is most perfe<:tl,l' 
developed . At so me points S2 has been dominant and ha<; causeel 
orientatioll aocording to the prism rule (-! c, ,3) anel in one ca,.;e. -+ a . 
the basal pinacoid has acteel as gliding plane. The explallation of 
the occurren ce of the Trener a-l"ule is to he found from t he latter 
in tanco. The mechanics of the orientation in point -! a ha"e prohably 
been as follol\"s: The stress h as eauseel t \\"O maxim a near to 'e'" The 
main part of the quartz grains thus had a fayoured position hefOJ"e 
the shearing movement , having their basal planes a lmost perpen
dicular to the plane of S2' When S2 has begun to aet , it has caw;ed 
gliding parallel to the basal plane, as visible from the Röhm st l'ia
tions. P art of the grains had not their basal planes parallel to S2: 

in these cases Röhm striations appeal' in an inclined position ancl 
the breaking of the crystallatti ce i visible in the c-ataclastic strll et l1l'C. 
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These quartz grains have undergone an intragranular deformation 
process in which the complete orientation of the rock with the c-axis 
perpenwcular to S2 - a ne\\· 'ab '-plane -is caused . They have »turned 
thein) front parallel to s~. Uonsequently, the last orientation process, 
which causes the complete orientation according to the Trener a-]'ule. 
demands a sheal'ing movement in the favoured direction. Aceording 
to the above, the orientation c perpendicular to the schistosity 
could be causecL in two different ways: 1) By plaiting, and glicling 
parallel to the 'ab' -plane. 2) By plaiting, in ",hich case the rhomho
hedral faces act as gliding planes. 

Taking into consideration also the Kainuu quartzite, the relat ions 
between plaiting and Trener a-rule are as follows: 

1. Trener a-rule may have been caused by plaiting (a), but also 
by other means (b). 

:2 . Plaiting may cause orientation according to 'frener a-l'ule 
(a) , but it may cause also other types of orientation (b) . 

These two eases are characterized by the following features: 
ease 1. a. Two plaiting shears occur. Rhombohedral faces occur 

as gliding planes. Two series of Böhm striations parallel to the rhom
hohedl'al faces may be visible. 

b. One shear is dominant. Basal pinacoids are parallel to it and 
have aeted as gliding planes. Böhm striations appeal' parallel to the 
basal plane. 

Case 2. a. Similal' to 1. a. 
b. In the simplest case (t\yO plaiting sheal's). two maxima oecUl' 

symmetrically about 'c'. Prism planes 01' basal pinacoids may act 
as gliding planes. More complicated types of orientation may oecur 
in the presence of several shear surfaces . 

Sander (1915) has investigated the Trener a-l' ule in the old crys
talline rocks and the »Schieferhülle» of the Alps, in the granulites 
horn Saxony and in the »hälleflinte» from Sweden and has rliscussed 
a mechanical orientation rule in connection there\\'ith. 

Probahly t he type of prevailing deformation depends also upon 
the temperature, as the properties of the elasticity vary with the 
latter. (Sonder 1933, p. 482.) 

2 . VIT'I'1~Kl. 

The quartzite area of Vittinki (No. 2 on Map I) was described 
by Saksela (Saxen 1925). A geological map (fig. 13) shows the rocks 
of this district. Biotite-plagioclase-gneiss is of the common type 
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described by Mäkinen (1916) and has a weIl developed schistosity. 
Quartz, biotite, and plagioclase are the main components, but occa
sionally muscovite, sillimanite and microcline occur together with 
them. Graphite is found in small amounts near Suutarla. The occur
rence of minerals containing alumina has been discussed by Saksela 
in connection with the general problem of the origin of the gneisses. 

Cummingtonite-Ieptite is schistose and consists of qua.rtz, plagio
clase (An2o), cummingtonite, and biotite. Gamet and magnetite 
occur as minor components. 

Amphibolite appears as coarse-grained and medium-grained 
varieties. The main components are plagioclase (An50 ) and green 
hornblende. Biotite, ilmenite, gamet and a small amount of quartz 
are found as minor components. 

Two types of quartzite are common in Vittinki. The glassy variety 
prevaiJs and in places it resembles the Simsiö quartzite, for instance 
in the western part of the area, where only a fe,\ ' outCl'OPS were found. 
It is a coarse-grained variety, containing only occasionally scales 
of graphite; the colour is bluish. Iron-ores occur as local impregna
tions in it. In the central part of the area, near to the main road, 
the colour of the glassy type is more gray 01' dark and alternates 
with a schistose variety. Here the accumulations of iron and mangan
ese ores occur more abundantly, as shown on the map. The schistose 
variety contains graphite and mica, mainly muscovite, more rarely 
biotite. It is usually rusty, because it contains sulphidic iron ores. 

The petrology of the district has been described by Saksela. Iron
manganese ores are typical of this quartzite area and a great number 
of manganese-bearing minerals were found, viz. rhodonite , tepruoite, 
Imebelite, alabandite, rhodochrosite, spessartite, and vittinkite. 
Some iron-rich minerals, especially iron hypersthene, and grünerite, 
are characteristic of the Vittinki quartzite, and siderite is found in 
trifling quantities, but calcium-bearing minerals are very rare; only 
a little apatite and calcite were found. In this respect the chemical 
character of the Vittinki quartzite shows a marked difference to 
that of the Simsiö quartzites. A comparison of the rhodonites from 
Simsiö and Vittinki was presented in an earlier paper (Hietanen 
1936). 

Grünerite occurs as a light yellowish-brown and a dark brown 
variety. The yellowish-brown type is fine-grained. The refractive 
indices according to Saksela are ß):[ a = 1.695, yN a = ].67 8 and 
c:y = 16° An analysis made by Dr. Naima Sahlbom is quoted overleaf. 

1!)Ol ,- ;{ S 7 

---------------------- ---- ---- ---
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Table X. 

Grünerite, Vittinki. 

o 0 ~Iol. 

Si0 2 •.•...•.............. 

Al 20 3 •.•.••. . ..... ... .. . . 

Fe 20 3 .................. . 

FeO ..... ..... ..... . . ... . 
MnO ....... . ..... . .... . . 
MgO ................... . 
CaO ........... ... ...... . 

Na 20 ·········· ··· ······· 1 
K 20 ..................... ( 
Ti0 2 ••......•..... ..... . 

H 20 + .................. . 

51. 7 0 

0.00 

0.76 

31. 91 

0.00 

9.0 8 

4.62 

0.03 

0.00 

0.6 8 
----

99.77 

0. 8 5 8 9 

0.00-1 

0·-!4-!l1 
0.0127lo 
0.2252 ( .76H 

0.0 8 2 .. ) 

This grünerite is richer in magnesia than the gl'ünerite from 
Nurmo described below. 

The quantity of iron ores is considerably larger than in Simsiö. 
The ores occur mainly in the middle part of the area, where also a 
great number of old prospecting quarries are situated. 

The mode of the are occurrenee is similar to that in Simsiö. Both 
manganese minerals and iron ores have aceumulated, but in different 
loealities. Saksela distinguishes three types of ir on ores: 

Type I: Fine- and medium-gl'ained pyrite oceurs as narrow beds 
m fine-grained, sehistose quartzite. The most eastern occurrence 
of ores belongs to this type. 

Type II: Coarse-grained pyrite anel pyrrhotite occur as aecu
mulations in the glassy quartzite. The ore percentage is ineonsid
erable . This type prevails to the east and south-east of the farm 
Vanha Kievari. 

Type III: The ores, mainly pyrrhotite, enclose sm aller 01' larger 
pieees of quart7.ite (breccia strueture). This type is found nearest 
to Vanha Kieval'i anel is the riehest of the ore aeeumulations. 

Among the manganese minerals rhodonite occurs most abund
antly as lenses and beds in the quartzite , and usually together with 
magnetite. Both ores are , however , sharply distinguished from eaeh 
other. The accessory minerals of the Vittinki quartzite also eontain 
iron oxide 01' manganese, but not together. Knebe1ite is the on1y 
exeeption , consisting of the iron-manganese silicate, but it is very 
rare in Vittinki. In this respect \\"e see again a difference between 
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Simsiö and Vittinki. In Simsiö the iron oxides and manganese are 
generally present as components of the same minerals, viz. , of the 
rhodonites and pyroxmangites. 

The origin of the iron-manganese ores is explained by Saksela in 
t he same manner as the origin of the ores in Macskamezö ancl India 
(see p. 29). 

The rock at point 5 (fig. 26) is fine-grained and distinctly schist
ose, containing abundant ore grains and some grünerite, the orienta
tion of which indicates the dip of 'b' in the 'ab'-plane to be 40° E. 
The strike of 'ab' is N. 85° W. and the dip vertical. D.V. 5 (PI. 
IX) shows a petrofabric analysis of t his rock. The main maximum 
is situated at 'a' and it is elongated in the 'ac'-girdle . Weak maxima 
occur at 'c' and in the locus of Sander's maximum III and IV. 
The girdle in the 'ac' -zone is perpendicular to the plane of schistosity 
and it has the tectonic axis 'B' as rotation axis 'b'. Schmidt 
(1925) has described this type of orientation in the »Mugl gneiss» of 
the Austrian A lps. H e has explained the main maximum at 'a' to 
be formed by gliding parallel to 'a'. The prism planes have acted as 
translation surfaces in the quartz lattices and LOOOIJ as a gliding 
direction. 

The elongation of the main maximum as well as the distribution 
of the poles in the 'ac' -girdle are due to a rotational strain (Sander 
1930, Fairbairn 1937). The maximum at 'a' i · the locus of maximum 
shear strain and the rotational strain causes the scattering of the 
poles . 

This diagram shows that there is a tendency to form an inclined 
girdle in the zone of maxima I and IV. In the folloving diagrams this 
girdle is a lso represented and shows an improved development. 

D .V. I . shows a petrofabric analysis of the quartzite from point 
1 in fig. I. The quartzite is here dark gray and medium-grained. 
Some quartz grains show a weH elongated shape in the sedions per
pendicular to the p lane of schistosity. The strain shadows of these 
are mainly perpendicu lar to the schistosity, indicating that they 
belong to the maxima in the 'ac'-girdle. Instead of maximum I , 
the maxima II are represented, one of them being the main maxi
mum. This division of maximum I into two separate maxima may 
be supposed to be due to the same rotational strain ·which as we see has 
caused the elongation of maximum I in D.V. 5. The maximum ne ar 
' c' is lightly occupied and elongated in the 'be' -girdle. This girdle 
indicates the action of a crossed strain which has caused rotation 
around 'a'. The maximum at 'c' may bc due to a plastic deforma
tion, as in the case of Simsiö (D.S. -! a). The Böhm striations are 
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visible in this quartzite mainly in the larger grains anel they appeal' 
parallel to the basal plane anel also in the inclined positions. In 
several grains two series of them are found. The angle between 
them corresponds to the angle bet\\'een the rhomboheclral faces (lOJ L) 
and (1101), which consequently haye acted as gliding planes cluring 
the deformation. 

Several gliding planes are visible in the extel'l1al strLlcture of the 
quartz grain<;. According to the dil'ections of these planes and of the 
Böhm striations the mechanics of the orientation in the guartzite 
V. 1 are as follows. Part of the grains have been oricntated with 
their prism p lanes parallel to the shear surfaces. but another part 
sho\\' a tendency to orientate their basal planes 01' rhom bohedral 
faces parallel to these planes ; and just in these grains the Böhm stl'ia
tions appear. They belong mainly to the larger grains. Consequently 
in this case both types of deformation have been in action. Glirung 
along the prism planes as \\'ell as the gliding parallel to the basal 
pinacoid is establishecl by the shear surfaces and the Böhm stria
tions. The friction of the larger grains in intergranular rotation has 
evidently been greater than that of t he smaller onm; and thererore 
they have undergone intragranulal' deformation. In some grains a 
deformation Iike that desel'ibed in the quartzite of ~elkie , Kontio
laht.i (p. 34) , is visible. The angle between maxima II in the diagram 
\ T. l is about 50°, \l'hieh eorresponds to the angle (0001) /\ (10 11 ) = 
51°,1,7 1

6'. Aceording to this, those grains the poles of ",hich are 
com prised in maximum II may have their (1011 )-faees parallel to 
the sheal' surface whieh passes another of the maxima in II. 

Thus the same shear whi0h has formed Olle of maxima II might 
have caused the Böhm striations in the grains belonging to another 
maximum II. The Böhm striations appeal' mainly in those grains 
of whieh the poles are com prised in the maximum at ' c' . In these 
grains Böhm striations appeal' parallel to the rhombohedra l erystal 
faces, as weIl as parallel to the basal planes. 

D.V. 2. The qual'tzite is medium-grained and mainly eyen-gJ'ained. 
The colour is light gray. Magnetite ami some grünerite occur as 
accessories. 'b' is not visible. The result of a petrofabric analysis 
shows two girdles. The diagrams of neighbouring points permit the 
determination of these girdlcs as 'ac' - and 'bc' -girdles . The main 
maximum is probably maximum I, and the maxima in the 
'bc' -zone are maxima III, which are represented also in D.V. 1. 

D.V.3. Weil developed shear surfaces intersecting along 'b', 
which is also megascopically visible, are characteristic of the quartz
ite from point 3. The grains show an elongation parallel to 'b'. No 
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Böhm striations appeal' in this rock. Maxima near to 'a' and the 
'bc'-zone are represented. The minima ofaxes appeal' at 'c', divid
ing the 'ac'-girdle into two separate parts. An inclined girdle compris
ing I and I II is also occupied. The shear surfaces visible in a sec
tion under the microscope aremarkedinthediagram. The'ab'-plane 
is the best developed of these and is visible also megascopica!ly The 
strong maxima in III are apparently formed so that the (lOll)-faces 
have been orientated parallel to this shear surface and thc glide di
rection [2110J has been parallel to 'a'. The distribution of maxima 
n is due to shears S2 and S3' 

D .V. 4. The quartzite from point 4 is light-coloured and fine
grained. Magnetite occurs as an accessory. The diagram shows 
one strong girdle and some maxima in an inclined girdle of the zone 
comprising land III. The maximum at 'a' has been divided into 
foul' separate maxima, two of which are the main maxima in the 
diagram. The forming of the girdle and the dividing of the maxima 
can be explained in the same manner as before. In this case we have 
only an inclined position of the girdles according to the 'b'-axis. This 
inclination may be caused by the crossed strain which has been in 
action also at other points, as seen in the common occurrence of 
maxima in the 'be' -girdle. Another explanation is that the maxima 
form two small girdles with 'b' as rotation axis. The formation of 
the maxima IV and III is the same as before, and the rotation a.round 
'b' has caused two small girdles. 

In a11 diagrams the gliding parallel to 'a' appears to be the most 
characteristic mode of deformation . This direction in the Vittinki 
quartzite area lies in a vertical plane, the directioll of which is E.-'Y. 
The dip of 'a' in this plane varies from 20° to 55° W. This direction 
has consequently acted as the main direction of djfferential 
movements. 

3. NURl\fO. 

The quartzite area of Nurmo is marked as number 3 on Map 1. 
Fig. H shows a sketch map of this district. The strike is mostly 
~. 25°_45° W. but arches in the S. E. and N. 'V. parts of the lens 
to N. 70- 80° W. The folding axis stands yertical, but occasionally 
deviates from this direction. The phyllites are fine-grained, well
foliated types, and, in contrast to the Simsiö area, they are not rusty. 
Their colou!' is light gray and they occur, besides on both sides of 
the quartzite , as a continuation to that part of the quartzite which 
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is fine-grained and has a weIl developed schistosity. The amphibolites 
are megascopically quite normal. The medium-grained type prevails. 
Hornblende occurs as needles and is orientated along the schistosity. 
A very coarse-grained variety, however, is found in some outcrops. 
The grain-Eize averages from 5 to 15 mm. A great amount of rust 
indicates a content of sulphidic iron ores. These rocks are situated 
in tbe same zone as the ore-bearing quart,,;ite to the R. E. of this 
place. 

" " '===========ll 1 km 

\ \ 
\ \ 

\ \ 

""'"' ...., " ....., "" '"' '"' --"'''''''''''--I 
~==~-------~===---------------------~--~ "" 
1---1' Quarl7ite § Phyllite ~ Amphibolite I--J Migmatite 

}'jg. 14. Thc qUilrtzitp fll'Pfl of :\lIl'1no. 

Three types of quartzite are found bere: 1. Tbe uorth-eai:ltern 
part of the area, point 5, comists of a very coarse-grained, glassy 
variety, wh ich resembles the Simsiö quartzite in its bright blue col
our . This type consists of alm ost pure quartz, and only a little gra
phite and a few pyrite grains were found in it. ;2, The quartzite on 
the south-western side, point 3, is fine 01' medium-grained and is imp
regnated with ores. The quartz of tbis t:vpe has a \\'ell developed lattice 
orientation as described later. Grünerite appears as a minor compon
ent in this rock. 3. In the southern part of the area, point I , the 
glassy variety grades over into a more fine-grained, light-coloured 
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variety, showing under the microscope a clastic stl'ucture, the ce
ment between the rounded quartz grains consisting of long needles 
of grünel'ite (fig. 15). This part of the quartzite lens evidently shows 
a lower degree of metamorphism than the other quartzite areas in 
Southern Ostrobothnia. From the advanced metamorphie differen
tiation which resulted in the accumulation of the diopside and the 
manganese minerals it may be suggested that the metamorphism in 
the quartzites of Simsiö and Yittinki has taken place at fairly high 
temperatures. The grünerite quartzite of Nurmo is in this respect 

Fig. 1.5. GriinC'ritC'-quartzitE' of Xurmo. 
l\Iagn. 9 diam. 

one degree lower metamorphic, as the crystals of grünerite are here 
scattered between the quartz-grains and probably lie in the positions 
where they originatecl at the expense of the primary cement. A 
petrofabric analysis made from this rock shows that the 
qnartz is quite un-orientatecl, but the grünerite, which occurs very 
abundantly in this rock, shows a fairly perfect orientation, with its 
axis c along the tectonical axis 'b' and (100) parallel to the schistosity. 

In the western part of the area the quartzite is medium-grained and 
light coloured as at places in the Simsiö area. Ore minerals, mag
netite and pyrrhotite, occur abunclantly in a narrO\y zone in the most 
western part of the quartzite lens. 

As mentionecl, the medium-grained, almost glassy variety (2) of 
point 3 shows an optic orientation. A result of petrofabric anal-
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ysis is sho\\'n in D.~. 3 (PI. I X). A weH developed girdle consists 
of foul' separate maxima and is situated in an inclined position . The 
minimum ofaxes at 'c' divides the gil'dle into two separate parts. 
The comparison of this diagram with D.L. 30 indicates a similar 
deformation. Axis 'b' . of that rotation which has caused the forma
tion of the girdle, deviates ab out 30° from 'b'. The elongation and 
dividing of the maxima near to 'c' are probably due to a rotation 
around 'b'. 

In a petl'ological l'espect the grünerite is the most interesting 
mineral of the Nurmo quartzite. being a lm ost the only accessol'Y 
constituent. Its colour is yellowish-brown. In the separation by 
means of Clerici solution its specific gravity was 3.±52- 3.Hl. The 
refractive index y measured by immersion is 1.702, y- a was measured 
by mean of Berek compensator and it shows a value y- a = 0.030. 

The optic axial angle is measured in thin section by mean of the 
Universal stage as follows + 2 V = 95°. y /\ c = 15°. Accorcling to 
these detel'minations the l'efractive indices are a = 1.67 8. ß = 1.6 1:) 4, 

Y = 1.70 8 . 

An analysis of this mineral made by Miss Elsa Atahlberg is as 
follows: 

Table XI. 

Grünerite, Nurmo. 

Si0 2 •.....•••.• . .......•. 

Ti0 2 • ·· ··••••···•·•·•··· . 

A1 20 3 . .......... . . . ..••• • 

Fe 20 3 ••••.. . .••••••• .• •• 

FeO . . ........... . .... . . . 
MnO . . . . . . ..... . ....... . 
MgO ......... . ........ . . . 
CaO ............ . ....... . 
Na 20 .................. . . 
K 20 ..... . .............. . 
H 20 + .................. . 
H 20 - . . . .... . ... . ..... . . 
F ............ . ........ .. 

% 
48. 96 

0 . 00 

0.00 

2.92 

38.16 
0 . 12 

5.53 

1. 68 

0.13 

0.02 

2.42 

0.0 8 

0.00 

100.02 

Mol. 

0. 8 119 

0.01 8 3 

0. 5311 1 
0.00] 71 
0.1372 f 
0.0300 

0.0021 

0.0002 

0.1343 

0.7000 

The amount of calcium is sm aller than in the Vittinki grünerite 
and indicates that the Nurmo mineral is a very pure member of the 
grünerite-cummingtonite series. The ratio [FeO J: [MgOl is 4.2 accord-
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ing to the refractive indices and the diagram of Winchell. The same 
ratio from the analysis is 4.1 8, when MnO and Fe 20 3 as FeO have 
been added to FeO. 

The precise ratio is seen from the mol. per cent: (Table XII.) 

'fable XII. 

Ratio [FeOJ:[MgO] and refractive index y in the grünerites of Nurmo 
anel Vittinki. 

~urmo Yittinki 
FeSi0 3 ... . 80.70 mol. o. ß7.2 mol. 0 / ... . . / 0 , 0 

MgSiO a .. . .. . 19.30 » )i 32. 8 » » 

y ... . . . . . . . .. . . .. 1. 70 8 » » 1. 6Ü5 » » 

The cOl'responding amounts in mol. per cent in the grünerite 
of Vittinki according to Saksela are shown in the same table. 

Thus the grünerite of Nurmo is richer in iron than the grünerites 
of Simsiö and Vittinki. The amounts of other accessOl"Y components 
are negligible. The quartzite of Nurmo may be regarded as a pure 
grünerite quartzite and as the variety richest in iron silicates 
among the quartzites of Ostrobothnia. 

An analysis made by Miss Elsa Stahlberg sho\\"s the fol lo\\·ing COl1l
position: 

Table XIII. 

Quartzite, Nurmo. 
0 1 
10 

Si0 2 ••• . •• . . 88.60 

Al 20 3 •..•.•. 0.2 5 

Fe 20 3 • • • • • • • 0.92 

FeO .. ...... 7.92 

MnO ........ 0.04 

MgO .... . . . . 1.2 5 

CaO ....... . 0.72 

Na 20 ....... 0.13 

K 20 ... . .... 0.04 

Ti0 2 • • • • • . • • 0.01 

P205 . . .. .... 0 .00 

H 20 + 0. 54 

H 20 - ...... 0.14 
----

100.55 

Quartz 
Grünerite 

Mode 0' 
; 0 

77. 5 
22.6 

100.1 

The common occurrence of grünerite in the quartzites of South 
Ostrobothnia indicates them to have been deposited and recrystal-

1901 ,-38 8 



58 Bulletin cle la Commis~ion geologique cle Finlalluc i'\: 0 1~~. 

lized under similar conditions. The similarity between these is still 
more aeeentuated by the eireumstanee that no grünerite has been 
met with in any other quartzite area in Finlanel. The distinetion 
between the iron-bearing silicates of the Ostrobothnian quartzites 
also seems to be indicated by the same mineral. The quartzite of 
Nurmo eontains only grünerite, anel this mineral i here riehest in 
iron. In Simsiö the grünerite oeeurs in small amounts and always 
in conneetion with iron-rieh pyroxmangites. The Simsiö grünerite 
ha ' not been analyzeel, but its oeeurrenee together with manganese
bearing minerals gives so me hints of a eontent of mangane e. In 
Vittinki the quartzite is rieh in iron oxides, but generally these have 
not reaeteel with siliea, and also in the grünerite from Vittinki the 
eontent of iron is lower than in the grünerites of X urmo anel Simsiö. 

4. ORISMALA. 

To the north-west from Vittinki, about three km south of Oris
mala, we meet with a small quartzite area (No. 4 on Map I) . The 
quartzite oeeurs here as a narrow long lens between zones of amphi
bolite. The amphibolite is a medium-grained, foliated variety and 
it is surrouneled by migmatites. 

The quartzite is granoblastie and medium-grained of a gray 
eolour. It contains narrow beds and grains of iron-rieh amphibole 
anel diopside and a sm alter amount of graphite. Amphibole oeeurs 
very abundantly as long needles parallel to the sehistosity. 

Both minerals, amphibole and eliopside, have been separated and 
analyzeel by MI'. J . J. Carlberg. They show the following eomposi
tions: 

Table XIV. 

Iron-rieh amphibole, Orismala. 
0 Mol. . 0 

SiO z ..... . .............. . 55 .H 0.919.J. 

A1 20 3 ... .. ......... . .... . 0.10 0.001 0 

Fe 20 3 ••• • • . • ....• ••.••.. 0. 9 6 0.0060 

FeO .............. . ..... . 23.6,[ 0. 51' 631 
MnO ........ . ..... . .... . 
MgO ........ . ......... .. . 

0.21 0.0 0 30 l 0 
.96 56 

8.36 0.2073 ( 

CaO .................... . 9.4 8 0.1690) 

Na 20 ... . ..... . .... .. ... . 0.6 5 0.010 5 

K 20 .................... . 0.01 0.0001 

H 20 , .................. . 0. 88 0.0,[ 9 

H 20 - .................. . 0.02 
-----

99.7 5 
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This amphibolite is rich in iron showing an approximation to the 
grünerite of Vittinki. The amount of calcium. however, is st:illiarger, 
indicating a member between the grünerite and ferrotremolite series. 
Its mineralogy and occurrence together with diopside will be dis
cussed by Mr. J . J. Carlberg in a forth coming paper. 

Table XY. 

Diopside, ürismala. 

Siü 2 •..• •.•.•. . . .. .• . .•.. 

A1 2ü 3 ....... . .. . . ....... . 

Fe 2Ü 3 .•............. . •. . 

l i'eÜ . . . . ................ . 
Mnü ...... ..... . . . ..... . 
Mgü ..... ... . . ... ....... . 
CaÜ . .... ....... . ....... . 
Xa 2ü .... ... .. .... ...... . 
K 2ü ............. . . ..... . 
H 2ü+ .... . .. . .......... . 
H 2ü - ..... ......... . ... . 

% Mol. 
50. 8 ß 

0. 00 

1. 7 5 

16. 0J. 
0.1 8 

8.34 

22.3 2 

0 .00 

0.0 0 

0.31 

0. 02 

99. 82 

0. 8 -13 5 

0 .0110 

0. 22321 
0.0025lo 
O ( 

. 8 305 
.20ß\) 

0.3\)79 ) 

_-\.n analysis of t he quartzite by Miss EIsa Stählberg indicates 
the Orismala quartzite to have the following composition: 

Table XVI. 
Quartzite, ürismala, 

Siü 2 .•......• . 

Al 2Ü 3 ... ..... . 

Fe 2ü 3 ••••••••• 

Feü ......... . 
Mnü ..... .... . 
Mgü ...... ... . 
CaÜ . . . ... . .. . 

o 
o 

84.72 

0.-±3 
0.-18 

5. 15 

0.05 

2.0"* 

4 . "*5 

Na2ü ......... 0.17 

K 2ü ........ .. 0.0"* 

Tiü 2 . . . . . . . . .. < 0.01 

P2Ü1 . . ....... . 0.00 

H 2ü+ ........ 1. 4-1 
H 2ü - .... . ... 0.12 

C . . . . . .. .. . . .. 0.6 0 
----

99. 69 

Mode o 
/ 0 

Quartz . . . . . . . .. 71. 5 
Amphibole .... . 14.1 
Diopside . . ..... 13. 5 
Graphite .. ..... O.ß 

----
99.7 
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This quartzite contains besides iron and magnesium also a C011-

siderable amount of calcium, which mainly exists as a component of 
diopside. The mineral composition indicates the Orismala quartzite 
as representing a variety between the diopside quart.zite of Simsiö 
and the gränerite quartzite of Nurmo. 

Graphite appears as large scales parallel to the chistosity. as 
was the case also in the Simsiö-quartzite. Thismode of oc'clll'rence 
seems to be characteristic of the quartzites of Ostrobothnia anel 
indicates a great degree of recrystallization. 

The strike of the quartzite is E.-W. anel the dip 80° S. The cli
rection of the linear structure is 60° E. One petrofabric analy.·is 
made of this quartzite area is D. O. Ion Pl. IX. It shows a one-girelle 
figure which is general in the narrow lenses of quartzites in Ostro
bothnia. The position of this girclle is almo .. t horizontal. The main 
maximum lies asymmetrically near to 'a'. A light occupation vf 
another girdle , which stands vertically, may belong to an earJier 
deformation. The axis of this girdle lies horizontally almost parallel 
to the present main maximum. An alternati\-e explanation to the 
formation of the vertical girelle is thc action of a crossed strain . 

5. LAIHIA. 

In the parish of Laihia (No. 5 on Map I) Professor Laita1<al'i ha .. 
found a sma11 quartzite occurrence. As is usual in South Ostroboth 
nia, the quartzite is here surrounded by amphibolites. Fig. 16 shO\n; 
a sketch map of this disttict. The amphibolites are fine-grained. welt 
foliated and join with migmatites. At the southeJ'l1 part a biotite
granite appeal" in the amphibolite as narro\\' bands parallel to thc 
schistosity. The quartzite of the larger lens sho\\'s a close approxima-

_ LAIHIA 

,,==========,·1 km 1....::-d Quartzite ~ Amphibolite I~ Migmatite 

Fig. 16. Thc quartzitE' at'ca!> of Laihia. 
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tion to the glassy type of the Simsiö quartzite. It is coarse-grained, 
consisting of a nearly pure quartz-rock, which contains only a few 
graphite scales. The colour is bluish or pale. An ore accumulation 
is situated on the western side of the main road (point 2) . The rock of the 
smaller lens, point 1, consists of a medium-grained, foliated quartzite 
,yhich contains a small amount of grünerite, magnetite, apatite and 
graphite, a11 arranged parallel to the schistosity. An analysis of this 
quartzite made by Miss EIsa Stahlberg shows the following result: 

Table XVII. 

Quartzite, Laihia. 

Si0 2 • •........ 

A1 20 3 •.. • ..... 

Fe20 3 ........• 

FeO ...... .. . . 
lVInO ...... . . . . 
MgO 
CaO 
Na 20 .... . . . . . 
K 20 ...... ... . 

% 
83.00 

0.00 
9 . 96 

5. 83 
0.0 0 
0.11 

0.12 

0.09 
0.13 

Ti0 2 . • . . . • . . . • 0.0 3 

P 20 5 ..••• . .•.. 0.00 

H 20 + ........ 0.12 

H 20- ........ 0.0 0 
----

100.3 . 

Mode 

Quartz ..... . . . 
Magnetite .. . ... . 
Grünerite ...... . 

0 1 
/ 0 

82.1 
15.3 

3.0 

100.4 

Another accumulation of magnetite and pyrrhotite occurs in th is 
part of the area. The type resembles the fine-grained glassy quartzite 
of Vittinki with its gray colour; small magnetite grains are abundantly 
present in places . The strike is N. 60° W. and the dip 60° S. S. W. 
The plane of 'ab' ·tands vertical. 

Part of the quartz grains are weH flattened and have the shape 
of narro\\' sheets arranged in long lines 01' rows, like the quartz of 
many granulites of Finnish Lapland . The quartz grains of these 
lines show an orientation according to the same rule as the smalleI' 
quartz grains. D. L. 2 (Pl. IX) shows the result of a petrofabric ana
lysis made from this rock. Two maxima II and one of maxima IV 
are represented in this diagram. There are two alternative ways of 
looking for an explanation of same. In this respect we can follow the 
ideas of Sander 01' Schmidt. An explanation of the formation of 
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maxima II according to §cE-midt is ~ follows; 'ab' is a gliding plane 
and the crystal faces (2112) 01' (1122) alTange themselves parallel 
to it. The existence of one maximum IV inelicates that its formation 
belongs to another shear. The inclineel girelle, in which this maximum 
is situateel, inelicates another axis 'bI" This clirection i seen in the 
seetion parallel to the 'ab'-plane as a elirection in which some quartz
grains show an elongation. This 'bI' is probably the axis of an earlier 
rotation and the shear parallel to the 'ab' -plane has taken place 
later. This shear has favoured the preservation of maximum IV 
in the earlier girdle, as the planes (1011) of the crystals, of the poles 
of wh ich this maximum is compriseel, have been parallel to tbe 'ab'
plane. 

Saneler favours the ielea of the prism surfaces as glieling planes 
anel several shear surfaces. Accoreling to his point of view three 
main shears caused the three maxima, each of them demancling a 
shear sUl'face. The positions of the maxima eletermine the glieling 
directions in these planes. The formation of the inclined girelle in 
any case elemands another 'bI" anel a rotc"ttion arouncl it as weH as 
a rotation around 'b'. 

This moele of the orientation can be compared to that »B ob
liqueB'»tectonics "düch Ingerson (1936) has describeel in a muscovite
biotite schist from Nieelerthal, Tyrol. 

The extern al structure of the quartz grains sho"-s traces of shear 
surfaces, SI' S2 anel S3 (D.L. J). of wh ich SI is most clearly visible in 
the arrangement of some small quartz grains. But also the plane 
'ab' might have been a glieling plane as weIl as SI and S2' The form
ation of the maxima II may therefore be due to a glieling along 
'ab' anel orientation of the rhomboheelral crystal faces parallel to 
this plane, 01' to the shears "1 anel S2' One can also assume that both 
orientation rules have been in action. The well-eleveloped shear 
surface S3 gives evielence that the glieling along prism surfaces has 
been elominant eluring the formation of maximum IV. 

The quartzite areas of South Ostrobothnia occUJ' in the same 
west-easterly zone anel are sllrrounded by amphibolites. They re
present the olelest rocks in the Svecofennielic mountain chain of 
Ostrobothnia. The traces from two foleling series are visible in the 
petrofabrics of several quartzite areas, as for instance in the Oris
mala quartzite, where the dominant orientation, probably belonging 
to the later foleling process, is a horizontal girelle but traces from the 
former vertical girelle are clearly visible. The »B oblique B'» tec
tonics of Laihia anel Vittinki q uartzites give evielence of the same 
fact. The Simsiö quartzite has got its orientation mainly in 
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this later folding. The folding around the vertical B has been more 
intensive here than in other parts of this zone , in which the quartzite 
areas are situated. 

KÄLVIÄ 

'-_______ -', 1 km 

1-:1 Migmatite 1---1 Quartzite 

Fig. 17. The Käh-iä quartzite a rea. Contours anel surrolUlclings accorcling to Saksela. 
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6. KÄLVIÄ, CENTRAL OSTROBOTHNIA. 

The quartzite area in Kälviä (No. 6 on Map I) comprises one larger 
outcrop Hopiavuori and scveral sm aller outcrops around it , as seen 
from the strike marks in fig. 17. The quartzite found in this 
district in Central Ostrobothnia differs in many re 'pects from the 
quartzite lenses in South Ostrobothnia. Amphibolites and phyllites. 
",hich are general in connection with the quartzites in South Ostro
bothnia, are not found in Kälviä . The quartzi.te rocks are bounded 
by migmatites on every side of the area. TIle schistosity is here 
nearly horizontal, 01' the dip is from 10° to 25° N. or N. VV. 

The geological position of this quartzite area with its almost 
horizontal schistosity and introducedgranite massesshows a resemblance 
to the Gaustafjell region, Nonmy, described by \Vyckoff (Hl34). 

The urrounding migmatites are of the general clIamcter described 
by Mäkinen (11)16) and Saksela (1932, 1933). Saksela (1932) has 
also discussed the tectonics of this district. 

The quartzite is fine-grained and light-coJourecl and looks me
gascopically clastic. Under the microscope, however. it shows a 
granoblastic structure. The strain shadows in quartz grains are very 
\\"eak 01' absent. 

The low temperature metamorphism is apparent from the min
eral composition. Among the acce sory components clinozoisite is 
mo t characteri, tic. Occasionally it occurs very abunclantly and lies 
between the quartz grains. The refractive indices were measured 
by immersion as follows: a (min.) = 1.670: ß = 1.67-1c- 1.6 t:d: y (max.) 
= 1.691; y-(( about 0.013 and 2 V = 31°-5.')°. An analysis made by 
Miss EIsa Stählberg shows the following composition: 

Si0 2 .•..... . 

Ti0 2 ....... . 

A1 20 3 •••.... 

Fe 20 3 •...... 

FeO ..... .. . 
MgO ....... . 
CaO . ...... . 
H 20 + 
H 20- ..... . 

Table XVIII. 

Clinozoisite, Hopiavuori, Kälviä. 

<}o Mol. 
40.36 

0.09 
30.67 

0.61 
1. 7 7 
0.74 

22.62 
3.50 
0.00 

0.6693 
0.0011 
0.3000 
0.003 8 
0.0246 
0.01 8-1 
0.±32 8 

Zoizite . , ..... . 
Pistacite ...... . 

100.36 
Spec. gravity 3.230-3.215 

91.3 mol. ~/O 
8.7 ) ) 
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The clinozoisite-bearing variety of quartzite from K älviä has 
been analyzed by Miss EIsa Stahlberg and shows the following com
position: 

Table XIX. 

Clinozoisite-quartzite, Hopiavuori, Kälviä. 

:11 ode 

~i02 . . . ... . .... . .. . . 68. 84 
-.\.1203 ............... 13.2 8 

Fe 20 3 • . . . . . . . • . . . • . • 1.33 Quartz .......... .. ... . 
F'eO .... . ........... 1. 19 Plagioclase (An34 ) 

.vlnO. . . . . . . . . . . . . . . . 0.2 5 Microcline . .. .. ....... . 
:\fgO .... .. . . .. . . . . . . 0.5\J Clinozoisite (Pi9 ) . .• . . . . 

CaO . .. ............. 4 .79 Chlorite .. . ........... . 
~a20 ........... . .. . 1.99 Sphene .... .. ........ . . 
K 20 .......... ... ... 1.2 8 Magnetite .......... . . . . 
Ti0 2 • . . . . . • • . • . . • • . • 0.45 Pyrrhotite ............ . 
FeS. . . . . . . . . . . . . . . . . 2.61 Pyrite .. . . . ....... . ... . 
FeS 2 •• •••• • • • • . .•••• 2.55 Water . .. . ...... . .. . .. . 
MoS . . ............ . . 0.01 

CuS ....... ...... .. . . 0.02 

H 20 + .......... . ... 1.24 

H 20 - .. . .. . . . ...... 0 . 24 
-----

100.6 5 

o 
, 0 

42 .6 
22.6 

7.6 
14.7 
4.6 
1.1 

1.5 
2.6 
2.5 

0.6 

100.5 

Another mineral rich in alumina is plagioclase (34 % An), which 
appears as grains together with quartz and occasionally gives an 
arkosic character to the rock. Microcline has partly altered into 
sericite. 

Biotite is a general minor component. In the north-eastern part 
of Hopiavuori (point 1) it occurs very abundantly in the arkosic 
quartzite. It is orientated parallel to the schistosity, so that the rock 
here appears to be gneissose. The amount of biotite decreases grad
ually in the south-westerly direction and the rock passes over into 
a light-coloured, blastopsammitic sandstone-like variety which prevails 
in the whole area. The biotite occurring in this variety is light
coloured. The colour indicates a high content of magnesia in the 
chemical composition. Muscovite is a general component but appears 
only in small amounts. 

Ore minerals are found as accumulations in the middle part of 
the area, point 2, especially in the southern part of Hopiavuori and 
near Pietilä farm. Pyrrhotite is most common, but the accumula-

[!J01,- 38 
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tions in which prospecting has been carried on have proved yel'Y 
pOOl' also in this ore. Pyrite occurs as grains and as well-developed 
crystals whieh show mainly octahedral and eubic crystal forms. 

The only similal'ity between the Kälviä quartzite and the quartz
ites of South Ostrobothnia is the oecurrence of ore minerals in same. 

Titanite and rutile are found in small amounts. No petrofabri<: 
orientation of quartz can be found in the quartzite of Kälviä by means 
of a gypsum plate. This area is interesting in respect of the problem 
of granitization. 

The granitewhieh has penetrated the wh oie quartzite area is of 
a coarse-gl'ained, pegmatitie type, containing muscovite and oce<l

Fig, 18, Granitc IDUi:>i:>C;; anel " ein,; 
in the quartzite of Kälviä, About 

11.00 of nat, flizc , 

sionally long prisms of tourmaline. 
The granite ean be seen eitheJ' 
as smaller and larger masses in 
quartzite, 01' it may have penetratecl 
between the schists. 'fhe contad 
between the granite and quartzite 
may be gradual or sharp. The 
sehistosity has usua lly its original 
direction near to the contaet or 
shows a weak eurving, as seen i 11 

Hg. 18. The schist planes of thc 
quartzite show a downward eur"c 
in the contact zone. In another 
plaee, where the granite also 

occurs as a band in the quartzite, they show an upward eurvc. 
In both eases the quartzite has preserved its original nearly clastic 

'trueture near the eontact zone, being sandstone-li and containing 
its original feldspar as grains between the quartz grains . In man~' 
places the granite 'eems to occur as small lenses in the quartzite. 
but really it is lying as bands parallel to the horizontal sehistosity. 
Erosion has brought it to the surface of the rock only in part. ami 
other points are still covered with quartzitic schist. Generally the 
granite masses range from 2 to 10 m in diameter. The breadth of 
the beds is variable, usually ranging from 20 cm to :2 111. 

B. S \·Ec.:O .FEX~1 DJ{' QL\RTZ ITE AR EA~ lX SOL-TH FIXLA~D. 

7. TllRISMAA. 

The quartzite area of Tiirismaa ( o. 7 on Map I) ha' been reeently 
investigated and described by Eskola and Nieminen (1938) from 
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petrologieal and geologieal points of view. This quartzite area re
presents the horizontal seetion of a lens standing almost vertieal. 
The geologieal map (fig. 19) shows the rocks of Tiirismaa and the 
surrounding area. Conglomerates oeeur in Tyhnynmäki at the west 
end of the northern boundary of the quartzite, and in Rautakankara. 
at the south-eastern eontaet of the same quartzite area. As the eonglo
merates eontain pebbles of the Tiirismaa quartzites at both eontaets. 
they must belong to the same stratigraphieal horizon originally de
posited direetly upon the quartzite. This fact seems to indieate a 
complieated teetonieal folding around an axis whieh now stands in 
an almost vertieal position. Most parts of the Tiirismaa area eonsist 
of sillimanite-quartzite whieh is reddish in eolour owing to pig
mentary hematite. The sillimanite quartzite has the following eom
position (Eskola and Nieminen 193R. The mode was ealeulated by 
me). 

Table xx. 

Sillimanite-quartzite, Pirunpesä, Tiirismaa. 

Si0 2 ...•.•..•• 

A1 20 3 ........ . 

Fe 20 3 ........ . 

FeO ......... . 
MnO ......... . 
MgO ......... . 
CaO ... . ... .. . 

0 / 
, 0 

94.52 
2.38 

0. 84 

0. 58 

0.0 5 
0 .04 
0.00 

Na 20 . ........ 0.16 

K 20 .......... 0.08 
Ti0 2 •. . . .••••• 0.01 

H 20 + .. . .. ... 1.15 
H 20 - .... ... . 0.21 

----
100.02 

Mode 

Quartz .......... . 
Sillimanite .... ... . 
Serieite .......... . 
Magnetite + 
Hematite ......... . 
Water .......... . 

Oi 
10 

83.3 
11.4 

2.6 

1. 5 
1.:3 

100.0 

The eOluposition of an epidote-quartzite from Rautakankara, 
belonging to an outer mantle lying stratigraphieally upon the 
conglomeratc is aecording to Eskola ancl Kieminen as folIows: 



Anna Jhetanen: On the Petrology of Finnish Qual' tzites. ön 

Table XXI. 

Epidote-quartzite, Rautakankara, Lahti . 

Si0 2 .•.. .. ••. . 

Al 20 3 ... •..•. . 

Fe20 3 .••..••.. 

FeO .. ....... . 
MnO . ........ . 
MgO .... . .... . 
CaO .. .. . . ... . 
Na 20 ........ . 
K 20 . . .. ..... . 
Ti0 2 •.•.••...• 

0 / 
/ 0 

65.64 
13 .H 
5.04 
1. 0 8 
0.0 8 
2.27 
8.44 
0 .37 
0.9 8 
0 .85 

H 20 + ... . .... 2.02 
H 20- .... . ... 0.2 8 ----

100.19 

A comparison of the cli
nozoisite quartzite from Käl
viä (p. 65)with this epidote
quartzite of Tiirismaa shows 
an approximation between 
the two in chemical composi
tion. Mineralogically the Käl
viä quartzite differs mainly 
in such respect that feldspars 
are abundantly present and 
that the Ca-AI-mineral conta
ins more zoisite component. 
The plagioclase in the epidote
quartzite of Tiirismaa may 
have changed into sericite anel 
epidote, and the orthoclase 
into sericite. 

Mode % 

Quartz ........... 44.2 
Epidote (Pid 33.2 
Sericite ........... 11 . 3 
Chlorite . ........ . 6.! 
Magnetite . . ..... . 2. 8 
Sphene ........ . .. 2.0 
Water .... . .. . .... 0.3 

100.2 

Fig. 20. Sillimanitc quartzitc of TiiriR· 
maa. :Jlagn. 18 diam. 

The point of the D.Ti. L (PI. IX) is the southernmost part of the Pi
runpesä outcrop in the middle of Tiirismaa (S. W. of point 23). The coarse
grained rock contains fibrous sillimanite which appears mainly between 
the quartz grains (Fig. 20). Between large grains with fringeel boundaries 
there occur smaller grains, pro bably of a parakinematic crystallization , 
as the large grains show strain shadows, but not these sm aller ones. 
D.Ti. 1 shows the result of a petrofabric analysis of this rock. The 
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maxima are situated in two girdles which lie in positions asymmetrical 
to the coordinates of the rock. In each girdle there occurs one main 
maximum. and the angle between the maxima of the two girdles 
is about 70°. Sander (1930, D. 39,43 and 45) has described and explained 
similaI' orientations from granulites. In these cases the rocks have 
undergone pre-crystallization deformation. With their strong strain 
shadows tbe quartz grains of Tiirismaa show a post-crystallization 
deformation. Sheal' joints nearly parallel to the girdle of minima of 
axes are distinctly visible in thin section. Sander has described simi
laI' traces of differential movements and compared the deformation 
ot this type to the deformation of calcite. This comparison indicates 
the gliding to have taken place along the rhombohedral faces. In 
the quartzite of Tiirismaa the shear surface forms an angle of 43° 
with the 'ab' -plane and indicates the movements in the rock in point 
1 as having taken place in a vertical plane standing in a south-northerly 
position. Another explanation is similar to that given in connection 
with the following diagram. 

D.Ti. 23. This outcrop is situated in the central part of the quartz
ite area and its character is the same as that of the rock in point l. 
The diagrarn sho\\'s a small girdle around 'al and some weak maxima 
in the 'be' -zone. The main maximum is near to 'a' and in the same 
zone as maxima III in the 'be' -zone. In this case the explanation 
\\·hieh Sander has presented alternatively with the explanation of 
D.Ti. 1, seems to be applicable, viz., that the prism planes have 
acted as gliding planes and that the main maximum in 'a' has been 
divided into several separate maxima by the oscillation of the 'a'
axis. 

D.Ti. +. The rock at point 4 - north of point 23 on the map -
is similar to the former . The diagram shows a small-girdle figure. 
the centre of \\'hich is in the 'ac'-zone. Three series of healed shear 
joints are visible; one is parallel to 'ac' and the others are on each 
side of it. They seem to indicate that the du:ection of gliding is the 
centre of the small girdle and that the girdle has been formed by 
oscillation, as was the case with D.Ti. 23. 

All these diagrams are made from the quartzite of the central 
part of the area \\'here tbe ·trike is about N. 15°-40° E. and the 
dip nearly vertical. D.Ti.l is nearly parallel to the 'ac'-plane and 
shows occupation in two small girdles. Shear joints in the section 
form an angle of nearly 40° with the 'ab'-plane. D.Ti.4 was made 
parallel to the 'ab'-plane. The centre of the small gu>dle differs about 
.,Wo from 'a'. 1'\\'0 series of hear joints are visible , forming an angle 
of 10° 01' 15° \\'ith the 'act-plane. D.Ti. 23 shows a small girdle, the 
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centre of ",hich differs about 20° from 'a'. The position of the main 
maximum is in the 'ab'-plane and about 20° from the 'ac'-plane. 
[n all these diagram the angle between ' a' and the centre of the 
small girdle varies from 20° to 40°. The variations in this dil'ection 
lllay be partly local and partly due to the errors in measuring, as 
all three diagrams were drawn parallel to different planes. The 
average direction of points 1 and 4 is nearly parallel to the 'ac' -plane 
and differs about 40° from 'a'. In the Held this direction is S.-N'. 
",hich consequently is the average direction of differential move
ments. The map (fig. 19) shows that the schists stand here in a ver
tica.l position making an 's' -shaped fold. At point 23 the centre of 
the small girdle lies nearest to ' a' , differing 20° from it. The strike 
is N . 15° E. and consequently the direction in question is N. 5° W. 

Abundant sillimanite occurs at both ends of the quartzite area, 
mainly as bunches of needle ' between the quartz-grains and also as 
inclusions in them. Magnetite is another common minor constituent. 
Diagrams show mainly two girdles in asymmetrical positions. 

D.Ti. 10, Tyhnynmäki. The point in which the girdles intersect is 
only weakly occupied. Healed shear joints passing this point are 
visible as rows of inclusions of ore minerals 01' of other minerals 
the eharacter of which could not be determined. In the field the 
1'ltrike of this direction is N. 30° W. and the dip 25° N. N. W. 

D.Ti. 9, Tyhnynmäki. The intersection point of the two girdles 
is in the 'ab' -plane. In the field the direction of it is N. 75° W. In 
this plane the dip of the interseetion direction is 50° \V. N. W. 

D.Ti. 29, Tiirismaa. does not show any distinct girdles. The main 
maximum is in ' a ', with another strong maximum at a distance of 
about 30° from 'c ' . The direction of 'a' is .75° W. and the max
imum at 'a' may indicate the direct.ion of gliding. The rock at 
point 6 - near to the conglomerate of the northern zone - consists of 
(luartz , plagioclase (75 % An), diopside, titanite , magnetite and mica. 

At the ea tern end of the quartzite area, D . Ti. 17, north of 
point 25, shows a quartz orientation similar to that of D.Ti. 10. The 
clirection of movement is here indicated by the intersection point 
oi the t\\·o girdles as also appears from the healed shear joints. The 
"tr'ike of this direction is N . 25° W. and its dip about 20° S. S. E. 
In D .Ti. 13 , south from point 25, this direction is parallel to the 
horizontal plane and its strike is N. 25° E. COl1sequently the direc
tions of movements oscillate here around the S.-N. direction. 

D.Ti. 27 shows two somewhat confused small girdles in the same 
positions as D.Ti. 1 and further one strongly occupied maximum . 
• -\s the strike here is N. 65° E. a comparison with D.Ti. 1 gives the 
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movement direction N. 25° E. The distribution of the maxima may 
be due to the oscillation of this direction of movement. 

The orientation of poles in two girdles has been thoroughly in
vestigated (Sander 1932, Sahama 1936, Closs 1935, Osborne 1935. 
1936) and in all cases the direction in which the girdles intersect has 
been established as having acted as the direction of differential 
movements. The triclinic symmetry of the diagram indicates that the 
movements have taken pI ace later than the general folding. Several 
other circumstances in the Tiirismaa area aHord evidence to the 
same eHect. In the quartzite these traces of movements appear a::; 
granulation of the grain boundaries. The later deformation has not 
been able to change completely the external shapes of the grain~. 
Some small grains have recrystallized on their boundaries and tile 
large grains have been re-deformed in their lattice Fltructure. 

The mineral cOlllposition of the surrounding rocks sho\\'s tl'ace,; 
of the post-crystallization deformation. Greenschists occur here 
instead of amphibolites , wh ich are common as the country rocks of 
the quartzites in Ostrobothnia. The alteration of amphibolites to 
greenschists may have been caused during the la test period of tilc 
deformation process . the traees of which are seen in the lattice orienta
tion of quartz. 

Thus the orientation of the quartz see111 ,' to !Jaye been cau::;ed 
by a later period of deformation, whereas tbc eompli('ated folding 
of the area has been brought about during an earlier periocl. These 
two periods were assumed by Eskola from the petrological stud)' of 
this area and the petrofabrics of the quartzite , upport his vie\\·,,;. 
In the central part of the area the direction of the differential 
movement has been N.-S. At both ends one shear is parallel to the 
schistosity (D. Ti. 9, 29 , ] 3 and 27) while the other shcar form:; an 
angle of about 50° with it. 1'his shear is indicatcd by D. Ti. 10 and 17. 

8. 'l'Y~'XRSAARI . 

The island Tytärsaari (No. 8 on Map 1) is situated in the middle 
of the Gulf of Finland ab out 65 km south of the tO\n1 of Kotka. Tile 
longest diameter of this small island ranges about 3. :; km. The quartz 
ite rocks are situated in the north-western part of the i"land . Tbe 
eastern shore is covered by dunes, and a zone of gravel extends through 
the island from south to north. Thehighest hill (east of ]Joint 6 on tile 
sketch mapinfig.21) consistsof areddish, coarse- or medium-grainedgra 
nite. The quartzite is light-eoloured. reddish 01' bluish. and coarse-
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grained. The strike is visible only at a few places. Spar e sillimanite 
and magnetite grains occur as accessories. Strain shadows are weak 
and the structure is crystalloblastic. Three petrofabric analyses were 
made and they all show two girdle figures (D.T. 4, 6 and 15, Pt IX 
and X). The main maximum is situated in the intersecting point 
of the girdles . Shear joints are visible in sections pasfling through 
the rock. 

D.T. 4. The strike is scarcely visible. 
The main maximum is strong. Several 
small maxima occur in two girdles which 
form an angle of about 90°. The position 
of the main maximum corresponds in the 
field to a direction, the strike of which is 
J3.:.-W. and the dip 20° W. This direction has 
been the direction of the main shear. At 
point [5 the same direction is: strike N. 
50° E. and dip 25° N. E. , and at point 6: 
strike N. 30° E. , dip 10° N. N. E. In D.T.6. 
'b' and 'c' are also strongly occupied and 
an inclined g.irdle passing 'b' appears. The 
direction of the differential movements ha 

Pig. 21 Tectonical sketch 
of the quartzite area of 
Tytärsaari. calc 1:30.000 

been on an average N. 60° E. It has been caused by the folding 
process, and thus in Tytärsaari the orientation process is con
temporaneous with the folding. Fig. 21 shows a sketch map illus
trating the assumed folding process. The directions of shearing 
movements are marked by the symbol of folding axes. 

9. TAALIKKALA AND ANTAMOINEN. 

Within the rapakivi granite near Lappeenranta we meet with a 
Jens consisting of Archaean rocks , mainly coarse-porphyritic biotite
granites and metabasalts. In the contact zone of these there are two 
small quartzite lenses (No. 9 on Map I). The area has been described 
by Hackman (1934). In the contact zone of the biotite-granite and 
the quartzite narrow lenses consisting of migmatitic gneiss are founcl 
north of the quartzite areas. This gneiss grades over into quartzite 
and accorcling to Hackman it has been mylonitized to a certain extent. 

The quartzite shows megascopically mainly a clastic structure 
and a gray or reddish colour. In Antamoinen, east of the main road, 
a high rocky hill consisting of a glassy variety is found. The clastic 
quartzite contains a considerable amount of feldspar and epidote . 
.Mu covite, chlorite, b1'o\\'n -coloured biotite, a little zircon and co-

L90 J , 38 10 
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rundum (!) occur as minor constituents. The feldspar , mainly consist
ing of microcline, appears as a cementing mineral between roundeel 
quartz grains. Plagioclase has altered into epidote and sericite. 
",hich now are seen partly as recrystallized grains anel partly also 
as aggregates having the external shapes of feldspar grains. 

The glassy variety of quartzite shows a granoblastic structure 
and it occasionally contains epidote in abundance as groups of grain 
situated between quartz grains. Other minor constituents are scarcely 
found in this type. 

No diagram has been made, as no orientation could be eletermined 
by means of a gypsum plate. 

10. KUPARSAARI, ANTREA. 

The fourth smal1 quartzite area in South Finland is situated in 
Kuparsaari, Antrea (No. 10 on Map I). This quartzite is an excellent 
example of blastopsammitic wollastonite-quartzites. The quartzite 
rock occurs in connection with limestones and in the contact zone 
(fig. 22) quartz and lime have reacted, forming wollastonite. No 

Granife WolloJlom/e -9uarh',r" 

22. Wollastonite-quartzite of Kuparsaari according 
to Eskola ( 1919). Profile. Stale 1:1 ,500. 

Fig. 

petrofabric analysis has been made of this rock . It was taken up 
in this paper for comparison with the other quartzites in a petro
chemical respect . 

A chemical analysis by Miss EIsa Stählberg shows the result 
quoted in Table XXII. 

This quartzite contains, besides wollastonite, feldspars and di
opside as accessories. The small amounts of magnesium and iron 
indicate a very pure member of those quartzites in ",hich calcite 
has originally heen present as cement material. 
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Table XXIT . 

W ollastonite 

Si0 2 .•.•.•••.• 

A120 3 .... . .. • . 

Fe203 ....... . . 
FeO . . . . . . . .. . 
MnO ......... . 
MgO ...... . .. . 
CaO ....... . . . 
Na 20 ........ . 
Na 20 ..... . .. . 
K 20 .. . ...... . 
Ti0 2 . . .. . . . . • . 

P 20 5 ..... ... .. 
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U. K.ARELIDIC QUARTZITE AREAS. 

A. QT:ARTZITE AREAS OE ,YBST8RX LAPLAXD. 

11. OLOST NTURI AND JUNKIROVA , MUONIO. 

In Western Lapland we meet with numerous extensive quartzite 
areas forming parts of the K.arelidic zone. The new geological map 
of this district (Muonio sheet B 7) as weIl as the con tinuation sheets 
of Sodankylä and Tuntsajoki have been made by Mikkola (1936, 
1937) . The quartzite areas lie mainly in aN. -S. direction and their 
strike as weIl as the strUze of the surrounding rocks is also mainl.\' 

.-S. The dip - usually in an easterly direction - is slight. Only 
three limited occurrences of these areas are discussed in this paper. 
These three areas are OlostuntuTi with Junkirova in Muonio (No. 11). 
Rautakero in Ounastunturi (No. 12), anel Jyppyrä in Enontekiö 
(No. 13). 

The quartzite area investigateel in Muonio comprises t\1"O hills. 
the [arger one. OJostunturi ancl, east of it, the smaller JunJ<irova. 
They are - according to Mikkola - outcrops of one and the same 
quartzite lens, itslength being about six kilometers while it arche;; 
from north-east to south-east as shown on the iOketch map in fig . 
23. The quartzite rocks are surrounded by quartzitic and leptitic
gneis ses which are veined by granites and contain sillimanite. 

Granites also pcnetrate the quartzite area. They occur as '1tod:'1 
and bands mainly in the coarse-grained quartzite. The diameter 
of the mas 'es is variable, the largest having a length of about 250 
m. In the middle of the area we meet with a narrow zone of mediulll 
grained biotite-gneiss of a gray colour. 

The granites are coarse-grained, pegmatitic- varieties. Their col
our is mainly reddiiOh from abundant red microcline, ,yhich also in 
microscopical examination proved to be the main component of thi'l 
rock. Plagioclase is found in small amounts and has main ly the C01l1 -
position of An20 . Muscovite is most C01111110n among the minor COI11-
ponents, but bio ti te also appears. There are frequent gradual transi
tions from quartzite to granite. and feldspars occur commonly a" 
grains in the quartzites . Occasionally these grains sho\\" an arrange-
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ment in rows parallel to the schistosity. Clusters of grains may in 
place be observed among them. These grains of feldspar mainly 
consist of microcline showing a lattice structure. They are more 
idiomorphic than the quartz grains and are weil preserved, in contrast 
to plagioclase, which has abundant inclusions of sericite, being some
times entirely altered into this mineral. 
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Fig. 23. Olostlillturi quartzite area. ContOl.m;: and smrolillding according to 
l\Iikkola. 

Two types of quartzite are common: a coarse-grained glassy 
variety prevailing for instance in points 10, 24 anel 25 and, 
containing abundant feldspar as bands and grains, and a medium
grained variety which megascopically is less commonly found to 
contain mierocline as large grains. Sillimanite, serieite, muscovite. 
magnetite, diopsiele , biotite, chlorite, sphene and apatite are met 
with among the accessories. Sillimanite occasionally occurs in abund
anee (for instance in localities 5, 11, and 28, fig. 23) as needles 
and bunehes bet,yeen the quartz grains. On the western slope of 
Olostunturi (points 5 and 11 on the map, fig. 23) sillimanite occurs 
in a zone ,,·hich is lying parallel to the schistosity. The dip is here 
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from 50° to 70° S. E. and a lamination parallel to the schistosity is 
distinctly visible. The occurrence of sillimanite in the same zone 
may indicate this schistosity to be parallel to an original bedding. 
Hefore metamorphil:>111 the zone rich in sillimanite possibly containecl 
more clay than the other horizons. Shoulel this have been the case , 
the arrangement of feldspar grains in ro\\'s, as just elescribed. ma.\' 
also be due to the original bedding, anel the origin of the felds par 
in the quartzite may be sedimentary, even though so me recrystalliza
tion anel clustering together of the grains may have occurrecl. Where 
granite occurs as large masses it seems, ho\Yever. to have been in 
jected. Near to these masses smaller groups of felelspar are common 
and it is more difficult to explain their origin, as \\"el! ar:; that of the 
granite occurring in sm all banels parallel to the schistosity. The 
irregular bands of granite alternate with quartzite in localities ~ . 

5. and 13. The breadth of the banels is about ] cm. l\1egascopically 
this granite seems to belong to the same type as the granite of the 
large masser:; , being, however, meelium-grained. The mica, llIainl.\' 
muscovite , is present only in small amounts. The scattereel occurrence 
of feldspar grains suggests that the original sand has been arkosie. 
as in Kälviä and Taalikkala. In contrast to these occurrences, however. 
the mutual relations between quartz anel feld 'par are different. In 
Taalikkala the grains of quartzite are rouneleel, as they are in r:;ancl
stones, and the felds par occurs a,s a cement mineral between them . 
The quartz has kept its rouneleel shape. The low temperature meta
morphism has not been able to recrystallize it , but the feldspar grain ' 
have lost their shapes. In the quartzite of the Olostunturi area the 
felelspar is more ieliomorphic than the quartz , as is generally 
the case in igneous rocks. During the metamorphism a complete 
recrystallization has taken place anel in this recrystallization the 
feldspar has proeluced more idiomorphic shapes than the qual'tz. 
The granoblastic structure of the Kälviä qual'tzite indicates con
ditions about midway between these . 

Dr. l\1ikkola, accol'eling to his personal communication, has found 
on Olostunturi varieties rich in calcium-bearing minerals, viz. clino
zoisite , epielote, 01' diopsiele. These rocks lie as zones among the 
quartzites of other types, probably in the same way as eloes the silli
manite quartzite. The cement of the original sanelstones has in this 
ease been marly. 

The small outcrop of Junkirova consists of the same coarse-grained 
01' meelium-grained quartzite as at Olostunturi. Feldspar grains are 
common also here (fig. 24) anel two lal'ger masses of granite occur 
in the central part of the outcrop. The felelspar is mainly microcline, 
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and muscovite; biotite, chlorite, diopside and magnetite occur a:; 
accessories. 

1'he quartz grains in the section parallel to the horizontal plane 
and perpendicular to the schistosity show an elongation in the di
rection of their c-axes, which lie in the plane of schistosity as sho\\"n 
in D. M. 1 (PI. X.)1'his diagram shows one sharp maximum in the plane 
of schistosity. Another section parallel to the schistosity shows foul' 
distinct directions in which the grains are elongated and which seem 
to indicate movements . 1'wo of these shear surfaces (SI and S2 in 

Fig. 24. Feldspar grains in thE' quartz 
ite of Jmlkil'ova. :\'[agn. 18 diam . 

D . M. 1) are bettel' developed. 
1'he other t,,·o are situated pel'
pendicular to the plane of 
schistosity. 1'he direction of 
elongation nearly coincide:; 
with S3' wh ich plane in the field 
investigation proved to be the 
I ab' -plane. 1'he absence 01' scar
city of mica makes apreeise 
determination of 'b' impossible. 

D. M. 23. 1'he quartzite at 
point 23 is medium-grained. 
::vIicrocline, plagioclase (20 % An) 
museovite , sericite, biotite aml 
magnetite occur as accessory 
minerals . D.M. 23 shows t\\·o 
maxima in the 'ab'-zone. 1'he 
second of these is divided into 

two smaller maxima. 1'he quartz grains areelongated in the direction of 
their vertical axis and show strong strain shadows. 1'he direetion of the 
vertical axis is parallel to the 'ab' -zone and the direction of gliding ma y 
have taken two different ways in this plane if L0001] has been a glide 
direction. Another explanation seems, however, t.o be more probable 
i.n this case, viz. , that (1010) is parallel to 'ab' and [ii13] is the glide 
direction and parallel with 'a'. 1'he angle between the maxima and 
'a' is about 53°, whieh corresponds well to the angle between [2113] 
and I 0001]. In fig.1 7, PI. VIII the poin ts of these maxima are marked as 
number VII. One of them is bettel' developed than the other and 
it may be that the maximum of D.M. 1 is formed so that only one 
of maxima VII is represented. 

In this case, namely , a section parallel to the 'ab' -plane shows 
the directions 'a' and 'b' in the external shapes of quartz grains, 
1'he angle between [2113] and (0111) is nearly 90° and, if [2113] is 
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pa.Eallel with 'a' and (0001) parallel with the 'ab'-plane, the face 
(011 1) of the unit rhombohedron must be nearly parallel with 'b'. 
From the shapes of the quartz grains this seems to be the case, as 
several grains have a quadrangular form. A couple of sides coincide 
with the direction of 'b' and another with that of 'a'. The direction 
of the strain shadows and the vertical axis is nearly parallel to the 
diameter of the quadrangle which bisects the obtuse angle. In a 
seetion perpendicular to the plane of schistosity the quartz grains 
show an elongation parallel to the 'ab'-plane. 

Similar mechanics of orientation can be assumed in the case of 
D.M. 23. Two maxima appeal', as there i one degree of freedom. 
The division of the other maximum may be a fortuitous circumstance. 
lt is, however, seen al 0 in D. M. 10 which shows the same type of 
orientation. 

D .M. 10. The rock at point 10 is coarse-grained. Microcline, 
plagioclase (20 % An) ancl muscovite occur as accessories . Strain 
shadows in the quartz grains are scarcely visible. The petrofabric 
analysis shows an orientation of two maxima, which probably COl'

respond to the maxima of D.M. 23. Adetermination of 'a' and 'b' 
has not been possible in this glassy quartzite. 

D.M. 25. The properties of this quartzite are the same as those 
of the former. Sphene and magnetite occur among other accessories. 
The plagioclase has abundant inclusions of sericite, as is usual in 
the quartzites of Western Lapland. The diagram shows two main 
maxima, the explanation of \I'hich may be the same as in the case 
of D.M. 23. The directions of 'a' and 'b' could not be determined. 

D.M. 4. The quartzite at point 4 shows narrow granite veins. 
The quartzite contains abundant sillimanite as long needles mainly 
parallel to 'b'. They appeal' as bunches between quartz grains and 
also as inclusions. The other accessories are scarce; only small amounts 
of microcline, plagiocla e (20 % An) , magnetite , muscovite and sphene 
are found. The bedding is nearly horizontal and the stretch N, 25° E. 
The main maximum in D.l\'I. ± is situated at 'b' and two other max
ima in the 'ac'-girdle on both sides of 'a'. The 'bc'-gir(lJe is partly 
occupied, indicating some action of a crossed strain. Schmidt (1925) 
has described tectonites with an 'ab' -girdle from Greiner Scholle 
and Val Piora and has explained the formation of the maximum in 
'b' as follows: The direction of the gliding has been the direction 
of 'a' and it has taken place in the prism planes parallel to (2110). 
In D.M. 4 there are no gliding surfaces visible under the microscope. 
The grain boundaries are fringed and the dimensions of the quartz 
grains are nearly similar in all directions. Strain shadoVl's are strong 
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<md ruptural and may indieate that the gliding during the deforma
tion has taken plaee along the pri m faces. The maximum at 'a' 
j" di,,-icLed into three separate maxima. One of them is situated in 
t,he 'ab' -zone and the othel' two are in asymmetrical positions about 
, ae' . Eaeh of these two maxima is in the same great eirele as the 
maxima Ül the 'be' -girdle. Possibly the shearing strain whieh has 
causecL the maxima of the 'be' -zone has also caused the dividing 
of the maximum at 'a'. 

D.M. 20. The minor eOllstituents are microcline, plagioclase 
(2 3 ~o An), muscovite, sericite, cLiopside, biotite, chlorite, sphene 
a llel magnetite. The rock is medium-grained and the feldspar grains. 
a" usual, havc arranged themselves in rows parallel to the bedding 
plane . 

In the diagram the 'ab'-gil:dle is weH developed and comprises 
"c\-eral separate maxima. The main maximum is at the point of 
maximum VII. The maxima at 'a', 'b' and at the point symmetrical 
\vith III. with respeet to 'ac' , are represented. The forming of this 
diagram ean be explained according to Sehmidt's ieleas as folIows: 
'a' is the gilde direction, the maximum at 'b' is explainecL as in the 
case of D.M. 4. The maximum at 'a' is due to a gliding along the 
prism faces with the vertical axis as a gliele direction. The maxima 
YII are formed by gliding parallel to prism faces (lO-iO) and with 
[2I13] as glide direction. In accordance herewith one might expect 
hoth maxima VII to be similar in occupation, but now one of them 
is much stronger than the other. All application of Sander's mode 
of treatment would result in the following interpretation : Prism 
faees have acted as gliding planes and the separate maxima have 
been formeel by »Mehrscharige Gleitung». In such case tbe shear 
,.;urface passing the main maximum VU would have been the surfaee 
of maximum shear. 

D.M.8. Microcline , plagioclase (23 ~o ~~n), muscovite, ,·ericitc. 
biotite, eh lorite, diopside , sphene, magnetite and apatite occur as 
aeees ory minerals in this medium-grained quartzite . The result of 
the petrofahric analysis, D.M. 8, shows a main maximum in the 'ab'
zone anel sOllle maxima in a girelle perpendicular to the beeleling anel 
>:ichistosity plane. 'b' is not visible, but the maxima probably cor
l'espond to the maxima of D.M.4, so that the main maximum is 
at 'b ' amI the maxima in the central part of the diagram are ne ar 'a'. 
'c' is also oceupied in both diagrams. Aceoreling to this, the explana
tion of D.M. 8 is the same as in the ease of D.M.4. 

D.M. 28. The quartzite at point 28 belongs to tbe same zone 
HS the rock at point 4 anel it is also rieh in sillimanite. The other 

I!J0 1,-:lS 11 
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minor constituents are microeline, plagioelase (20 % An) muscovite 
and magnetite. In D.M.28 the mainmaximum is situated in the 
'ac'-zone near to 'a'. Some maxima in the 'bc'-girdle appeal' as in 
D.M.4. The elose approximation to this diagram indicates a similar 
orientation process. 

All diagram indicate 'a' to have acted as the direction of dif 
ferential movements, as is common in the normal tectonites. Two 
types of orientation can be distinguished, viz. , the girdle figures and 
those with separate maxima. One of the girdles is in the 'ab' -zone 
and the separate maxima appeal' in the same zone, where this zone 
has been developed. Consequently the orientation of the Olostunturi 
quartzite is characterized by the location of the maxima with respect 
to 'ab' and 'a'. Maxima I, VI and VII are most common and in all 
these cases the prism planes are parallel to 'ab', the glide direction 
being different. Maximum I is due to the gliding along LOOOl] , VI 
to [2TLOl anel VII to 1.2113]. In this case the mode of Schmidt"f'. 
explanation seems to be most acceptable, all directions of closest. 
packing in the lattice of the quartz being represented. Among the 
possible gliding planes only the prism planes have been in action 
du ring the last period of deformation. In the former period plastic 
deformation has caused Böhm striations in 'ome quartz grains uf 
the glassy quartzites. Fig.] 4- a , b (Pl. VII) shows such a grain ami 
the map ofaxes made from it. Relict Böhm striations are visible. 
forming an angle of from ° to 10° with the basal plane. The break 
ing into needles is visible as strong ruptures. In another grain (fig. 
L5 a , b PI. VII) the gliding along prism faces has been more dominant. 
but also in this case Böhm striations appeal' in one part of the quark 
grain. In both grains th~ ~Iiding along prism faces seems to have 
taken place parallel to L 21101 , as indicated by the Röhm striation~ 
parallel to the basal plane. 

The direction of 'a' in the field varies with the strike anel dip , 
being evidently connected with the general folding process. 'b' j". 

mainly horizontal 01' deviates from it about from 0° to ,1,5° . Thu", 
the direction of ' a.' in the 'ab' -plane is alm ost vertical. The folding 
movement has been complicated ancl tbe clirection of 'b' varies in 
considerable amount , as is visible from the strike ancl dip in the 
sketch rnap (fig. 23). The type of the tectonics is alpinic a,ncl 
the orientation of the quartz has taken place contemporaneously 
with the folding. 80\\"ever. traces of a 8tronger shear movement 
are visible in some diagrams. as for instance in D.M . I ancl in D.M. 2:3. 
in whi<?h one of the maxima VII was a main maximum. This direc
tion in the fielrl is N. 30° \V. in Junkiroya ancl X. 10° W. in 010:' 
tunturi. 
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12. RAU TAKERO , OUNASTU)f'l'URI. 

The outcrops are situated on the north-western slope of the hill 
Rautakero (No. 12 on Map I) belonging to the highlands of Ounas
tunturi. Quartzite in the upper part of the slope shows megascopicaHy 
a clastic structure, as usual in Ounastunturi; but in the lower part 
we meet with a quartzite which megascopically shows an approxima
tion to the glassy feldspar-bearing variety of Olostunturi , and the 
rock in the middle of the slope resembles the fine-grained type of 
the Olostunturi quartzite. The glassy type is coarse 01' medium
grained and contains feldspar grains. On the surface of the rock 
these grains are seen evenly distributed and mainly arranged in rows 
parallel to the schistosity, as was occasionally the case in the quartz
ite of Olostunturi . Stocks of coarse-grained red-coloured granite 
occur, but they are few in number and small. Their length varies 
commonly from 20 cm to 100 cm and their breadth from 5 cm to 
50 cm. Some large1' masses are also seen he1'e . 

The outc1'ops of the hill Välivaara, situated north of R autakero. 
eonsist of the same aplitic , pegmatitic granite and the hills in a north
crly as weH as a southerly direction from this locality ('onsist of 
quartzites which show no orientation and which thel'efore were not 
closely examined. 

The planes of schistosity on R autakero are nearl,v horizontal or 
dipping up to 20° E. Tbe direction of 'b' is N. 35° E . D.R. 1. shows 
CL weH developed orientation of one strong maximum in the 'ab'
zone. Tbis maximum deviates 35° from the direction of 'a'. The 
directions of the vertical axes of quartz grains consequently lie in 
the W .-E. direction of the horizontal plane. Quartz grains are 1'e
c1'yst.allized ~with fringed boundal'ies, and they show strong stl'a in 
shadows. Rupture parallel to the vertical a xis are many and sharp, 
indicating that gliding also here has taken pl ace parallel to the ver
tical a xis. Accol'ding to this t he direction of shearing movements 
have been W .-K 

13 .. JYPPYRÄ. HE'I"rA . 

The small quartzite a1'ea upon t he hiJl J yppY1'ä p~o. L3 on Map 1) 
in the village of H etta, Enontekiö, comp1'ises one larger and a few 
rsmaller outcrops. Quartzite is present as small lenses enclosed in 
granite which has also penetrated the quartzite rocks, so that pure 
quartzite can be found only in a few pI aces, as shown on the map, 
fig. 25. The surrounding rocks consist of quartzitic gneisses . In a 
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The quartzite is coarse- 01' medium-grained and light-coloured. 
The strike varies from N. :20° W. to N. 10° E.; the dip is mainly 80° W. 
and the direction of the linear structure ranges from 35° S. to 70° R. 

The common minor constituents in the quartzite of Jyppyrä are 
microcline, p lagioclase (An~ .5)' mnscovite , magnetite . biotite, alld 
Rphene . Microcline is also here more idiomorphic than quartz, OCCUl'

ring as inclusions in larger qual'tz grains anel also between them (fig. 
26). 

D.J. 5 (Pl. X). The quartzite at t ltis point is coarse-graineel and light
t'oloured . containing microcline. plagioclase (15 o~ An). biotite, mag

netite, and muscovite as acces
sories. The quartz grains are 
elongated parallel to 'b' anel 
their ruptural strain shadows, 
forming an angle of about 45° 
with 'b'. are ver)' marked. 1'he 
shear has evidentJy taken place 
in thii; direction, the prism faces 
having acted as gliding planes 
and the ,-ertical axis as glide 
direction. As a l'esult of this 
deformation t11e diagram sho\\'s 
one strong maximum in IV. 

D.J. 6. 1'he megascopical 
structure and the minor const-

Fig. 26. Fcldspar,bcaring quartzitp of ituents of this rock are 
Jyppyrä. ~lagn. 18 diam. the same as tho~e of point 

5. The diagram shows a 
gil'dle in which the main maximum is situated near to 'a' and two 
smaller maxima in the same position as the maximum of D.J. 5. 
Part of another girdle perpendicular to the former is a lso visible. 
Togethel' they form a figure of two girdles in a position asymmetrie 
to axes 'a.', 'b', and 'c'. The sharp maximulll near to 'a' is formed 
by the gliding of the prism planes, as was the case in D.J. 5. Girdles 
which are lightly occupied indicate a rotation of the poles out of tlle 
maximum. The complete gil'dle is due to the main strain anel the 
other one to a crossed strain which has eviclently heen weaker than 
the main strain. 

D.J. 7. The minor constituents of this coarse-grained Cjuartzite 
are microcline, plagioclase (] 5 ~o An) , biotite, magnetite. muscoYite. 
chlorite, and a fe,,' grains of clinozoisite. The main maximum 1S the 
~ame as in D.J. 5 . Two weak maxima in the 'ac'-girdle and also the 
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light occupation of a girdle near to the 'ab' -zone distinguisb this 
diagram from D. J. 5. The type of deformation is the same, as the 
strong occupation of the main maximum indicates. Tbe explana
tion of the formation of the weak girdles is the same as in the case 
of D.J. 6. 

D.J. 8. The rock at this point contains the same accessory min
erals as the quartzite at point 7, but the amount of clinozoisite is 
more considerable. Tbe petrofabric analysis shows a similar result 
as in the case of D.J. 5, the maximum being situated, however, nearer 
to the 'ac'-zone and being more elongated in the horizontal plane. 
Some poles in the same zone indicate traces of astrain similar to 
that which has given rise to the girdle of D.J. 6. 

The optic orientation of the quartzite of Jyppyrä is consequently 
characterized by one strong maximum in an asymmetric position. 
The external shape of the quartz grains gives evidence of a shear 
passing this maximum and the ruptural strain shadow parallel to 
tbis shear surface indicate that the prisl11 surfaces have acted as 
gliding planes. The directions of the shearing movement at points 5. 
7 and 8 are in the horizontal plane as follows: at point 5 N. 30° E.. 
at point 7 N. 45° E., and at point 8 N. 20° E. D.J. (i. shows some 
s bearing movement to have taken place in the direction N. 40° E. 
but the direction of the main shear is inclined 30° N. in a vertical 
plane, the direction of which is N.20° W. Possibly this variation in the 
direction of shear is due to tbe I'otational strain which the girdle 
indicates to have been in action. 

The direction of differential movements in J yppyrä and in Rauta
kero has taken place in the horizontal plane. The triC'linic symmetr.v 
of the diagrams indicates that the orientation process must belong 
to aperiod later than the general folding. Probably one strong »Durch
bewegung» has caused it. The direction of this movement in Jyppyrä 
is about N. 35° E. and in RautakeroW.-E. 

13. QCAR'1'ZIT8 AREAS OF KAH.8LIA. 

14. KIEl-IIMÄ. 

The Kiehimä area , north of the east end of Lake Oulujärvi. W;:J.f; 

chosen for petrofabric study as a representative of the Kal'elidic 
Kainuu zone which the investigations of Väyrynen (1928) and Weg
mann (1929) have already made ~well lmown for its interesting tec
tonics. 

The exten ive quartzite areas east of Lake Oulujärvi consist 
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lllainly of fine-grained crystalline quartzites which generally contain 
:,;ericite 01' muscovite as minor constituents. Feldspar. tourmaline, 
<I,nd zircon occur occasionally. This district has been described by 
Wilkman (1931), and Wegmann has widely surveyed its tectonics 
in connection with his investigation of the Karelidie mountain-chain 
according to the methods and viewpoints of Alpine geology (Weg
mann 1928, 1929 a. , b). The axis of the folding lies mainly in a south
northerly direction, but generally it is not parallel to the horizontal 
plane. In the Kainuu district the tectonics are characterized by two 
depressions and two culminations , viz., the depressions of Oulujärvi 
anel Kuolajärvi anel the culminations of Nurmes and Puolanka. In 
the depressions the overthrust nappes come from the west into the 
quartzite zone, as for instance the Paltamo nappes. In the culmina
tions the old gneissose granite is exposed in the topography. The 
fo lcling has taken place from west. to east and the quartzites are tbus 
::leen in zones parallel to tbe S.-N. direction. The original bedeling 
i::; usually preserveel in spite of fo lding anel only in places which have 
been subjeeted to intensive shear doe the quartzite show a weil 
developed megascopical stretching along the folding axis 'b'. Thus 
for instance the quartzite on the south-western slope of the hin Pieni 
Leppimäki , Kiehimä (No. 14 on Map I) shuws a strueture whieh me
gascopieally suggests rolling movements, the axis of whieh is N. 100 E. 
The oscillation of the axiFl is also seen in its loeal deviations from 
thc general N.-S. elirection. Consequently this oscillation of the axis 
has not taken place in one or another plane but it ean be characterized 
only by the co-ordinates in three dimensions. The optic orientation 
of quartz seems to give good assistance in the elucidation of the 
l"haraetel' of the folding-movements and of the real direction of the 
axis 'b'. Thus the Karelidie mountain chain forms a perfect unity 
anel it ought to be wholly investigateel by the petrofabric methods 
a t one and the same time. However, the absence of quartz orienta
tion in many localities makes this kind of work more diffieult and 
in so me places impossible. It is only where the orientation can be 
found that such work may throw light on the matter. In the present 
investigation only a few diagrams have been made from those places 
\\'here the quartz was found to show an orientation. Thus the present 
lI'orIe may offer only some hint· for the future thorough investiga
tion of the Karelidie mountain structure by mean of the petro
fabrics. Diagrams were made from the districts Pieni Leppimäki 
and Mieslahti and both show a figure of one-girelle perpendicular to 
the axis 'b', as was to be expected in view of the general character 
of the foleling movements of the Karelidie mountain chain (D. P. L. 1 
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and D.Mi. 1, PI. X). This ginlle Sander ancl Sehmielt have tounel tü I>e 
eharaeteristie of those Alpine teetonites with ""hieh the quartzite~ 
now investigated are comparable. Hüth cliagrams show. howe\·e1'. 
a tendeney to form another girdle perpendieular to the former anci 
parallel to the horizontal plane. In Pieni Leppimäki this gircUe rc
presents an 'ab' -girdle and in Mieslahti a 'bc' -girdle, as the bedding 
's' in Pieni Leppimäki lies mainly horizontal, while in Mieslahti it 
stands nearly vertieal. The elistricts belong to different zones allCl 
consequently to different parts of the large fold (lirectecl from S. to 
N. The Pieni Leppimäki quart:üte is situatecl in a more westel'ly 
direetion and belongs to the upper part of the foldecl complex. No\\'. 
as the crossed shear which has eausecl the maxinHt üt the hOJ'izontal 
gird les, has been the same in both eases. it appears timt thiH ShCH]' 
must have heen latel' than the geneJ'al folding movement. 

These two instances, ho\\'eve1', are not suffieient to enable one to 
draw clefinite eonelusions concerning exten ive quartzite arcas . ...\" 
mentionecl a büyo. more cümprehensive inyestigations from thc ,-je\\' 

point ot petrofabJ'ics \\'üuld be nccessary. 
The quartzite of Pieni LOllpimäki is a light-cüloUl'ed mediuJll

graineel val'iety anel contains hiütite. muscoyite and tOllI'maline . 
The long biotite seales para llel tü the axi:; of fo lding Hho\\' another 
folding ]lerpenc1iclllar to the same axi ·. The quartzite on the western 
slope of thc :;ame hill i:; light reddish . g lasRY anel ShO\\'H 110 bedc1ing 
01' megaseopie orientation. 

'rhe quartzite of Mieslahti (No. 1.J. on Map 1) is mediulll -grained 
anel light-eolonred. [t eontaills only a little museovite aH a minor 
eonstituent. The granoblastic quartz grains tlho\\' weak strain shadom..;. 
The small outcro]):; on the hore of the riyer ::\fiesjoki C'on:-;ist of a 
well foliatecl type. The strike is N. -4-5° E. aml the R-plancs stand 
in a vertieal position. 

15. KOLT. 

The teetonical position of Kali is seen Oll Map I C~o. 1 ö). In the 
teetonical longitudinal profile of ' Vegmann (1928) it is situated on 
the southern slope of the Nurmes eulmination , the tectonical axi" 
turning from N. to S. The 10eal oseillation at Koli range ' from .,1,00 S . 
to about 20° X. and again to 4()0 S. This rocky highland represent:-' 
the northernmost end of the Jatnlian quartzite zone of Karelia. 
The quartzite rests upon old gneissose granite, joining with it in 
northern , eastern and western directions. Consequently it represent,., 
a »bay» of the larger quartzite area south of Koli. Its tectonies are 
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characterized by over-thrusting movements from west to east. The 
<juartzite is mainly blastopsammitic \\'ith traces of a clastic strueture 
as commonly seen in the quartzites of the Jatulian type. Kyanite 
anel scarce sericite and magnetite are the common accessories. 

An analysis of this quartzite has been made hy Miss Bisa Sb\1l1-
berg and it shows the following result: 

Table XXIlJ. 

Kyanite-q uartzite, Koli, Juukn . 

~i02 ......... . 
Al 20 3 .....•... 

Fe 20 3 .. • .•...• 

]'cO ... . ..... . 
MnO 
MgO 
CaO 

0 / 
o 

S9. 3 'l 

6. 57 

1. 5 6 

0.50 

0.01 

0.00 

0.06 

~a20 ......... 0. 05 

K 20 ......... . 0 .;; 1 

Ti0 2 . .. . .•.. . . 0.10 

P20~ . . . . . . . . . 0.0 0 

H 20 + ........ 1.1 " 
H 20 - ...... .. O.H 

----
100.12 

:\fodc 
o 

" 
Quartz ........... 8±.:l 

Kyanite .......... 7. ~ 

Seücite .. . . . . . . . . . 5.0 
Magnetite . . ...... 2.0 

'iV ater .. . . . . . . . . . . 1. 0 
-----

100.0 

This allalysis of the kyanite-quartzite of Koli can be compared 
with the analysis of the f!illimanite-quartzite of Tiirismaa (p. 68). 
The chemical compm:ition shows a elose approximation hnt in the 
Tiirismaa quartzite the mineral of the formula A1 2SiOs exists in the 
stable form , wbile the same mineral in the Koli quartzite appears 
in a metastahle form. So far as ],yanite belongs to the stress minerals , 
this fact may indicate tbe different modes of deformation in these 
two quartzites , tbe Koli quartzite representing a type d.efonned. in 
a greater degree under shearing stress. 

In some places which have been subjected to sheal' a megascopical 
stretching is visible. So for instance north of Ukko-Koli an ollterop 
consists of the redelish, medium-grained quartzite, in \\"hich abundant 
kyanite occurs as accessory, showing a wen developed arrangement 
\\"ith its longest dimensional axis parallel to the 'b' of the rock (fig. 27). 
The strike is here N. 25° E. , tbe dip 65° W. and the stretch 52° S. S. W. 
Granulation of quartz grains i fairly perfect in thi locality (fig. 27), 

1001 , - :1 8 J:2 
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indicating that some movements have acted upon the quartz grainH 
after recrystallizationo As mentioned above, the tectonics of Koli 
are characterized by an intensive oscillation of the 'b' -axis. At this 
point the direction ofaxis 'b' deviates to the largest extent from its 
horizontal pm:ition, indicating folding movements here to have been 
more intensive than in neighbouring localities. The petrofabric 
analysis of this quartzite (D. Ko . 2) shows a well developed rhombic 
symmetry. The main maxima are situated near to 'a' in an 'ab'
girdle. 'c' is lightly occupied, the maximum showing an elongation 
in the 'ac'-zone and to a smalleI' extent also in the 'bc'-zone. The 
maxima lying symmetrically near to 'b' are weakly occupied. A 
girdle perpendicular to 'c' indicates a rotation round 'c' which has 

]Cig. '!.7. KyanitC'oquurtzitc of Koli. One Xicol and Nicols (")'OSSl' l1. :\[ai!n. 18 rliam. 

probably caused also the distribution of quartz poles in three sub
maxima instead of one main maximum in 'a'. A similar exchange 
of the rotation axis was observed in the quartzite of Pieni Leppi
mäki , Kiehimä. In Mieslahti another 'b' was parallel to 'a', but in 
both cases this girdle was in the horizontal plane, indicating that 
the axis 'bI' stands vertical. In the quartzite of Koli the direction 
of the rotation axis deviates from this direction about 25° (D.Ko. 2). 

The occurrence of kyanite in this place would seem to give support 
to Harker' s (1932) opinion that the kyanite is a stress min81al. Kya
nite occurs, hO\loever, also as veins filling tension fissures (fig. 28). 
Unfortunately, I did not see the occurrences in the field, but the 
investigation of thin sections of the veins and its wall rock shows 
that these veins were situated perpendicular to 'b' ami are thus real 
tension fif;sures and that the kyanite also in these veins is orientated 
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F'ig. 28. I\:y<tn it<, vl'in in t ht' CjuurtzitC' of :Koli. About 2/3 nat. s ize. 

parallel to 'b'. The quart;>; in these veins is coarse-grained, neal'ly 
glassy, and it shows a weil developed orientation with the vertical 
axis perpendicular to the walls of the fissures. The long columnar 
crystals of kyanite have been orientated in the same manner with 
their longest dimension perpendicular to the walls - as blastetrix 
anel consequently parallel to 'b' of the tectonite (fig. 29). 

Fig. 29. K yanite -bearing quartz yein. 
K oli . lVfagn. 8 d iam. 



III. GENERAL OUTLINE OF THE PETROLOGY OF FINNIRH 
QUARTZITES. 

A. URA)'"lTTZATJQ).". 

In the areas more cloEely inyestigated in <:onncction \\"ith thc 
present work granitization of quartzites ha:; taken pla<:e mainly in 
some quartzite areas of Ostrobothnia and \Vestern Lapland, wLile 
the quartzite areas of t;outh and East Finland haye faid,)" "'ell e:-;eaped 
this process. 

As describecl earlier in conne<:tion ,,·ith thc general geological 
outlines the eharacter of the granite:; " 'hieh J1<\,\,e penetratcd thc 
(juartzite:; I:; different in yarious (juartzite areas. In the Sinlsiö area 
c:ontacts behreen granite and quartzite are "i:-5ibJe on 1,)" in a fell 
places. as tbe outcrop::; on the border::; anel at thc ends of the , im;;iö 
hill are fe\L The outcrop:; occnr abundantly in that part of the aren 
\\"hich Map IIJ comprises. Both encls on Map LI are dra\\"ll acconling 
to the strike of the outcrops of points 17 anel:2:2. 'r he :-5111all granite 
:;tocl{s consist of the 'ame biotite-granite a:-5 the larger surrouneling 
granite-mass anel tlicy have probably the same origin. 'file small 
masses are elongateel parallel to the sehistosity aJ1(] felelspat grain;; 
generally occu}" in quartzite near to the contaet, hut not else\\"here. 
These granite mas 'es have intrurleel illtO tlIei1' present pOflition,.; 
"'ithout distur'bing the strike of the surrouncling quartzite. 

Jt is especially this Cirf'Ulllstanee that flUggests the idea that the 
granites of the small lenses had been brought to their present positions 
with respect to the quartzite by a process of whole:-;ale replacement of the 
latter, just as skarn is supposeel to have originated from ]mre li mestonc. 
One might suppose that the granite masses of t;imsiö as \rell as tlie 
accumulations of the manganese mineral::; anel cliopsicle " 'olllcl be of 
a similar origin in connection with the metamorphie processef;. Theü' 
occnrrences ami shapes, however, are different anel. in my opinioll. 
prohibitive of such an assumption. Also the facL that felelspars are 
not met with in the guartzite far from the contaet zones indicatef; that 
t he sandstone, previous to the metamorphism. has been quartzitic. 
not arkosic. as it apparently has been in Käl"iä anel probahly al,.;o 
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in the quartzite al'eas of We::;tern Laplanel , where felelspar commonly 
appears as grains among the quartz-grains. In Simsiö the accumulateel 
minerals occu1' in larger 01' smaller degree also as elisperseel grains. 

Other quartzite occurrences in South Ostrobothnia also consist 
merely of quartz anel elo not contain felelspar. In contrast to what 
is the case at Simsiö, these sm aller lenses have not been penetrateel 
by granites . As we can see on the maps, these smalleI' quartzite a1'eas 
are usually sur1'ouneled by amphibolites anel in a few cases by mig
matites. A prima1'Y contact between granites anel quartzites is found 
only in the Simsiö area, anel he1'e the granite has penet1'ateel the 
quartzite as weIL as the other rocks, viz. amphibolite anel migmatite 
(Map II). In Laihia the amphibolite contains occasionally narrow 
bands of gray-coloured gneissose biotite-g1'anite, while such bands 
are not met with in the quartzite. The quartzite occurs here as weU 
a,s in Orismala completely surrouneleel by amphibolites. These small 
lenses have accordingly nevel' been larger than they are now, anel 
no granitization 01' migmatization has taken place in them. The 
quartzites of Vittinki , Nurmo , anel Lapua join in places with mig
matites. In these cases one can suppose that they might have 
been partly destl'oyeel in the general migmatization. In Lapua 
this possibility may be true. East of the quartzite areas there occur 
small rusty lenses among migmatites . The rocks of these consist of 
coaI'fle-graineel quartzite alternating with phyllite. The easternmost 
of these rocks is founel about six kilometers east of Lapua anel this 
quartzite contains me-minerals anel spessartite in the same manner 
as the Simsiö qnartzite. The rock is altereel, as it contains mica anel 
fe lelspar , together with the general minor constituents present in 
the SimRiö quartzite. 

Accoreling to the facts mentioneel above one cannot speak about 
a general granitization 01' migmatization of quartzites in South Ostro
bothnia. Rather it seems to me that the quartzite areas in general 
are weH preserveel anel where they have been destroyeel there are 
generally traces of them left. Granitization has taken place where 
granites have been intrueleel into the quartzites, but only in narrow 
contact-zones anel these granites have penetrateel the continuous 
rocks in the same manner. Consequently, granitization here elepends 
upon the local circumstances anel not upon the character of the rocks . 

In Kälviä the penetrating granite consists of a pegmatitic variety 
containing muscovite anel dark-coloured tourmaline. The same 
pegmatitic granite has penetrateel also the surrouneling migmatite, 
for instan ce at point 5 in fig. 17, where it is seen in the surface of 
the migmatite rock as an irregular continuous mas::; . HR occurrence 
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in the quartzite is more abundant and more discontin uous. It is 
found here in more 01' less extensive masses 01' stocks , in beds anel 
bands, the latter appeal'ing usually in connection with the masses. 
The granite has evidently met with less resistance in the quartzite 
than in the migmatite. 

The feldspar occurring in the quartzite consülts m ainly of pJagio 
clase (20- 25 % An) but in the granites microcline is the main 
component, the plagiocIase having the same composition as that 
in the quartzite. At point 3 (fig. 17) the rock eonsists of plagiocJa:-:e 
(30 % An) , microcline, quartz , magnetite . sphene. biotite, and mus
covite. Thus microcline here occurs together with plagioclase. Thi" 
rock is gray-coloured and shows a bedding similar to that of thc 
common quartzite. East of this place, at point 4, the rock has the 
same components and in addition abundant diopside. The plagio
clase is richer in anorthite, viz. 60 o ~ An. Both these rocks as " 'c ll 
as the quartzite have probably a sedimentary origin, but their COIll 

position shows an approximation to gneisses containing abundant 
microcline and plagioclase. Under the microscope an eYidence of the 
sedimentary origin is seen in the impure cementing matrix aroulld 
the rounded grains. The feldspar is he re the majm component, quartz 
appearing in smaller amounts, and the occurrence of diopside in
dicates the former presence of calcite in the arkosic sand from whieh 
this gneissose rock has probably originatecl. In this case the sediment 
ary origin of the gneiss can be established with certainty , but sholild 
metamorphism have obJiteratecl all traces of the cJastic structure 
the determination of the origin of the granite derived from it \.\ColLid 
be more difficult. The pegmatitic granite in Kälviä contains t O ll/' 

maline, belonging evidently to juvenile granites. 
Quirke (1927 , J 930) and Collins (Hl30) have e1escribed the mig

matization and granitization of the quartzites of the Killarney aren 
in Ontario . Th e Killarney granite con tains quartz grains of origina I 
clastic quartzite anel they in crease in number \"hile the rock graelually 
passes over into quartzite (the Lorraille quartzite). A gradual passage of 
this kind from granite into quartzite is coml11on in the pegmatite 
masses of Kälviä. Here the granular quartz of the contact-zones 
has been replaceel by scattered feldspar grain s. sparingly at first 
ancllatel' in incl'easing amounts. The assimilation of feldspar during 
magmatic intrusions is clear in both cases. ln K illarney this process 
of metasomatism has been enormous in ex tent , but in Kälviä as \\'e ll 

elS in Simsiö it has taken place only in narrow contact-zones . 
In \Vestern Lapland \\'e have, however. granites " 'hose origin 

Illay be either sedim entary 01' juvenile. 1n the exp lanation of theil' 



Anna Hieta71en: On thc l'e t rology of FiDDish Qual'tzitcs. !j,j 

origin only the occurrence itself can provide some evidence, as there 
appear no minerals in their composition which could give any hint 
about their origin. In the quartzite of Kälviä, plagioclase is mainly 
present in the quartzite, while the feldspar of the granites is mostly 
microcline. In West.ern Lapland, on the other hand, microcline occurs 
in quartzite as weH as in granite masses; no minerals containing 
volatile components are found in granites and no traces of clastic 
structure appeal' in that feldspar which occurs in the quartzite . Only the 
scattered occurrence of feldspar grains may be a reminiscence of 
sedimentary origin, while the external forms of the granite stocks, 
masses and bands indicate their closer approximation to the injected 
granites, being similar to these of t he injected granite n1asses in 
Kälviä. 

The quartzite area in J yppyrä differs in some respects from the 
other quartzites in Western Lapland. Together with the pegmatitic 
variety there occurs another granite which contains abundant mica 
and forms gneisses 'I'ith guartzite in the con tact zones. This gneissose 
granite has »injected» the quartzite so perfectly that only a few narro\\" 
lenges of pure quartzite are now present. The same variety of quartz
itic gneisses which appears upon Jyppyrä is common in extensive 
areas around it. Feldspar occurs in the gneiss in the same manner 
as in the quartzite, only being more abundant. The content of An 
is also the same, viz., from 20 to 25 %. Mica is usuaHy present more 
abundantly in the gneiss. The .J.!lagioclase of the granite masses of 
Jyppyrä differs from the former in one respect: alteration into 
:-;ericite has not taken place. Thus these granite masses are probably 
jntrued, being pegmatitic and similar to the corresponding masses 
in Olostunturi. In contrast to these, the gneisses show eloser 
approximation to the quartzite rich in feldspar, only containing 
mica and feldspar in greater abundance. They seem to have been 
formed from arkosic sandstones, the content of feldspar varying 
trom point to point. This variation may be partly due to the original 
sedimentation - when it occurs on a large scale - and partly to 
the segregative processes during deformation. The alignment of the 
felds par grains in the guartzites is comparable with the formation 
of the granitic veins in t he migmatites by metamorphic differentiation. 

Thus the quartzite areas of South Finland and most of those 
occurring in South Ostrobothnia are generally well preserved against 
granitization . In those areas " ' here granite masses have intruded , 
as for instance in the Simsiö area, they have penetrated the quartzites 
but they have penetrated also the country rock,. The feldspar in 
the quartzites of Kälviä and Western Lapland 1S of a Redimentary 
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ol'igin. 'file original sandstone ha ' been arkosic. Pegmatitic graniteD 
hase illjecteel these quartzites as weH as the country rockR. Thc 
Cillartzite areas of Central Karelia differ in this respect from the firRt 
mentioneel Karelidie qnartzites: penetrating granite yeins a.re here 
\ 'e1'.\ ' 1'a 1'(>. 

13. PRTROCHK\I1STHT. 

In the Pre-Cambrian of Finlanel there are t \\'O genetü:ally different 
kinds of quartzitic rocks, viz. metasomatic anel sedimentogeneow'l 
I'ocks. The former are aD a rule conneetecl with sulphidic ores. The 
1ll0Dt important representatives of thiD group are the so-ca lied ore
quartzites , occurring in connection with the copper ores of the Ori
jäl'vi type (Eskola .L!'J L-l), and also wielely clistributecL in C'entral 
S\\'eden, e. g . at Falun (Geijer L916). They are characterizeel by 
nnthophyllite anel corelierite. The other group of metasomatic quartz
ites inclueles the sericite quartzites which contain many pyrite-cleposits 
in East Finland, such as those of Otravaara ( 'axen-Saksela 1923) , 
Karhunsaari (Saksela 1933 a). anel also the famous auriferous sulphide
deposits of the Skelleftea al'ea in Sweden (A. Högbom 1928). These 
anel other metasomatic quartzites are not considereel in this memoir. 
wbich is concerneel only with truly seclimentogeneous qual'tzites. 
Th e petl'ofabrics o{ the metasomatic quartzites sti ll remain to bc 
investigated. 

Thus aH the quartzites no\\' investigateel ha\'e been {ormed frolll 
sandst.ones anel exhibit the 'ame variations and intermediate grada
tions in chemical composition as are observed in the sandstones. 
'fhe metamorphie derivatives of sandstones sho\\' a larger cOll1plexity 
in their mineralogical composition. as the same cement of the sanel
»tone may under different conditions of metamorphi sm form differ
ent produets. Sandstones have been derived {rom Rands, anel theil' 
eementing minerals consist of other subRtances " 'hich could be de
positeel in a rclatively insoluble condition. such as silica. hydroxideR 
of iron, manganese and alumina, anel carbonates o{ calcium. mag
nesium, manganum and iron, and further calcium sulphate, phoR
phate, etc. Cla~' and bituminouR substan ceR are also common in thc 
cements. At elevated temperatul'es anel under lügher pressures thc 
eement l'ecrystallizes. 01' reactions bet\\'een the (;elllent anel the quartz 
grains generate another class of mineral species. So me minerals ma.v 
undergo the normal hydrothermal alteration; feldspar. for instance . 
often cbanges into ser·icite. 
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According to the chemical composition of the minor constituents 
the following seven main groups can be distinguished. Most of them 
are common among the Finnish quartzites. 

Quartzites containing: 

1. Aluminium silicates. 
2. Potassium-aluminium silicates. 
3. Calcium-aluminium silicates. 
4. Magnesium-iron-calcium silicates 01' carbonates . 
5. Magnesium-iron silicates 01' carbonates. 
6. Calcium silicate 01' carbonate. 
7. Graphite. 

1. Among aluminium silicates sillimanite is the most common 
minor constituent in the quartzitic rocks. The quartzite of Tiil'ismaa 
(see p. 68) for instance contains abundant sillimanite and only little 
of other mi.nor constituents, and consequently it represents a very 
pure member of the first group. In the Karelidie zone sillimanite 
quartzites are found e. g. in the hill Rovavaara, in the parish 
of Salla, described by Hackman and Wilkman (1929). The green
coloured quartzite occurs here as fragments within a rock consisting 
of a quartzite and of a granite rich in quartz and bi.otite. Quartz 
grains in the quartzitic rock are elongated parallel to the sohistosity, 
and fibrous sillimanite is seen arranged in bunches between them. 

Together with other minor constituents sillimanite occurs com
monly in several quartzites of the Karelidic zone, as for instance in 
the quartzite of Olostunturi described in this paper. Hackman (1927) 
has described a crystalloblastio siUimanite-quartzite found as pebbles 
in a conglomerate from the western slope of the hili Petäjänmaa. 
Kolari. 

Wilkman has described sillimanite-quartzites from the north
eastern slope of the hilI Pieni Neulamäki, and on the western slope 
of the hilI Suuri Neulamäki, Kuopio. In the former sillimanite occur" 
as bunches of long needles usually enclosed in the the quartz grains. 
In the quartzite of Suuri Neulamäki the sillimanite appears mainl~' 
between the granoblastic quartz grains parallel to the schistosity. 
Muscovite and hematite ocour in small amounts. Sillimanite occurs 
also in the quartzite at Korsunmäki. Kuopio , together with muscovite 
and a small quantity of ore grains. Feldspar is founo as a minor 
C'onstituent in this rock (Wilkman, 1923) . 

The quartzite of Koli contains anothel' mineral of the same fol'
mula, A1 2Si0 5 , vii<;., kyanite (p. 89). 

I !)1I1.- :1 8 18 
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The third Al 2Si0 5-mineral , andalusite, has only been met with 
together with other minerals rich in alumina. such as muscovite and 
biotite. Ffackman and Wilkman (1929) described such a quartzitic 
schist from Kuolajärvi. on the bank of the river Kirintöjoki. Tour
maline, microcline and zircon appeal' as accessories in this dark-gray 
rock. The andalusite is seen as light points on the fresh surfaces 
and as pits on the weathered surfaces. 

All three A1 2Si05-minerals must have been derived from hydrous 
silicates of aluminium, such as kaolin , H 4A1 2Si20 o, etc. , which are 
present in clays. All these silicates break down into mixtures of 
Al

2
Si0 5 and Si0 2 in comp lete dehydration. Andalusite mayaiso 

form by areaction between muscovite and chlorite, as described 
e. g. by K. Dalmer (L897). A phyllite containing muscovite and 
chlorite has been transformed by contact metamorphism into a biotite
andalusite schist. 

Probably still more important is the possible formation of so me 
of the aluminium silicate mi.nerals from the muscovite (01' sericite) 
which, in turn, may have been formed from ]Jotash feldspar by hydro
thermal alteration, often in connection with deformation. This is 
important, as by means of such a process an excess of alumina may 
originate without weathering differentiation (Arno 8eh iHler 1936). 
Aeeording to SchüIler, eertain sericite-gneisses i.n the Fichtelgebirge 
have been thus formed du ring })epizonah) metamorphism according 
to the equatioll . 

3KAlSi30 ~ + H 20 > H 2KA I3Si30 12 + K 20 + 68i0 2 

Ort hoc lase Sericite Alkali in solution 

Later contaC't metamorphism has changed the serieite into potash 
feldspar and andalusite or sillimanite: 

H2KAl3Si3012 + 8i0 2 -,>- KAlSi 30 R + Al 2SiO j + H 20. 

lt is not quite impossible that such areverted double metamorph
ism could in part be responsible for the origin of sillimanite in 
the microcline-rich sillimanite-quartzite>, of Western Lapland; a 
definite decision in this question would however requll'e more ex
tensive petrographical studies than could be carried out in this work. 
besides ehcmical analyses. As for the sillimanite quartzites of 80uth
west Finland. such as Tiirismaa, 01' the kyanite-quartzite of Koli. 
this explanation seems to be barred, as the quartzites are quite devoid 
of potash feldspar. 

The formation of one 01' another of the three isomeres is dependent 
upon the conditions of metamorphism. As all three modifications 
of A1

2
Si0

5 
have different specific gravities , viz. andalusite 3. I .• . 
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sillimanite 3. :l-!, and kyanite 3.6 J. pressure must exert a considerab le 
influence upon their formation , and also temperature, as kyanite 
and andalusite are convertible into siJIimanite at high temperatures. 

2. If potassium has been present in tbe cement containing hydrous 
silicates of aluminium, the metamorphic rock is likeJy to contain 
mi ca which, also, may have existed already in the clay. Väyrynen 
has described sericite quartzites of Kainuu anel according to his 
opinion the sericite here has been derived from kaolin by addition 
of K 2ü from percolating so lutions. (Väyrynen Hl28 p. 34.) The 
sericitization of feldspar is a common process in the metamorphism 
of igneous as weH as sedimentary rocks. Accordingly the mica may 
originate also from feldspar. This must have been the case in severai 
quartzites , for instance in Taaliklmla anel in Western Laplancl. 
However, feldspar is usually still present, being only partly altered 
into mica. No traces of feldspar are found in the pure sericite-quartz
ites of the Kainuu district, . a fact supporting the idea that thpir 
sericite has been formed from hydrous flilicates of a lumi.nium . 

The sericite quartzites of Yllästunturi. MUOllio, Kallovaara and 
Pittionvaara, Sodankylä (Hackman L927 p. 60) contain fuchsite. 
The quartzite of Yllästunturi has partly a clastiC' structure and con
tains tourmaline and zircon as accessories . The occurrence of chromium 
in these quartzites is difficu It to explain. If the forming of sericite 
ha taken place so that the original quartz sand has been argillaceous 
anel ]Jotassium has been present in percolating solutions (Clarke 1924 

p. 622) the idea that the chromium has been associated with potas
sium in these solutions is not far out. but it is not easy to see whence 
thp chromium has been derived. Tn all the localities mentioned 
this fuchsite-quartzite occurs together with a dark coloured mica
schist and belongs, according to H ackman. to the lower quartzite 
zone. The muscovite-bearing quartzite of Pieni Kangaslampi, Kuh
moniemi. (Wilkman L921) conta,ins becls in which fuchsite is met 
with. The fuchsite here seems rather to be a product of l'e
crystallization of weathered chromium-hearing minerals origina ll.v 
presen t in quartz flan cl . 

The quartzites of \~'estern Laplanel contain mainly feldspar as 
a minor constituent and thi · feldspal' is micrücline. If plagioclase 
is prespnt it has genera ll y a lterecl into sericite . Consequently t hese 
quartzites represent almost pure members of the KAI-silicate qllartz
ites OI arll:osi(' origin. The a lteration of the plagioclase into sericite 
is not easy to exp lnin. Clarke ( L924 p. (05) assumes that if both 
alhite and orthoc lase are present the potassium feldspar first forms 
sericite according to the follo\\'ing eq uation: 
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3KA1Si30 S + H20 ~,KH2AI3Si3012 + K 2Si03 + 5Si0 2 

alld the derived potassium "ilicate thereupon reacts upon the albite. 
forming potassium mica without paragonite. 

This re action demands a high temperature and pressure. If ca)"
bonated water is present the reaction is as follow,:: 

3KAJSi30 S + H 20 + CO 2 = KH2A13Si3012 + K 2C0 3 + 6Si0 2 
'l.'he potassium carbonate forms potassium silicate with one molecule 
of the liberated silica, and the CO~ set free ean assist in further altera
tion of feldspar. The occurrence of cal('ite together with sericite 
seems to indicate that carbonated solutions have heiped the reac
tion. If only plagioclase i8 present its a lteration is jlos8ible in the 
presence of potassium-bearing solutions, \\"hich exchange aikalie with 
the sodium compounds. In the quartzites of Western Lapland the 
microcline is not altered at all 01' only in ver}' small amounts, but 
plagioclase, as descl'ibed above. is at the J.lresent time almo"t 
completely substituted hy sericite. In this case the potassium cannot 
have been derived from microcline: consequently it nmst have been 
present in solutions and have caused the change of the pI agioclasE' , 
the microcline remaining intact. In accordance herewith , we can 
speak about potassium meta80matism in "'Vestern Lapland <lnd also 
in the Kainuu distl'ict. The process coulcl be compared to. though 
contrasting with , the soda metasomatism in the Stavanger-clistrict 
described by Goldschmidt (1921). Befor'e metamorphislll the sand
stones were arkosic in Western Lapland aJ1(I argillaceous in Kainuu. 
Potassium-bearing solutions ha\-e been present i.n both districtl::i. 
transforming albite as wen as kaolin into sericito. Where oaloite is 
found together with sericite, as for instance in Selkie. Kontiolahti , 
the sericite may be derived from feldspar as well as clays. 
In this district, however, carbonates are common, and occasionally 
very abundant in quartzites. Hadding (1929, p. 19) has found calcite 
to be common in the cement of the argillaceous sandstones. In meta
morphism such a sandstone should form a quartzite of the Kontio 
lahti type. 

3. When the plagioclase of the arkosic quartzites is rieher in 
anorthi.te, it may undergo an alteration into epiclote, zoisite. 01' clino
zoisite. 1'he transformation is common hut not complete. Clarl;:e 
(1924 p. 606) presents the following reaction: 

NaAlSi30 s + 4CaA1 2Si 20 s + 2H 2Ü = 

Albite Anorthite ' Water 

2CazHA13Si3013 - H 2N"aA1 3Si30 12 + 2SiO~ 
Zoisite Paragonite Qual'tz 
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and points out that the variation in the cOTIlposition of the feldspars 
and othe1' teacting substances in solutions complicates the reactions. 
The presence of potassium feldspaT canses the forming of muscovite 
instead of paragonite. 

In the Pre-Cambrian of Finland clinozoisite and epiclote occur 
plentifully in two quartzite areas of 80uth-west Finland, viz. the 
clinozoisite in tbe quartzite of Kälviä and the epidote in that of 
Tiirismaa and Taalikkala. In both districts it has probably been 
produced from feldspar , which is abundantly present and consists 
mainly of plagioclase. 8ericite occurs as another product of the trans
formation of feldspar and it appears , together with clinozoisite and 
epidote, also as an aggregate stillshowing the external shapes of feldspar 
grail1fl. Clinozoisite and epidote have been recrystallized, appearing 
as comparatively large grains between the quartz grains. Both these 
districts have been metamorphosed at a lower temperature, the 
quartzite of Kälviä sbowing a granoblastic structure and the rock 
in Taalikkala being distinctly blastopsammitic. 

In the epidote-quartzite of Tiirismaa epidote OCClU'S very abund
antly and in the same manner as in the former areas. Muscovite 
and chlorite are common minor constituents. A few aggregates 
consisting of finer-grained epidote and muscovite still show the 
extern al forms of feldspar grains. 

4. The large number of (Mg,Fe ) Ca-silicate minerals causes a 
diversity of types of quartzite in this dass. In most cases they have 
been derivecl from dolomitic sandstones and the rocks vary according 
to the degl'ee of their metamorphism a,m1 to the charactel' of their 
other C'onstituents. All degrees of metamorphism can be observed 
in the Finnish quartzites. Dolomite-bearing quartzites are common 
in Kainuu, for instance, in Melalahti and Kiehimä (Wilkman 1931). 
The glassy quartzite of Melalahti contains, besides a dolomite cement, 
only a few pyrite grains. 'fhe quartz shows strain shadows. In the 
quartzite of Kiehimä mica and zoisite occur together with dolomite. 
A dolomitic quartzite from 8uojärvi shows a clastic structure, the 
dolomite occurring as cement between rounded quartz grains. 

In the Kainuu district the tremolite-quartzite ha3 been met with 
for instance in Paltamo, Melalahti . in the Kainuu region , where 
Professor Eskola has found a blastopsammitic variety which contains 
abundant tremolite as long needles bet\\'een the quartz grains. Hack
man and 'Wilkman (1929) have described a glassy quartzite near the 
farm Maa,ninlm. Kuusamo , containing green-coloured aggregates of 
tremolite. The tremolite has evidentl.y been formed by the reaction 
oI silica upon dolomite. which is common in the qnartzites of the 
neigh bouring districts. 
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Diopside belongs to a lligher grade of metamorphism of the same 
series. Its occnrrence as lenses and beds in the quartzite of Simsiö 
shows the last member of the dolomite-quartzite series wh ich begins 
with the clastic clolomite-quartzite. These dolomite-quartzites have 
been derived from sandstones in wh ich the cement consisted of cal
cium and magnesium carbonates. 

The quartzites of the Karelidie zone generali)' contain dolomite 
emd also the limestones here are dolomitic. In 00ntrast \\"ith these 
components the quartzites of ~outh-west Finland sometimes contain 
diopsicle 01' wollastonite. 

The stability relations of carbonates and silicates in limestones 
and quartzites clerived from carbonate-hearing sandstones are ap
parently as folIows. At the lowest temperatures quartz and dolomite 
a,re stable together. The follO\ving equations show the foul' known 
reactions wh ich take place between qua1'tz and dolomite 01' calcite 
at successively lJigher temperatures (Eskola l!=J 19, 1922): 
1.<-
2._, 8Si0 2 + 5CaMg(C0 3 )2 + HzO=H 2CazMg5SiROz , 3CaC0 3 + 8C0 2 

quartz dolomite water tremolite calcite 

3. 2Si02 -L CaMg(CO:~)z-> CaMgSi20 + 2C0 2 

guartz dolomite diopside 
-1- . Si0 2 + (:aC0 3-,CaSi0 3 + C0 2 

quartz calcite wollastonite 

The first reaction occurs at the lowest tempel'aturc allel the fou]'th 
at the highest one. 1n Sonth-west Finland some diopside OCCUI'S. 

generally together with \\'ollastonite , fol' instance in Kupan;aari. 
According to these foul' equations thcre are foUl' kinds of carbonate 
rocks and quartziteH occurring at different temperatures of meta
morphism , \' iz.. I) clolomite-quartzites. 2) tremoJite-guartzites, 3) 
diopside-quartzites, and -t) wollastonite-guartzites. Consequently we 
have here a geological thermometer whose inclications of course also 
depend ulJon pressure. 

According to Hadding (1929. p. 22) ir on carbonate FeCO:l is a 
common cement mineral in sandstones. The oJ'igin of siderite ma,V 
be analogous \\'ith that of ealcite , viz. by direet precipitation from 
the solution of bicarbonate. 0]' it may have been formed through the 
replacement of limestone by iron (Twenhofel 1926, p. 33]). Fossils 
consisting originall.v of calcite are frequently now composed of li 
monite , a decomposition product of the siderite. Siderite is easily 
oxidized to limonite by soluti.ons of aquatic vegetation . so that the 
deposit formed is not carbonate. but hydroxide. Ferrous carbonate 
is consequently more unstahle than calcite and magnesite. Retween 
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all these carbonates there are many transitional mixtures , and the 
ankerite CaFeC20 6 , isomorphou with dolomite , occms usually 
together with the manganese carbonate, MnC0 3, and other car
bonates, for instance in the siderite deposits of Penohee ctistrict, 
Michigan (Clarke 1924, p. 583). 

In the metamorphism al l these carbonates react upon silica, form
ing different mineral species according to the character of the mixed 
salts and to the temperature of metamorphism. 

Some iron is commonly present in these minerals. lf the conte nt 
of iron is more considerable we have a quartzite containing horn
blende. Such quartzites are known from Degerö, Helsinki, and Väli
vaara, Pallastunturi ; in both cases the hornblende has a metasomatic 
origin. In South Ostrobothnia we have, however, several quartzites 
",hich contain minerals rich in iron, together with calcium, mag
nesium and manganum-bearing minerals, 01' the rock may contain 
only one iron mineral , as in Nnrmo. In the Simsiö quart7.ite diopside 
is most common, but rhodonite and pyroxmangite a lso OCCUl' in 
abundance. Hornblende and grünerite are found in small amounts, 
the latter together wjth the iron-manganese minerals. The common 
occurrence of diopside indicates that Ca- and Mg-carbonates have 
deposited with quart7. sand, building the dolomitic cement of the 
sands tone derived from this sand. Apart of the iron has probably 
been deposited as siderite together with the manganese carbonates. 

lron and manganese are dissolved and es cape from the rocks by 
the same reagents at the same time ' and they are redeposited nnder 
similar conditions. A more 01' less perfect separation of these elc:qtents 
is, howeve1', effecten during the early stages of diagenesis, manganese 
remaining lUuch longer in solution as bicarbonate than iron noes. 
This kind of separation has evidently taken place in the manganese
iron ore deposits of Macskamezö (Kossmat u. C. von John 1919, 
Quiring 1919) and India (Hezner 1919, FermOl' 1919) . The manganese 
is eventually deposited as carbonate in different places than are the 
iron hydroxides. During the metamorphism manganese and fer1'ous 
carbonate have reacted upon silica, building silicates, whereas iron 
oxides and sulphides have recrystallized uncombined. In the course 
of deformation the minerals were accumulated in different positions. 

In Vittinki these two substances occur weIl separated in neigh
bouring portions of the rocks and the separation is seen also in the 
composition of the minerals. The1'e occur, namely, nearly pure man
ganese silicates together with iron oxides. 1'0 what extent this sep
arated occurrence of iron and manganum in these rocks is a func
tion of an original layered mode of deposition and to what extent 
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it is the result of segregative changes during metamorphism is difficult 
to state . 

]n Simsiö iron amI manganum oceur, hüwever, as components 
oi the same minerals , viz. of pyroxmangites and ferroferous rhodonites, 
their ratio being variable in different points. One might suppose 
that the presence of other carbonates had made iron oxide able to 
react upon Rilica, but as this rea<;tion has taken iJlace neither in Vit
tinki nor in othel' localities whieh are comparable with it , the assump
tion that iron-rich manganese minerals are derived from mixtures of 
siderite, rhodochrosite and some ('a lrium and magne. ium carbonates 
eems more probable. . 

Aecordingly onl.\' apart oi the iron has been precipitated as hydr
oxides while togetller with manganum another part is carrieel farther 
in solut ions as bicarbonates, and both are then depositecl in the same 
localities as carbonates. The C0111mon occunellce of the grünerite 
in the manganese mineral accumulations affords evidence in favour 
of the same explanation. But no \I ' \\'e must l'emember that iron
rich silicates, such a u:on-hypersthene and grüneritc , a lso occur in 
Vittinki, If the ir on si licates are formeel from siderite, this mineral 
here must have been eleposited in different places than has been the 
case \\'ith the manganese carbonate, 01' the reaction between these 
two may be possible only \\'hen lime is present. As noted in the de
scription, lime is common in the Simsiö , but negligible in the Vit 
tinki quartzite. The reartions between calcite anel iron \\'ere noted 
as having taken place so that iron solutions l'eact upon calcite, and in 
such cases this re action should have been complete in Vittinki. If 
so, siderite is formed by this reaction, anel we have in any case a 
mixture of the carbonates befol'e the high temperature metamorphism. 

5. Concerning the formation of grünerite the same eliscussion of 
the origin of siderite is proper. The most probable assumption no doubt 
is that the grünerite has been formeel trom siderite . In the quartzite 
of Nurmo the grünerite occurs as a cementing mineral between still 
rounded quartz grains. It has eYidently been derived from the ce
menting material of the original sandstone. In metamorphism this 
siderite then reacteel upon si lica, forming grünerite. Iron hydroxides 
generally do not seem able to reaet upon silica. Instead they are 
transformed into oxides. As mentioned above, also siderite may alter 
into hydroxide in the presence of oxygen, so that the original content 
of this carbonate may have been larger than indicated by the present 
amount of grünerite. Magnetite is always a common constituent in 
the grünerite quartzites and this iron oxide may have originated 
from siderite by means of oxidation as weIl as from iron hychoxicles. 
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Ferruor and Hezner have given a number of l'eaetion equations 
whieh show the equilibrium relations between manganese, siliea, 
carbon dioxide. and manganese silicates at different temperatuJ'es. 

At the lower temperatures the following assemblages are stable: 

MnS0 3, Si02, MnSi0 3, 

MnC0 3, Si0 2, CO 2 • 

anel at higher temperatures 

MnSi0 3 , Si0 2, CO~ , 

}fnSi03 , MnC0 3 , 00 2 

oecur instead of the former. Tephroite is formed at still lligher tem
peratures aeeol'ding to the following equations: 

MnC03 + MnSi0 3 -.: MnSi04 + CO 2, 
MnO + MnSi03 -+ Mn~Si04 ' 
2MnO + Si0 2-+ Mn2Si04. 

The ehemieal eharacter of iron is in many respects eomparable 
with that of manganum, but the reaetion of FeO upon siliea generally 
does not oeeur. The formation of grünerite may therefore be supposed 
to take plaee aeeording to the following equation: 

7FeC03 + 8Si0 2 + H 20 ...... H2Fe7Sis024 + 7C02 
At the highel' temperature the il'on-hypersthene would probahly he 
formed aeeol'ding to the following equations: 

]. FeC03 + Si0 2-+ FeSi03 + CO 2 
2. H2Fe7Sis024 -> 7FeSi03 + Si0 2 + H 20 
3. H2Fe7Sis024 + FeC03-. 8FeSi0 3 + CO 2 + H 20 

Oonsequently the siderite-quaJ'tzite is stable at the lowest tempera
tures. Grünerite-quartzite is eleriveel from it by one elegree higher 
metamorphism, anel quartzites eontaining iron hypersthene charaeter
ize the metamorphism of the highest temperature . In Vittinki iron
hypersthene anel tephroite oeeur together with grünerite anel rhodon
ite, showing that the metal110rphism has taken plaee at fairly high 
tel11peratures. Aecording to this the l11etamorphisl11 of the Sil11siö 
quartzite has been one clegree loweJ'. as here neither iron-hypersthene 
Bor tephroite has been found. 

Grünerite is eommon in the quartzite areas of South Ostrobothnia, 
being most abundant in Nurmo, where calcium anel manganum are 
absent. In the quartzite of Laihia it is also a minOl constituent, 
besides the iron ores. It is rare in Simsiö, oeeurring, however, some
times together with the pyroxmangite. In Vittinki it has been founel 
together with the iron-hypersthene. 

In the quartzite of Tiirismaa magnetite and hematite are fai.rly 
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common, alld no iran silicate mineralfi occur. In this case the original 
sand has apparently contained iron and aluminium hydl'Oxides. the 
latter having reacted \vith silica forming sillimanite. In Taalikkala 
corundum occurs in quartzite. Consequently the aluminium oxide 
has not here reacted upon silica, a fact which indicates a fairly low 
grade metamorphism. 

When limonite has been present afi cement in sandstone. mag
netite has been derived from it by dehydration ami partial auto
reduction. In this case the quartzite contains only magnetite a::; a 
minor constituent. In Laihia magnetite occurs as dispersed grains 
between the quartz grains, and other minor constituents are very 
few , only a smal! amount of grünerite being present. Some iron is 
probably deposited as siderite. but the main part is depositeel as 
hydroxides. 

Quartzites containing bands rich in iron ores ha\'e been de 'cribed 
by Hackman (1925 and Hl27) from the Porkonen and Pahtavaara 
districts in Kittilä-Lapland. These iron ores c:onsist mainly of mag
netite and some hematite. Magnetite occurs as very fine-grained 
aggregates as well as coarse-grained crystals. Apatite ancl carbonates, 
probably calcite (dolomite) and siderite. occur as minor constltuents 
in these quartzites. These quartz-baneled iron ores and a 'sociatecl 
»jaspilitic» quartzites belong to a well-known type distributed all 
over the world. In America they are known under the name of the 
»iron formations» (W. H. C'ollins L928). 

Magnetite as placers trom original shore-clevosits is not rare in 
the sedimentogeneous rocks of Finland. For instance in Mauri , Suo
nierni , magnetite grains are seen in arkosic gneiss (»leptite» of J. J. 
Sederholm 1897) lying in bands par<l.lIel to the schistosity <I.nel hay
ing evidently been concentrated in these places in the original sand 
of the shores. The gneisfi from Someronvuoret. on whieh Sander 
carried out a petrofabric analysis (cf. p. 10). belongs to the same 
arkosic gneiss. 

fron oxides as weH as sulphides are extremely common in quartz
ites anel their deposition has taken place in waters Rilnultaneously 
with the sand deposition as described earlier. 

6. Even though calcite is the most common of all carbonates. it has 
seldom been found to exist as pure in quartzites. It is usually accom
panied by other carbonates 01' clays, whichin subsequent metamorphism 
have formed other minerals and not wollastonite, which should oceur 
if the lime was pure. In Finland some calcite-bearing quartzites 
are found in Kainuu , for instance in Korholanmäki , Kajaani (Wilk
man 1931). The wollastonite-quartzite of Kuparsa<l.ri. Antrea. is an 
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extreme example of blastopsammitic quartzites of this type. It occurs 
in the contact zone between limestone and pure quartzite . Calcium 
carbonate has reacted upon silica, forming wollastonite CaSi0 3 

(cf. p. 102). 
The precipitation of calcite in waters has been weU studied, and 

it is a common cement of sandstones . 
7. Graphite in quartzites has been derived from bituminous ma

terials in original sands . The hydrocarbons are formed first, and 
thence by dehydration coal. Schists containing coal are not rare , 
and in a high temperature co al is transformed into graphite, which 
is a common minor constituent in the quartzites of Ostrobothnia. 
An alternative mode of formation of graphite is by the reduction 
of CO 2 from the carbonates. Laitakari (J 925) has thoroughly dis 
cussed the origin of graphite in Finland. From his exposition the 
most probable assumption concerning the graphite in quartzites 
would seem to be that it is of organogeneous and bituminous origin. 

Thus, with the exception of the peculiar rnetasomatic quartzites 
connected \I'ith sulphidic ores, all guartzites of the Pre-Cambrian of 
Finlcmel are of seelimentary origin. In most cases this fact is also 
seen in the structure of the guartzites. Although the quartzite is 
wholly recrystallizeel there are a lways some portions in the rock 
masses where traces of clastic structure are visible as impure grain 
bounelaries. In the best instances conglomerates occur in connection 
with quartzites , giving con clusive evidence of their origin. As nearly 
a1l elegrees of metamorphism are to be found a mong the quartzites, 
we can follow the formation of the accessory minerals and, in accorel
anee therewith , the formation and deformation of the quartzite rocks . 
The mineral faeies of the aceessories inelicates the conelitions eluring 
metamorphism. f'omparison of the ehemieal composition of the 
quartzites with that of the sanelstones and finally with that of the 
sanels inclicates the geological anel other circumstances in which the 
original quartz sands have been elepositeel. Our survey of the Finnish 
quartzites from this point of view leads to a general and unrestricted 
confirmation of the actualistic principle. Th e sedimentogeneous 
quartzites of Finland have pl'imarily originated as sand in the same 
way in " 'hi ch sand deposits are formed at the present day. 

C. PETROF ABRWS. 

Figure 16 (PI. VIII) shows schematically L2 types of quartz 
orientation found in tectonites . 
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Sahama (1936) and Fairbail'n (1937) have represented the kno\\"l) 
types of quartz orientation in similar ways. They have ten different 
types, but in the quartzite of Olostunturi there occurs a eleveJoped 
type, which is not one ofthe kno\m types, viz., No. 4, infig. 16 (Pl.VIII). 

Fig. 17 (PI. VIII) shows the maxima from 1 to 6 anel 8 anel 11 
in fig. L. They are munbered I to VII. 

I to IV refer to Sander's maxima in D 61 (Sander 1930). \' anel 
VI have been rarely fonnd before. but are important in the Finnish 
quartzites. V is common in the quartzite of I 'imsiö clescribed in this 
paper, VI occurs in the quartzites from Olostllnturi , (D .M. 20) anel 
VII aJso in the same quartzite (D.M. 23). 

The orientation of all the Imo\\'n quartz maxima 'with 1'espect 
to plane 'ab' has been deductively explaineel by Schmidt, as uming 
three glide directions in quartz grains. These glide directions are 
the prismatic axis [0001], the prism-base edges /)1 TOJ and the unit 
1'hombohedron edges 1.2113] according to the directions of closest 
packing of Si atoms in the quartz lattice. 

Type 1 was the first type of quartz orientation (Trener 1906). 
Since Trener this type has been illustrated by Anelreatta in the quartz
ite from Riva eli Ture '. (0001) is orientateel parallel to 'ab' anel L:2110J 
parallel with 'a'. rn the quartzites of Simsiö this type prevails i.n 
the glassy variety anel, as described earJier. gliding along the basal 
plane has actually taken place, 

Type 2 is ver,Y common and has been explained by the orienta
tion acco!,ding to the prism ruJe, 01' y-rule, (Sander 1932, D 24, ;26, 
27). (1010) is parallel with 'ab and 1.0001/ parallel with 'a'. This type 
is frequently associated with a girdle 01' with other maxima. Thc 
single maximum is found less often alld is supposeel to be caused 
by the predominance of the glide dil'ection parallel to the c-axis in 
the quartz lattice. In the eliagrams of the quartzites frorn Junki
rova, Rautakero and Jyppyrä one wen eleyeloped maximum occurs 
in the 'ab'-zone (D,M. 1 anel D.R. 4) 01' in an asymmetrical position 
neal' to 'a' (JYPpYl'ä). In a11 these cases l'uptural strain shadows 
and in some cases visible sheal' surfaces inelicate that the prism planes 
have acted as gliding planes and thus the gliding di1'ection is indicated 
by the position of the maximum. These diagrams repl'esent Type 
2, in which the maximum is causeel by a Jater differential movement. 
'Chis movement has l'eol'ientated the quartz grains, hut it has not 
been able to re-deform the schistosity of the rock. 

Type 3 pl'esents maximum IJ of Sander. It is not common anrl has 
been explained in different \yays. Sander assumes the predominance 
of the prism rule and in this case (WO shear sllrfaces intersecting in 
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'b'. Schmidt favours the orientation of various lattice planes and 
lines into a single shear surface 'ab'. In this type for instance (2112). 
or (1122), is parallel with 'ab', and [2113] parallel with 'a'. The 
quartz crystal has one degree of freedom, the c-axis may be situated 
in one 01' another maximum which lies symmetrically around 'ab'. 
The two maxima may be also explained by twinning. If (2112) is 
a twinning plane, the vertical axes are 84°33' apart from each other, 
which is the approximate angle in the diagrams . This type has been 
described by D. Korn (1932) in an itacolumite from Minas Geraes 
and by Sander (1930, D 39) in a granulite from Geiersberg in Ross
wein, Saxony. In the quartzites of Finland two symmetrical maxima 
in the 'ac' -zone occur in Simsiö (D.S. 5) the maxima are situated 
near to 'c' and are probabl:v formed by the dividing of the maximum 
at ' c' into two separate maxima, and thus the same crystal faces 
have acted as gliding planes during the orientation process. Only the 
direction of gliding has oscillated. 

Type 4 occurs in the quartzite !rom Olostunturi (D.M. 23). 
Ithas (1010) in 'ab' and [2113] parallel with 'a'. As the quartz grains 
have one degree of freedom , two directions for ' c' are possible as 
in case 4 and these two directions cause two maxima, symmetrical 
about 'ac'. The statistical angle in the diagram is about 106°. Other 
diagrams from the neighbouring district show an 'ab'-girdle formed 
from single maxima (D. M. 4, 20). In D. M. 20 the maxima I , 
VI and VII appeal'. 

Type 5 has been first describeel by Schmielt (1925 p. 421) in a 
paragneiss , the Mugl gneiss from the Eastern Alps , and is explainecl 
as folIows: 

Maximum at 'a': (1010) in 'ab' , and axis c parallel with 'a'. 
Maximum at 'c': basal plane in 'ab' , which is the glieling plane. 
The girelle is explaineel by the variation of the gliding elirection 

in the basal plane, 01' by supposing an internal rotation arounel ' b ' . 
Philips (1937) has recently elescribed the same type in the Moine schists . 

D.S . 40 of quartzite from Jänismäki, Lapua, is an excellent 
example of this type. Vittinki No. 3 belongs also to this type of 
orien tation . 

Type 6 has also been elescribed by Schmielt (1925) in rocks from 
Greiner Scholle and Val Piora. The maximum in 'b' is causeel by 
(1010) being in 'ab' anel [2110] being parallel with 'a' . The maxima 
in the 'ac' -girdle are explained by planes of prism -basis zone as glid
ing planes and the edges of these planes with the principal sections 
as glide-eliJ:ection. In Olostunturi (D.M. 20) the 'ab' -girdle is con
nected with maxima VII. 
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Type 7 is the mo~t eommon type of quartz orientation and it 
has been described by many authors. for example by Doris Korn 
(1928), Lisbeth Korn (J 932) and Portman (1928) in crystalline schists 
from South-west Oermany; by Fairbairn (1935 b) in rocks from Oak
Hili and the Sutton formation; by Drescher (1932) in )Dattelquartzite) 
from Krummendorf, Silesia. Sander, Felkel and Reithofer (1929), 
J'ohs (J 933) and Mal'oscheck (1933) have found it in rocks which ha ve 
l'ecrystallized under stress. This type of orientation has been ca lled 
ß-tectonite by Sander. Axis B is the axis of translation. ami Sander 
supposes it to be a line along which all the shear surfaces intel'sect. 

In Finnish quartzites 'ac'-girdle is common . but it occurs us
ually in connection with one 01' several maxima. 

Types 8 and 9 are characteristic of granulite areas and have been 
de!::!cribed by several in vestigators , type 8 notably by Sander (1930 
D 40. 41, 42. 46), Sahama (1936) , Closs (1935 b). and Os borne (1936). 
and type 9 by Rüger (1930), Seng (Hl31, 1934). Sander (1930 D 43, 
J5) in granulites from Saxony. Schmidt (1926) has found the two
girdle figure in rocks from the Alps, and Closs (1935 a) in rocks from East 
Graubünden. The Tiirismaa quartzite belongs to this type. _ 

The maxirna in type 8 indicate the orientation of (l01l) in 
'ab and of [0001] parallel with 'a'. Two degrees of freedom are possible 
and two maxima appeal' symmetrically abount 'ab' . The maximum 
in 'a' is associated with them and indicates the glicle direction parallel 
to 'a' (Saneler 1932, Sahama 1936) . 

Type 9 is explained by Saneler (1934) as girclles of maxima II 
anel Irr with the corresponding shear surfaces (h 0 1) anel (0 k J). 
r have found this type in a quartzite from Ka.inuu. (D. Ka. l.) as 
described in the present papel' (p. 45) and in this case maximum 
[I occurs with maximum Irr, which is situateel near to ' c'. The 
girclles inelicate a rotation axis parallel to ' c'. 

In type 10 two girclles have 'b' as rotation axis. The four maxima 
have been exp laineel by Schmielt, assuming the orientation of (l01 l) 
in 'ab' anel [2113J in 'a'. Two 1'2113] directions intersect in (lÖI1) 
plane and this causes one elegree of freedom and maxima symmetrical
ly about 'ac'. Maxima lying symmetrically arounel'ab' are causeel, 
as in the cases uf 4 anel 9. The grains move out of the maxima by 
means of an intergranular rotation during the deformation, which 
may bring about a parallel linear arrangement of the grains in the 
fabric axis 'b'. As a rule, the girclles perpenelicular to the tectonic 
axis 'b' inelicate intergranular movement around 'b' anel single ma
xima, a' in type!::! from I to 5, may appeal' only in the absence of this 
Illovement. 
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Type II has been described by Sander (1930) and Fairbairn 
(1937 p. 71). In Vittinki D.V. 2 may represent the best devel
oped example of this type among the Finnish quartzites. 
Type 11 is explained as the »B -.lB' rule» by Sander (1930). The 
girdle perpendicular to 'a' requires the same interpretation as has 
been set up for the 'ac'-girdle, i . e ., a rotational strain and inter
granular rotation.. The strain in this case is called a »crossed» strain. 
The rotation axis is 'a'. Schmidt has described this type in some 
rocks from the Pennine Alps (1926). 

In type 12 we have three girdles perpendicular to each other and 
in conformity with the previously mentioned three separate strains , 
at right angles to one another. This rare type is described by Rüger 
(Hl33) in a gneiss from Obermittweida, Saxony. 

Among the quartzites of the Pre-Cambrian of Finland weIl de
veloped examples of two main types of quartz orientation are met 
with. The plastic deformation occurs in connection with the ruptural 
one in the quartzites of South Ostrobothnia, being dominant in some 
cases (Simsiö). Shears have overprinted the orientations and generally 
rotational strain has also been in action, as is visible in the common 
occurrence of the girdle figures in the diagrams. The maxima appeal' 
mainly in the 'ac' -zone, 01' in a zone perpendicular to the schistosity. 
The orientation figmes from Western Lapland are contras ted to 
them in this respect, as here the maxima are generally situated in 
the 'ab'-zone. Prism planes have acted as gliding surfaces and rup
tural grain deformation has been dominant. Only in the quartzite 
of Olostunturi are Böhm striations visible in some specimens. In 
tbe rocks of Western Lapland post-crystallization movements have 
generally caused intensive shears and re-deformed the quartz grains, 
so that they have their prism planes parallel to the shear surfaces. 
Here " 'e have one »Grossgleitfläche» (Rüger 1937 , p. 203) and the 
prism planes have arranged themselves parFlllel to it . causing one 
weIl developed maximum. This is in accord with my observations 
of the defnrmation of individual quartz grains. In the beginning 
the plastic deformation appears as strain shadows , hut soon the 
e lasticity of the quartz lattice 1S exceeded and the crystal begins 
to .vieid by gliding. In the case of one shear the prism planes are 
generally orientated parall I to the gliding direction. But if there 
are severa l shears various crystal faces can act as gliding surfaces 
ancl a11 directions of closest packing are used. The gliding along 
prislll faces i ~ most possible, as the elasticity is smallest in this di
rection (Sonder 1933). Translations para llel to the basal plane and 
the rhombohedra.l faces cause visible traces in the quartz lattice 
as seen from the Röhm striation~. 1'his breaking can appeal' !l,lso 
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in directions wh ich oscillate from t Itf' basal pinacoid and tbis ü; prob
ably due to the sCl'ew-like stl'ucture of the quartz lattice, as also 
the mode of breaking. 

The petrofabric analyses of the C]ual'tzites of Syecofennictic terri
tory show only at few places traces of the vertical movements, which 
bave. ho\\"eve1', been common in the Al'chaean formation of West 
Finlalld , with its chiefly vertical standing schistosity. The later 
movements have probably oblite1'ated them ami caused the present 
ol'ientation, 01' this kind of movements has not taken place in the 
qua1'tzite areas. C'hiefly, the orientation process seems to be con
temporalleous \\'ith the folding procesR. Some diagrams in the Simsiö 
al'ea (D.S. 40. -t-6) ) ma~r give eviclence of vertical movemellts. 

Table XXIn sho\\'s the l'esnlts of tllc petrofabl'ics eomparecl to 
the tectonics in the Finnish qual'tzites. 

Table XXIII. 

The rdations between the tectonics and the movements acconl
ing to petrofabrics in Svecofennidic and Karelidic quartzites. 

Svecofennidic quartzites. 
1) »Schlingen» tectonics prevail

ing, 'b' mostly vertical, strike 
K-W. witb deviations. 

2) Dominant orientation: contem
poraneous with the folding. dif
ferential movements horizontal. 
with many deviations. 

(Exception: 
Tiirismaa, »Overprinting» domin

ant, but original orientation also 
preserved. Movements rnainly 
horizontal). 

Karelidie quw·lzites . 
A. Western Lapland. 
1) A lpine tectonics , 'b' chiefly 

horizontal , strike mainly N.-S . 
2) Dominant orientation: 
»Overprin ting». 
One strong horizontal penetrati\-c 

movement. 
(Excephon: 
Olostunturi. Orientation contem

poraneous with folding. Move
ment: the direction of 'a' , thc 
dip of which 20°_ 30°. Ov('r
printing sometimes visible.) 

B. Kainuu and Karelia. 
1) Alpine tectonics , 'b' chiefly ho

rizontal. Strike mainly ~.-S. 

Dominant orientation: contempo
raneous with folding: 'ac'-gil'dle. 
Traces of a gi1'clle in the hori
zontal plane. 
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When the pl'esent work \\·as eommenced. the petrofabrics of the 
Karedilic zone were expected to be different from those of the 
f:iveeofennidie territory. This assumption has been partly fulfilled . 
hut at the same time great local variations have been discoverecl. 
Thus the investigation of the petrofabrics must first appl.v to every 
spedal case and after that the general tectonical conclusions ean give 
certain elucidation of the geological eircml1stances uncle ",hieh the 
tectonite ha ve been formed. 

I !IU I . :~ ,,, lil 
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