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PREFACE 

The present study is based on the geological re-mapping of Southwestern 
Finland carried out by the Geological Survey of Finland and deals mainly 
with the stratigraphy and sedimentation of the early Archean schists. 
The geological re-mapping of Southern Finland started in the year 1936 
under leadership of the la te Dr. Erkki Mikkola whose death in the Winter 
"Var 1939- 40 was a great loss to geological research in Finland. During 
the years 1940- 44 the regular research work was at standstill, because 
all field geologists of the Geological Survey were in the army. The mapping 
work was continued immediately after the ' iVorld War II and the geological 
re-mapping of the classical Tampere schist area was undertaken in the 
year 1945 as part of the program of the Geological Survey of Finland. N ow 
an area of about 30000 km 2 has been re-mapped in Southwestern Finland, 
but most of the map sheets and explanations are still under preparation. 

The author will thank his collegues in the Geological Survey for helpful 
discussions of many problems. Especially he wishes to thank his friend Dr. 
Maunu Härme who during the years 1950- 52 has taken an active part 
in the revision of the geological sketch maps of Southern Finland. 

To his chief, Professor Aarne Laitakari, Director of the Geological 
Survey of Finland, the author wishes to express his sincere gratitude for 
kindness in allowing to devote a large part of time to the present work, and 
m allowing its pu blication by the Geological Survey. 

Mr. Olavi Helovuori, Mr. Olavi Kouvo and my wife Laura have assisted 
in calculations of Niggli numbers and average compositions. Miss Thyra 
Aberg has drawn the figures and maps. Professor Etta MacDonald and 
Mr. G. Melcher have kindly revised the English of my manuscript. To all 
the persons mentioned the author is greatly indebted. 

Ahti Simonen. 

Geological Survey of Finland, Helsinki, June 1952. 





INTRODUCTION 

The name J. J. Sederholm (1863- 1934) will be mentioned always in 
conneetion with the geologieal study of the Finnish Arehean roek erust . . 
He was the pioneer in the study of pre-Cambrian geology, marking out the 
way for the studies of the oldest geologieal his tory of the globe. On the basis 
of his investigations the aetualistie method for the first time proved eorreet 
in the study of the Arehean roek erust (Sederholm, 1891 and 1897), and 
migmatites and granitie roeks (Sederholm, 1907, 1923, 1926 and 1934) 
were brought into the theatre of lively seientifie diseussions. Sederholm was 
first of all a field geologist. He did not eonsider roeks to be only museum 
speeimens, but he tried to make them alive. He stressed that geology is 
a seienee of time, and the study of the sueeession of events, and therefore, 
the stratigraphie classifieation of the pre-Cambrian formations runs like a 
Ted thread through his whole work. 

The historieal outlines of the stratigraphie studies in Finland, deseribed 
in a separate paragraph of this paper, show distinetly many diffieulties 
in the interpretation of the stratigraphy in the metamorphie, nonfossiliferous 
Arehean formations. The investigator of this problem often risks serious 
mistakes, espeeially in making eorrelations between separated sehist areas . 
Also Sederholm's stratigraphie classifieation has been eritieized and re
interpreted by later investigators. Aeeording to our present views, two 
orogenie eycles, Sveeofennidie and Karelidie, have taken plaee in the pre
Cambrian roek erust of Finland. The early Arehean roeks of Southwestern 
Finland, including both Svionian and Bothnian formations, belong to the 
root zone of the Sveeofennidie mountain ehain. 

New methods of studying the evolution of the Sveeofennidie roek erust 
were initiated by the investigations on struetural geology, earried out first 
by vVegmann and Kranek (1931) in the arehipelago east of the town of 
Helsinki. The intraformational stratigraphy of the different kinds of the 
Sveeofennidie supraerustal roeks is, however, poorly known. Only so me 
Ioeal interpretations on the sequenee have been published. Detailed geo
logieal maps of wider areas, in the seale of 1 : 20 000 01' 1 : 42 000, and the 
explanation of struetural features show, however, new possibilities to ad
vanee in the labyrinth of the Sveeofennidie roek erust. 

An attempt will be made in the present paper to throw light upon the 
stratigraphy and sedimentation of the Sveeofennidie supraerustal roeks 
in Southwestern Finland. The struetural features and petrographie eh ar-



Bulletin u(' la Commission g6ologiqu(' ue Finlan<1(' ~: 0 160. 

acteristics of the rocks will be described only so much as is necessary for 
the interpretation of the principaJ problems of this paper. 

Since the ciassical study of Sederholm (1897), the well-preserved Tam
pere schist belt has been the most impol'tant key area for the Archean geo
Iogy in Finland, anel its re-mapping has given rise to the new ideas presented 
in this paper . Some suggestions on the stratigraphy of the schists in Southern 
Finland are made and the correlations of the highly metamorphic snpracrustal 
rocks to the well-preserved rocks of the Tampere area are put forth. Some 
general conclusions on the geo logy of the Svecofennidic rock crust are pre
sen ted for discussion. 

HISTORICAL OUTLINES OF THE STRATIGRAPHIC 
CLASSIFICATION 

The earliest geological studies and the first geological mapping in 
Southern Finland, carried out about one century ago, have already revealed 
the fact that the crystalline schists are oider than the associated gneissose 
and massive granites. The age relation of these granite types has been 
known for a long time. The gneissose, grey-colored oligoclase granites 
are oider than the massive, red-colored granites of more pegmatitic char
acter. Sederholm (1893), accordingly, called these two Archean granite 
groups older and younger granites, respectively. 

SedeI'holm believed on the basis of his own field observations that in 
Southwestern Finland also there were so me early Archean, so-called Bothnian 
formations younger than the highly metamorphic, crystalline basement 
penetrateel by the oider granites. Seelerholm introduced the term» Bothniam 
for the first time in the year 1893 when he identified the widely distributed 
Archean basic volcanics of Southern anel 'iVestern Finland as a stratigraphic 
unit of the Bothnian system deposited du ring the interval between intrusions 
of older and younger granites. According to this idea, the Bothnian supra
crustal rocks are younger than the grey-colored, gneissose granites (calIed 
also granites of the first group, urgranites, 01' pre-Bothnian granites), but 
older than the red-colored, mainly massive granites of the coast type (calIed 
also granites of the second group, microcline granites, 01' post-Bothnian 
granites). The first definition of the Bothnian system was based mainIy 
on the observations made in the wide uralite porphyrite area of Tammela
Kalvola, studied by Sederholm (1891). 

The stratigraphic position of the Bothnian supracrustal rocks has been 
discussed in more detail in Sederholm's classical paper (1897), dealing with 
the Archean schist zone of the Tampere area where the Bothnian basic 
volcanics are associated with well-preserveel sedimentary rocks represented 
by conglomerates, argillaceous anel arenaceous sediments. Seelerholm con
cluded that the Bothnian schists of the Tampere area are separated by a 
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great unconformity, situated along the southern margin of the Bothnian 
schist belt, from the highIy metamorphie gneisses and gneissose granites 
which form the crystalline basement for the deposition of the Bothnian 
supraCl'ustal rock series. According to Sederholm, t he gneissose granites 
similar to the oider granites in Southern Finland penetrate only the oidest, 
so-called Svionian gneisses in the crystalline basement, whereas the Bothnian 
schists have been penetrated only by the younger, massive granites of the 
wide granite area of Central Finland occurring north of the Tampere schist 
zone . Therefore, the gneissose granites south of the Tampere schist belt 
were called pre-Bothnian granites and the granites of the large central 
areas m Finland were named post-Bothnian granites . 

Table I. Sederholm's (1932) stratigraphie schema of the pre-Cambrian 
rocks in Finland. 

Jotnian 
I 

Olivin e diabases 
Sandstones of Pori 

IV cycle 
I Unconformity 

(Late pre-Cambrian) 

I IIoglandian 
I Rapakivi granites 

Ossipites and diabases of Jaala 

I Great IInconformity 

Lapland granites 

III cycle Post-J atulian epoch of Granites of Oultt river, Kajaani etc. 

(Kareiidic) diastrophism Granites of Onas, Bodom, A va etc. 111 

Southern Finland 

Kalevian and Jatulian I Conglomerates, quartzites and schists in 
Eastern and :'\orthern Finland 

I Great unconformity 

Post-Bothnian epoch of 

I 
Granites of central area in Finland dias trop hism 

II cyde 
(Younger Archean) Botllllian Bothnian metabasalts and sedimentary 

schists in Southwestern Finland 
Ladogan Ladogan schists NW of Lake Ladoga 

Lapponian Lapponian iron-bearing formations and 
greens tones in Finnish Lapland 

I Unconformity 

I cycle Post-Svionian epoch of 

I 
Gneissose granites of the Sveco-Fennian 

(Kataarchean) diastrophism range anel of Eastern Finland 

Svionian 
I 

Schists and gneisses of the leptite 
formation of Southern Finland 

I I Substratum unknown 

2 5602/ 52 
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Sederholm (1910) enlarged his stratigraphie elassifieation to eomprise 
the whole Fennoseandian rock erust and modified his ideas in many later 
papers, presenting his last views in 1932 in the explanation to the geologieal 
map of Fennoseandia. The main points of Sederholm's stratigraphie schema 
coneerning the Finnish pre-Cambrian rocks are presented in Table I. On 
the basis of our present views some remarks must be made. The Hoglandian 
intrusive rocks are now ineluded in the Jotnian formation in whieh the 
order of sueeession: 1) intrusion of rapakivi granites, 2) deposition of the 
arkosie »oldest red sandstone», 3) intrusion of olivine diabase dikes, has 
been proved eorreet in the unmetamorphie, late pre-Cambrian rock series 
of Satakunta in Southwestern Finland (cf. Sederholm, 1897; Laitakari, 
1925; Kahma, 1951). The stratigraphie elassifieation of the schist formations 
in Eastern Finland has undergone many modifieations and nowadays the 
J atulian, Kalevian as weH as Ladogan formations are eonneeted to the 
Karelidie eycle (cf. Eskola, 1927 and 1941). The tee tonic studies of vVeg
mann (1928) have given important support to the explanation of the Ka
relidic mountain ehain, and the stratigraphy and tectonics of the Karelian 
formations has been diseussed and summarized in the papers of Väyrynen 
(1933 and 1939). The geologieal studies in Finnish Lapland carried out by 
Erkki lVIikkola (1941) give so me evidence that the Lapponian sehists as wen 
as the extensive, so-ealled granulite formation belong to the Karelidie eycle. 
The newest loeal interpretation on the intraformational stratigraphy of the 
Karelidie supraerustal rocks has been presented by Härme (1949) based 
on his studies of the Kemi area in Northern Finland. The stratigraphie 
position of the Bothnian formation and new lines of stratigraphie studies 
in pre-Cambrian territory will be diseussed below in more detail. 

In Sederholm's elassification, the Bothnian supraerustal rocks were 
ineluded in an independent period in the development of the pre-Cambrian 
rock erust of Fennoseandia. They represent the second eyele of sedimenta
tion, deposited on the deeply denuded crystalline basenlE~nt eomposed of 
the highly metamorphie supraerustal rocks of the first Svionian eyele of 
sedimentation and of the gneissose granites of the first group. The orogenie 
movements eonnected with the intrusion of the granites of the second group 
have tilted the Bothnian strata into vertical position and caused the origin 
of a new erystalline basement whieh has later been the floor for the deposition 
of the supraerustal rocks of the third, Karelidie eycle of sedimentation. 

Based on observations of the age relations of the supraerustal rocks with 
granites, Sederholm conneeted the following separated sehist areas m 
Southwestern Finland (see Fig. 1) to the Bothnian formation: 

Enklingo area; m et abasalts a nd sedimentogenolls schists , 
P ellinge a rea; m etabasalts , 
Hyvinkää a rea; m eta basalts, 
Tammela- Kalvola area; m ota basalts , 
Tampere area; meta basalts a ml scdimentogenous sc hist s . 
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All Bothnian schist areas are characterized by a rich occurrence of basic 
volcanics, porphyrites and tuffites. The sedimentary rocks are represented 
by conglomerates, argillaceous and arenaceous sediments. Pure quartzites 
and limes tones are lacking. 

The independent stratigraphie position of the Bothnian formation has 
been, however, criticized by many geologists. Mäkinen (1915) remarked 
that the granites, considered pre-Bothnian by Sederholm, penetrate the 

\J lOi'!!'J. 

/

" I ä 'P'iiä\Jo,;:!sa 
OYl Jokioinen /ammela 

-t Somero Hyvinkäii 

I 
TUR'J! Jl;+PUSUIV-hV 

)/ 
ohja 

Kokar 
\).~ 

sp 

\ 

" \ \ 
/ -

. 
\ . 

't?0km 

, , 

Fig. 1. Map of Southwestern Finland showing the position of the localities mentioned 
in the text. 

Bothnian schists in the Tampere area and some conglomerate occurrences 
in the Bothnian do not mean a deep denudation, as supposed by Sederholm, 
but show an intrafonnational mode of occurrence. The new field obser
vations in the most remarkable Bothnian schist formations in the Tammela 
- Kalvola (Eskola, 1936; Simonen, 1948b) and Tampere areas (Wahl, 1936) 
have shown that the oldest gneissose granites penetrate the Bothnian schists. 
Therefore, in regard to the intrusive contacts, there is no difference between 
the Bothnian schist and the Svionian gneisses. 

The S"vedish geologists took a sceptic attitude towards Sederholm's 
idea concerning the great unconformity between Svionian and Bothnian 
formations. Many lively discussions on the »sub-Bothnian unconformity» 
and on the granite classification have appeared in the series »Geologiska 
Föreningens i Stockholm Förhandlingar». The Saxa, Grythytte, and Skellefte 
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areas in Sweden, considerecl as Bothnian formations by Sederholm, have 
been included by Swedish geologists in the Svionian leptite formation. 

However, in spite of many objections, Sederholm was firm in his original 
concept and looked for the sedimentation floor of the Bothnian formation. 
Sederholm returned to the study of the Tampere schist area in 1928. When 
the new, more detailed geological mapping carried out by Erkki Mikkola 
in the Lavia- Suodenniemi sehist zone revealed new conglomerate beds 
and breeeias eontaining angular fragments of diorite in an arkosic matrix, 
Sederholm (1931) interpreted these oeeurrences as Bothnian basal formations, 
originated by secular weathering. He considered them to be distinct evidence 
for the sub-Bothnian uneonformity which had been questioned by many 
leading Scandinavian geologists. Eskola (1941) remarked, however, that 
the eonglomerates of the Suodenniemi area do not show the eharacter of 
real basal conglomerates separating two different orogenie cycles beeause 
they do not eontain migmatite boulders, indicators of a deep erosion. The 
conglomerates and weathering breecias show only that during the deposition 
of the Bothnian strata the denudation has been deep enough to reach the 
infracrustal rocks, intruded at an early orogenie state, and the »sub-Bothnian 
unconformity» is result of a loeal erosion during the orogenie evolution. 
On the basis ofthis interpretation, both Svionian and Bothnian supraCl'ustal 
formations would have reeeived their present charaeteristics in the same, 
so-called Svecofennidie orogeny. Concerning Seclerholm's (1932) strati
graphie schema (Table I) we ean state that, aeeording to our present views, 
the representatives of his second cyele may be includecl in those of the first 
or third cycles, and accorclingly only two orogenie cycles, Sveeofenniclic 
and Karelidie, have taken place in the pre-Cambrian rock crust of 
Finland. 

Sederholm's stratigraphie classification of the supracrustal rocks was 
based in it's essential points on the age relations of the schists to the granitic 
rocks of different age. Sederholm classified the pre-Cambrian granites 
in Fennoseandia into four groups and supposed that every orogenie eyele 
was associated with intrusions of a granite group. Accordingly, the granites 
of the first group were connected with the folding of the Svionian supra
crustal rocks, the granites of the seeond group were associatecl to the dias
trophism of the Bothnian strata, and the granites of the thircl group were 
connected to the Karelidie eycle. The granites of the fourth group were 
represented by the late pre-Cambrian rapakivi granites which have not 
taken part in the orogenie movements. 

Since the time of Sederholm great progress in the knowledge of the 
Finnish granites has been aehieved ancl now the granite classification is 
made on the basis of magmateetonical points of view. Every orogenie 
eyele is associated to intrusions of different kinds of granitic rocks which are 
classified into three main groups, the so-called synkinematic, late-kinematic, 
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and postkinematic granites, according to the terms proposed by Eskola 
(1930, p. 138). 

The synkinematic intrusive rocks of the Svecofennidic mountain chain 
are mainly gneissose granites 01' granodiorites associated with more basic 
differentiates, but also the crystallization products of the trondhjemitic 
and charnockitic suite are met with. The different paths of magmatic 
differentiation are caused only by the different amounts of the volatile 
substances in the parent magma. The migmatite-forming microcline gra
nites of the coast type (the granites of the second group in Sederholm's 
classification) are late-kinematic granites of the Svecofennidic orogeny. 
The separation of the synkinematic and late-kinematic granite types is 
usually relatiyely easy in Southern Finland where the orogenie movements 
have caused a remarkable gneissose texture in the synkinematic rocks, 
especially at the margins of the intrusive bodies which occur conformably 
with the Svecofennidic schists. On the other hand the late-kinematic micro
cline granites are massive and form migmatites with the schists and syn
kinematic intrusive rocks. The sharp separation of the different magma
tectonical types is not so easy in either the Tampere schist belt 01' the ad
joining wide granite area of Central Finland, where many transitional 
varieties from the gneissose synkinematic types into massive late-kinematic 
intrusive rocks occur. As a general rule, however, it must be mentioned that 
the quartz dioritic and granodioritic bodies and the associated basic differ
entiates usuaUy show slightly developed gneissose margins, whereas the 
younger microcline granites are massive. The migmatites, related to the 
intrusion of microcline granites, are not in the Tampere area so common 
as in Southern Finland. Petrochemically, in Southern Finland there are 
clear differences between the synkinematic and the late-kinematic intrusives 
(cf. Simonen, 1948a), but in the Tampere area many transition al varieties 
occur, so that no marked break between chemical composition of the synkine
matic granodiorites and the late-kinematic potash granites has been observed. 
In addition to the widely distributed synkinematic and late-kinematic 
intrusive rock types, some massive potash granites also occur in Southern 
Finland, penetrating the late-kinematic migmatite-forming granites. These 
small granite bodies (Onas, Bodom, Ava etc.), included by Sederholm in 
the third granite group, probably represent the postkinematic granites of 
the Svecofennidic orogeny. 

In terms of the magmatectonical granite classification, we can state 
that both synkinematic and late-kinematic granites of the Svecofennidic 
orogeny penetrate the Svionian a.s weIl as Bothnian schists in Southwestern 
Finland, and therefore the »sub-Bothnian unconformity» falls into the Sveco
fennidic cycle. On the basis of the new magmatectonical granite classi
fication it is evident that both Svionian and Bothnian formations belong 
to the same orogenie cycle. 
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Different magmatectonical types of intrusive rocks have been found 
also in the Karelidic mountain chain. The large bodies of »post-Kaleviam 
microcline granites are late-kinematic, whereas the synkinematic rock 
types occur only sporadically. The granodiorites and associated basic 
differentiates which occur north of the Gulf of Bothnia, and are included 
in the so-called Haparanda series (Ödman, Härme, A. Mikkola, and Simo
nen, 19"";); Härme, 1949; A. Mikkola, 1949), are now the best-known repre
sentatives of the Karelidic synkinematic intrusive rocks. 'iVide areas of 
the Karelidic synkinematic intrusives probably occur in the western part 
of Finnish Lapland where so me types of Hetta granites and the members 
of the syenite series in the Muonio area (E. Mikkola, 1941), show char
acteristics of the synkinematic intrusions. Since the grade of meta morphism 
of the Karelidic supracrustal rocks increases in the vicinity of the synkine
matic intrusive bodies, the Karelidic greenstones, phyllites, and mica schists 
are represented in the western part of Finnish Lapland by highly meta
morphic amphibolites and sillimanite gneisses. The late pre-Cambrian 
rapakivi granites are considered postkinematic, since their relationship 
to the Karelidic orogeny is analogous to the relations shown by the massive 
granites of Onas, Bodom, Ava, etc. in regard to the Svecofennidic mountain 
folding. Special mention must be made of the occurrence of mantled gneiss 
domes in the Karelidic range of Eastern Finland. Eskola (1949 and 1951) 
has shown that these domes have originally been separate granodioritic 
01' quartz dioritic intrusive bodies, associated to the Svecofennidic cycle, 
having been remobilized and updomed during the Karelidic orogeny. During 
the dorning, the migmatitization and granitization have taken place espe
cially along the margins of these old intrusions. The large areas of gneissose 
granites in Eastern Finland and east of the northern end of the Gulf of 
Bothnia, consisting of great numbers of separate intrusive bodies, also 
belong in the class of granitized domes whose original material belongs to 
the orogenic intrusions of a pre-Karelidic, Svecofennidic orogeny. Eskola's 
interpretation of the mantIed gneiss domes, i.e., that the Svecofennidic 
elements have taken part in the Karelidic movements in Eastern Finland, 
throws light upon many puzzling problems in the classification of the pre
Cambrian rock crust. This must be especiaJly remembered in the course of 
future studies when the boundary zone between Svecofennidic and Karelidic 
orogenic formations will bEi re-mapped. 

The author has summarized in Table II the present conceptions on the 
orogenic classification of pre-Cambrian rocks in Finland though he is fully 
aware that this summary is not generally accepted in all points by different 
investigators and that much new detailed field work will be inevitable. 
Table Ir gives only the principal points of the orogenic classification and 
does not include the scattered data available on the sequence of the supra
crustal rocks in different schist formations. 
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Table 11. Orogenie classifieation of pre-Cambrian roeks in Finland. 

r 
Postorogenie I 

Jotnian group ~ 

I 
l r ~Iigmatitization and 

granitization 

II orogenie 
eyde 

(Karelidie) 

I ~fountain folding 

~ 

l 

r 

I orogenie 
eyele I 

(Sveeofennidie) ~ 

l 

~Iigmatitization and 
granitization 

Moun tain folding 

OIi vine diabase dikes 

J otnian sandstone formation oi Satakunta 
Basal formation 

Postkinematie intrusions 
Rapakivi granites 

Late-kinematie intrusions 
Post-I{arelian microeline granites 

Synkinrll1ittie intrusions 
Granodiorites and assoeiated rocks of t he IIapa

ranela series. Some members of the Jl etta granites 
and syenite series in western part of Finnish 
Lapland 

Some ll1embers of the granulite formation in Lap
land 

Ophiolitic, ultrabasic intrusions 

Supracl'llstal rocks of KUlllpu-Oraniemi, Lapponian 
ami granulite formations in Lapland 

SlIpntcrustal rocks of Kainull, Perä-Pohja and 
l'tajärvi- Kiiminki areas in );orthern Finland 

Ladog-an, J{alevian and Jatulian formations in Eastern 
Finland 

Basal formations 

Postkinematie (intra orogenie) intrusions 
Granites of Onas, Bodom, Ava ete. in Southern 
Finland 

Latc-kinematie intrusions 
;\Jigmatitc-formin2' mierocline gran ites of coast 
tYlle ~ 

Svnkinematie intrusion 
. Granodiorites and assoeiated rocks in the Sveeo

fennidie range of Southwe tern Finland and 
Pohjanmaa 

InfraCl'u tal rocks of trondhjemitie aJl(1 eharnockitic 
suite in Southwestern Finland 

Gneiss domes in the Karelidie range and large 
areas of gneissose granites in Eastern FiJlland 

Supraernstal rocks of 
Bothnian and 8\'ionian 
formations in South\\'estern 
Finland and Pohjanmaa 

Supracrustal rocks in 8a\'0 (0) 
Hemains of the pre- KareJielic supracrustal rocks in 

the wide gneissose granite area of Eastern Finland 
Basal fonnations unknown 

The historieal outline on the stratigraphie elassifieation of the pre
Cambrian roeks in Finland shows that many of Sederholm's conclusions, 
whieh were guiding prineiples for the geologie al mapping at the time of 
their presentation, have been proved to be ineorreet by later investigations. 
However, Sederholm's rules for working out the pre-Cambrian stratigraphy 
are still the guide posts for future studies. Now, in l'etrospeet, we ean say 
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that Sederholm laid too great a signifieanee on some loeal uneonformities, 
and his eonelusions on the orogenie granites have been modified by later 
investigations. Furthermore, in many eases the separation of the age groups 
was erroneously based only on the different grade of meta,morphism. But 
at the same time we must eonfess that our present Imowledge on the strati
graphy of Finnish pre-Cambrian rock erust is not so high as was believed 
some deeades ago. The eonstruetion of the pre-Cambrian stratigraphie 
system has been, to use Sederholm's own words, like Penelope's weaving, 
unravelling nightly the work that has been done during the day. We must 
not, however, beeome pessimistie. The guiding prineiples in the study of 
pre-Cambrian stratigraphy set forth by Sederholm have been shown to be 
valid, and the new, more detailed geologieal mapping, taking into aeeount 
the struetural features, shows new lines for working out the intraformational 
stratigraphy of the metamorphie pre-Cambrian sehist formation . An 
attempt will be made in this paper to deseribe the sequenee of the supra
erustal rocks and eonditions of their sedimentation in the early Archean, 
Sveeofennidie roek erust of Southwestern Finland. 

THE TAMPE RE SCHlST BELT 

The classieal Bothnian sehist belt north of the town of Tampere belongs, 
aeeording to the views of orogenie classifieation, to the Sveeofennides. 
This eonelusion has been deeisively proved eorreet by the results of detailed 
geologieal re-mapping of the area. Many new observations show that the 
synkinematie granodiorites of the Sveeofennidie orogeny penetrate the well
preserved Botlmian sehists whieh pass in many loealities without uneon
formity into highly metamorphie gneisses of the Svionian type. Aeeording 
to our present views, the Sveeofennidie strata are represented in their present 
eondition by the sehists with different grade of metamorphism, and, there
fore, the interpretation of stratigraphy and sedimentation of the well
preserved supraerustal roeks of the Tampere sehist belt may be also eluei
dative for the study of highly metamorphie Sveeofennidie gneisses in 
Southern Finland. 

STRUCTURE AND STRATIGRAPHY 

The first interpretation of strueture and stratigraphy of the Tampere 
sehist belt was presented by Sederhol~ (1897) who eonsidered the Bothnian 
sehist zone as a eoherent bundle of supraerustal strata tilted into vertieal 
position by the orogenie movements. Sederholm did not assurne the folding 
teetonics, and, aeeording to his views, the base of the upturned strata was 
towards the south in the supposed line of the »sub-Bothnian uneonformity». 
By means of this simple struetural pieture it should be easy to determine 
the stratigraphie sequenee of the supraerustal rocks beeause a seetion on 
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the geological map from south to north, perpendicular to the strike of the 
chist belt, should represent the original succession of the strata from the 

oldest to the youngest member. Sederholm concluded that the varved 
,sediments of the southern part of the Tampere schist belt represent the 
lowest member of the Bothnian strata, underlying the basic volcanics of 
the northern part of the schist zone. This conclusion was in good harmony 
with the observations of graded bedding made by Sederholm on the eastern 
shore of Lake Näsijärvi, which show that the bases of the varves are mainly 
to the south. The new observations in the Tampere schist belt show, how
-ever, that the structure is more complicated than Sederholm supposed 
and that an intense folding has taken place. 

The study of the structural geology has been one of the main tasks during 
the course of the detailed re-mapping of the Tampere zone and the new ob
servations have already been described by many authors (Neuvonen and 
Matisto, 1948; Härme and Seitsaari, 1950; Seitsaari, 1951; Simonen and 
Kouvo, 1951; Huhma, Salli, and Matisto, 1952; Simonen, 1952). Structural 
features are, therefore, presented in this connection only as much as it is 
necessary for the interpretation of stratigraphie sequence of the folded 
supracrustal strata. 

All contributors on the tectonics of the Tampere schist zone have 
uggested nearly horizontal fold axes for the m ain folding , and vertical 01' 

steep axial planes, parallel to the bedding planes , striking in east-west 
direction. The folds with gently pitching fold axes are common in the wide 
varved schist areas and, furthermore, the variations in the position of 
the base of the succession, determined by the graded bedding 0 bserved on 
the shores of Lake Näsijärvi, indicate an intense isoclinal folding due to the 
horizontal compression acting along north-south lines (see Fig. 2). Gently 
plunging vertical 01' slightly overturned isoclinal folds are predominant, 
and sporadically there are also structures similar to the monoclines and 
structural terraces. All folds are characterized by true 01' flexure folding 
and the deformation of the varyed sediment seems to be due only to the 
liding through bending (cf. Simonen and Kouvo , 1951). 

Small isoclinal folds, typical in the wide varyed sediment area, have not 
been directly observed in the more competent parts of the Tampere schist 
zone consisting predominantly of basic volcanics, but by means of the 
graded bedding of thin varved sediment intercalations and by means of 
so me repeated beds one is, however, able to construct the isoclinal foIds, 
from many hundred metres to a few kilometres wide. The geological map 
of the schist belt (Map I), showing thin beds of remarkable length, supports 
the presumption of nearly horizontal fold axes. 

The best preserved part of the Bothnian formation trending from Vil
jakkala across Lake Näsijärvi into Teisko has shown to be a key area for 
the explanation of structure and stratigraphy of the whole Tampere schist 

3 5602/ 52 
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Fig. 2. Tectonic observations in the varved schists on the western shore of Lake Näs i
järvi. According to Simonen and Kouvo (1951). 1, bases of t he varves to the north; 2, 
bases of the varves to the south; 3, strik c and dip of bedcling and bedding cloavage; 4, 
fohl axis; 5, fole! axis of minor folds; 6, fracture cleavage; 7, lineation; 8, fault. Drawings 
of the folds: A, undulation anel 111il1or fo ld s with shear fractllres on the timb of an isoclinal 
fold; B, minor fold with fracture cleavagc and shear joints; C, ovorturned isoclinal fold;, 

D, 11l0noclil1e; E, steeply dipping fold. 
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Fig. 3. The Tampere schist bett. Observations on the superposition of thr strata and 
Iocation of Yertical seetions (A- D). Direction of arro\\" towards th e base. 1, supracrustal 

rocks; 2 illfracrnstal rocks. 
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belt, because there the excellent exposurcs of varved sediment make it 
possible to determine the superposition of the beds by means of graded 
bedding. The interpretation of the structure and stratigraphy of the Vil
jakkala- Teisko zone is described briefly below with the help of vertical 
sections (Fig. 4) . The locations of cross sections and the points of obser
vations on the superposition of nearly vertical beds by means of graded 
bedding are presented in Fig. 3. 

Explanation 0/ the cross sections 

A. Eastern side of Lake Näsijärvi. - This vertical section shows that 
the alternating beds of conglomerates and basic volcanics are bordered both 
in the south and north by quartz-feldspar schist. The superposition, de
termined by graded bedding, indicates that the tuffite conglomerate beds 
overlie the quartz-feldspar schists and the structure of this part of schist 
zone is a syncline. This structural picture makes evident that the deposition 
of the conglomerate beds has taken place after a volcanic phase represented 
by the basic volcanics, shown on the geological map of the discussed area 
between quartz-feldspar schist and conglomerate. The varved phyllites 
in the southern part of the cross section underlie the quartz-feldspar rocks. 
The structure of the Kämmenniemi area is anticlinal and there basic vol
canics overlie the quartz-feldspar schists. 

According to the structural picture, the sequence of the supracrustal rocks on 
the eastern side of Lake Näsijärvi is from the highest to the lowest member: 

- conglomerates and basic volcanics, 
- basic and intermediate volcanics (tuffites and porphyrites), 
- quartz-feldspar rock with thin intercalations of varved sediment, 
- varved phyllite. 



20 Bulletin de la Commission g6ologique de Finlandt' N: 0 160. 

01101 

Fig. 4. Vertical sections of the Viljakkala- 'reisko scrust 
zone. A, Eastern side of Lake Näsijärvi. B- C, The Ylö
järvi scrust area. D, 'rhe Viljakkala scrust area. 1, inira
crustal rocks; 2, basic and intermediate volcanics; 3, con
glomerates; 4, quartz-feldspar schists; 5, phyllites. Arrow 
shows the direction of the base determined by graded 

bedding. 

B-C. The Ylöjärvi schist 
area. - The structure as 
weH as stratigraphy of the 
Ylöjärvi schist area is simi
laI' to that of the eastern 
side of Lake Näsijärvi. The 
base of the Veittijärvi con
glomerate is to the south 
and a thick bed of basic and 
intermediate volcanics sepa
rates the conglomerates 
from the underlying quartz
feldspar rocks and varved 
phyllites. The conglome
rate of Veittijärvi is associa
ted with more numerous 
beds of quartz-feldspar rock 
and phyllite than the thick 
conglomerate member on 
the eastern side of Lake 
Nä ijärvi. The geological 
map, and order of super
position determined by gra
ded bedding, suggest that 
the structure of the north
ern part of the Ylöjärvi 
schist area is a wide syn
cline and, therefore, the con
glomera te bed of V ei t tij ärvi 
with associated thin beds 
of other sedimentary rocks 
appears again some kilo
metres north of the Veitti
järvi zone. The basic volca
nies, shown on the geologi
cal map between the con
glomerate zones, represent 
the highest stratigraphie 
mem bel' of the supracrustal 
rock series in this area. 

The varved phyllites, 
showing wide distribution 
in the southern part of the 
Ylöjärvi area, are intensely 
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folded (cf. Fig. 2). The base of the varved strata at the northern margin of 
the phyllite al'ea is to the south and so me few observations at the southern 
margin are opposite, suggesting that the large phyllite area of Ylöjärvi is 
probably a wide anticlinorium with many isoclinal folds. 

The conglomerates and basic volcanics of Tohloppijärvi in the southern 
part of the Ylöjärvi schist area may be connected on the basis of their 
lithologie features to the similar rocks in the Viljakkala-Teisko schist 
zone. 

C. The Viljakkala schist area. - The basic and inter mediate volcanics 
in the southern part of the Viljakkala schist area form the most western 
extension of the volcanics which occur at the northel'n margin of the Ylö
järvi schist area and they belong, therefore, to the volcanic member under
lying the conglomerates. To judge from base determinations, made by 
observation of graded bedding, the structure of the Viljakkala schist area 
is an anticline, the volcanics appearing in the northel'n part of the schist 
area as a result of folding. The volcanics overlie the sedimentary rocks, 
quartz-feldspar rocks, and varved phyllites, which occur in the central part 
of the schist area, and the stratigraphie sequence of the strata, i.e. basic vol
canics, quartz-feldspar schists and varved phyllites, is similar to that 0 btained 

Table 111. Stratigraphie sequence of the supracrustal rocks in the 
Viljakkala-Teisko schist zone. 

.'~.'. " 

............ ... ~. 

Rock types 

Basic volcanics 

Conglomerates and associated beds of 
othe'i- sedimentary rocks 

Basic and intermediate volcanics 

Quartz-feldspar rocks (arkoses, graywackes 
and pyroclastics) 

Varved edimen ts (gra ywacke-slates) 

Thickness in 
metros 

> 1000 

700- 800 

800-1500 

1500-2200 

> 3000 

> 7 000--8 500 Total thickness I 
~--------------~ 
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in the other sehist areas of the TampCl'e belt. South of the ViljakkaJa area 
the voleanies pass through quartz-feldspar rock into miea sehists and miea 
gneisses whieh represent the highly metamorphie varieties of the varved 
phyllites. 

The eonelusions drawn fl'om the explanations of vertieal seetions are 
summarized in Table III whieh shows the sequenee of the supraCl'ustal 
strata in the Viljakkala- Teisko sehist formation fl'om the highest to the 
lowest stratigraphie member. The thiekness of the different strata have 
been approximated from the vertieal seetions and from the geologieal map 
of the area (Map I). The thiekness of the suprael'ustal strata, visible in 
the Viljakkala- Teisko sehist zone, is up to 7 000- 8 500 metres, whieh 
must be eonsidered as a minimum for the original thiekness of the whole 
supracrustal series deposited in the Tampere area, beeause the basement 
is unknown and the highest yoleanie member of the strata is only partly 
exposed. We are not greatly \Hong, if we eonelude that the original thiekness 
of the strata has been at least 8 kilometres. 

The stratigraphie sequenee observed in the supraerustal rocks of the 
Viljakkala- Teisko zone, appears also in the easternmost part of the re
mapped Tampere sehist belt, northeast of the town Tampere . Aeeording 
to Seitsaari (1951), the sehists of the easternmost part form one nearly 
vertieal limb of a big fold and the base of the strata is towards the south, 
as indieated by graded bedcling. Therefore, a seetion from nOl'th to south, 
perpendieular to the trend of the sehist zone, will show the stratigraphie 
sequenee from the highest to the lowest member. The basic voleanies overlie 
the seclimentary strata represented by quartz-feldspar rocks and phyllites; 
the eonglomerates oeeur as interbeds in the basic voleanies. 

The strueture of the western part of the TampCl'e sehist belt is not known 
in detail, beeause the graded bedding, important for determination of 
stratigraphie sequenee, was destroyed by the metamorphie reerystallization. 
Some stratigraphie eorrelations to the sehists of the Viljakkala- Teisko 
zone ean be made only by means of the geologieal map and lithologie 
features . 

The geologieal map of the Tampere sehist belt (Map I) shows that the 
varved sediments of the Viljakkala- Teisko zone eontinue as a eoherent 
belt to the west, forming the predominant rock type of the Mouhijärvi
Suodenniemi- Lavia sehist zone. The grade of metamorphism inereases 
westwards, so that the varvecl phyllites pass gl'aduaJly into miea sehists 
and miea gneisses. Arkosie sandstones, representing the quartz-feldspar 
rocks of the Viljakkala- Teisko zone, oeeur only sporaclieally in the western 
part of the TampCl'e sehist belt. The basic voleanies of the Kankaanpää area 
may be eonneeted to those of the eastern part of the Tampere belt. The 
manner of oeeurrenee of the eonglomerates in the western part of the Tam
pere belt is, however, different from that in the Viljakkala- Teisko zone. 
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The conglomerates do not occur between the lower and upper volcanic 
members, as is the case in the Viljakkala-Teisko zone, but they form thin 
beds deposited before the main volcanic phase of evolution. The conglom
'erates of Suodenniemi, containing diorite boulders in an arkosic matrix, 
represent local denudation during the deposition of the supracrustal strata 
(cf. p. 12). 

It has not been possible to determine the stratigraphic sequence of the 
. upracrustal rocks in the separated, so-called Heittola schist area at the 
northern end of Lake Kyrösjärvi , but the rock types are lithologically very 
imilar to those of the Viljakkala- Teisko zone. A rich occurrence of acid 

porphyries is a special characteristic feature of the Heittola area. Many 
small, separated schist areas occur sporadically in the wide granite area 
,of Central Finland. The correlation of these schist areas in the parishes of 
Parkano, J alas järvi, Virrat , Vilppula, Saarijärvi, etc. to the coherent Tam
pere schist belt seems credible on the basis of many similar lithologic fea
tures of these rocks. 

Our present knowledge on the stratigraphy of the schists in the Tam
pere belt is still incomplete in many details, but the new methods of study 
how that the determination of stratigraphic sequence in ancient supra

.crustal beds, folded into vertical position, is possible in so me suitable cases. 
The summarized type section, presented in Table III , has shown to be valid 
in wide areas of the Tampere belt and it corroborates Sederholm's (1897) 
'Üonclusion that the basic volcanics overlie the sedimentary rocks in this 
dassical schist area. 

PETROGRAPHY 

The detailed petrographic descriptions of supracrustal rocks in the 
Tampere schist zone haye been presented in Sederholm's (1897 and 1931) 
papers. Many n ew investigations (Rankama, 1948; Simonen and Neuvo
nen, 1947; Seitsaari, 1951 ; Simonen and Kouvo, 1951) and explanations to 
the new geological maps (Huhma, Salli , and Matisto , 1952; Simonen, 1952) 
have completed the lmowledge on the petrology of this important area. 
The present author summarizes in this connection only so me main features, 
important for the interpretation of the origin and deposition of the supra
.crustal rocks. 

PHYLLI'l'ES AXD :\IICA SCHISTS 

Varved sediments, usually called phyllites, form the lowe t member 
of the stratigraphic sequence in the Tampere schist belt. They are char
.acterized by well-preserved graded bedding (Fig. 5) which has been inter
preted as seasonal, originated under cool 01' temperate climatic conditions 
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Fig. 5. Yan"ed sediment. Eastern hore oE Lake 
~äsijärvi. Ajonokka. Photo V. Pääkkönell. 

(Eskola, 1932). The thickness 
of the varves varies greatly from 
some millimetres to some met
res. The sequences of the thin 
beds show conspicuous similari
ties tü the Pleistocene varved 
clays, but cümmünly the varves. 
are rather thick, abüut 13 cm 
in average, and there are also 
süme megavarves, up tü 1- 3 
metres in thickness, which indi
cate extremelyrapid depüsitiün. 

The cüarse-grained psammi
tic base of the varves üften 
shüws petrographie features si
milar to that üf a graywacke 
sandstüne (Fig. 6). It contains. 
angular or su brüunded particles. 
üf quartz and feldspar anel 
sümetimes also. small rock frag
ments of quartzite and slate 
in the micrücrystalline matrix 
which is similar tü the fine
grained slaty upper pürtion üf 

the varve. The varved schists üf the Tampere area, therefüre, must be cünsid
ered as an intimate assüciation üf graywacke and slate. The sorting üf 
different material has not been complete, and the presence üf a remarkable 
amount of fresh feldspar shüws that the chemie al weathering üf material 
has been incomplete. Cüncerning the petrügraphic details of the varved 
sediments, the authür refers tü the recently published paper üf Simonen 
and Küuvo (1951), dealing with the excellent exposures of varved schist 
ün the shores of Lake Näsijärvi. 

The graded bedding has been destrüyed in many cases by the meta
morphic recrystallizatiün due tü the intrusiüns üf the infracrustal rocks. 
Then the graywacke-slates pass gradually intü highly metamorphie mica 
schists and mica gneisses, which are usually stratified rücks with granüblastic 
texture. The mica schists and mica gneisses are rich in quartz and felelspar 
and sümetimes they cüntain small porphyrüblasts üf aluminüus silicate 
minerals which indicate the Al 20 3-excess üf the primary rock. 

The chemical cümpositiün üf the varved sediments (Table IV, AnaL 
1- 12) varies within wide limits, früm that üf a shale tü that üf an arkosic 
sandstüne. The greatest part of the analyses are intermediate between 
the abüve-mentioned end members, ' shüwing that the separation of argilla-
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A. B. 
Fig. 6. Graywacke sandstone portions oI the varves. A. Particles of feldspar and quartz in a 
mica-rich phyllitic matrix. Lielahti. 1 km NW of the Niemi farm. 18 x. B. Particles of feldspar 
and quartz and sedimentogenous rock fragments in the fine-grained mat.rix containing chlorite, 

sericite, and disseminated carbon. Lielahti. 400 m l\W of the 1'liemi farm. 9 x. 
Photo A. Matisto. 

ceous from arenaceous materials has not been complete during the process 
of sedimentation. The varved rocks must be, therefore, considered as a 
mixture of clay and sand, and in addition some CaO-rich varieties (Table 
IV, Anal. 5 and 9) contain volcanic ash material. The average chemical 
composition of the varved sediments (Table V) shows conspicuous simi
larities to that of graywackes in many geosynclinal deposits. Normative 
relations of [01']: [Ab] : [An] are presented in Fig. 9 and comparisons 
with the chemistry of other Svecofennidic sediments are di cussed below 
(p. 44) . 

QUARTZ-FELDSPAR ROCKS 

In many localities the quartz-feldspar rocks of the Tampere schist belt 
overlie the varved sediments 01' occur as thin associated beds with conglom
erates of the area. They are usually massive, grey-colored rocks, especially 
in the vicinity of the phyllites, showing petrographie similarities to the 
graywacke portions of the varved schists . They contain small angular 
particles of quartz, feldspar, and rock fragments of slate, in a fine-grained 
mica-bearing matrix. In some varieties, occurring predominantly in close 
association with the conglomerates of the area, the mica-bearing matrix 
is lacking, the rock then resembling arkosic sandstone. A wide occurrence 
of an arkosic sandstone, showing cross bedding, has been described by 
Sederholm (1897) from Mauri in Suoniemi. 
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On the basis of mineralogical composition, the chemistry of sedimentary 
quartz-feldspar rocks is similar to that of the gray wacke portions of the 
varved schists. The chemical analysis of an arkose sandstone from Mauri 
is presented in Table IV, Anal. 13. 

Some very fine-grained varieties of quartz-feldspar rocks, lacking 
distinct evidences of sedimentary origin, are interpreted as acid pyroclastics. 
They are characterized by extremely high content of Na 20 , not known in 
ordinary weathering sediments (see Table IV, Anal. 14- 15). In many 
cases, however, it has been impossible to decide in the field whether a quartz
feldspar rock originally ha been a volcanic ash deposit 01' anormal sedi
mentary rock. Different kinds of quartz-feldspar rocks have been altered 
by metamorphic recrystallization into granoblastic leptites and leptite 
gneisses, having lost the structural and textural features of the primary rock. 

CONGLOMERATES 

Thick conglomerate deposits are characteristic of the Tampere schist 
belt and they have remarkable persistance along the strike. Conglomerates 
(Fig. 7) are poorly sOl'ted, containing well-worn, rounded 01' subrounded 
boulders and pebbles of different rock types in a heterogeneous matrix of 
sand, clay, 01' pyroclastics. 

The diversity of the pebbles in the conglomerates on the both si des of 
Lake Näsijärvi has been described thoroughly by Sederholm (1897). The 
pebbles are predominantly volcanics and sedimentary rocks of the same 
type as in the surrounding schist formation, and only some very few pebbles 
of granitic rocks have been observed. The predominance of basic and inter
mediate volcanic pebbles in the conglomerates of the Viljakkala- Teisko 
zone is easy to understand, because the conglomerates of this zone overlie 
a thick sequence of volcanics. Howeyer, only in one case has it been possible 
to determine with some probability the source of the pebbles: on the eastern 
side of the Yeittijärvi conglomerate the pebbles are predominantly of a 
well-known type of reddish-brown porphyrite occurring as a thick lava bed 
just south of the conglomerate occurrence. This evidence shows that the 
pebbles have not been transported very far . 

The matrix between rounded pebbles is often a mixture of sand and clay, 
containing small angular fragments of rocks and minerals. Sometimes basic 
pyroclastics, mixed usually with detrital material, form the predominant 
part of the matrix. 

The conglomerates are associated with thin beds of graywacke-slates and 
arkosic sandstones which indicate the rapid fluvial deposition of conglom
erates. On the other hand the rich occurrence of basaltic lavas, tuffites, 
and agglomerates as interbeds in the conglomerates of the Viljakkala-



AMi Si1nonen: Stratigraphy nnd RP(]imentation etc. 27 

Fig. 7. C'onglomeratp of Yeittijärvi. Photo J. J. Scc1erholm. 

Teisko zone are signs of a lively volcanic action at the time of conglomerate 
deposition. Some varieties intermediate between real conglomerates and 
agglomerates must be considered as volcanic conglomerates. 

The above-described conglomerates occur between lower and upper 
volcanic members of the stratigraphie sequence, and, therefore, they contain 
abundant volcanic material. OnIy two small conglomerate beds, underlying 
the basic volcanics, have been observed in the ViljakkaIa- Teisko zone and 
they are entirely lacldng in volcanic material. One of these beds occurs in 
Kämmenniemi just below the basic volcanics and it contains pebbles of 
quartz-feldspar rock in a sericite-rich, argillaceous matrix. Furthermore, 
a thin interbed of gravel, containing pebbles of quartzite in a clayey matrix, 
has been described by Seitsaari (1951) from the southern part of the wide 
phyllite area east of Lake NäsijärYi. 

The petrographie characteristics of the conglomerates in the Suoden
niemi- Lavia schist zone are different from those in the Viljakkala- Teisko 
area. The pebbles are predominantly of infraCl'ustal rocks and in so me 
localities the conglomerate material is derived from the underlying intrusive 
rock body (cf. Sederholm, 1931). The matrix of conglomerates has been 
primarily a poorly sOl'ted sandstone of arkose 01' graywacke character but 
it has been usually altered by metamorphie recrystallization into biotite
plagioclase gneiss. The conglomerates of the Suodenniemi--Lavia zone 
occur interbedded with mica schists and mica gneisses rich in quartz and 
felds par and they do not show an intimate association with basic volcanics 
as the thick conglomerate beds in the Viljakkala-Teisko schist zone. 

~-------- ---- ---- ----
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VOLCANICS 

Rich occurrence of basic and inter mediate volcanics is characteristic 
für the upper part of the supracrustal rocks in the Tampere schist belt, 
while in the lower part only some few thin interbeds of basic volcanics 
are found. Basic and intermediate volcanics are mainly pyroclastics, lava 
flows occurring only sporadically. The acid pyroclastics, described in con
nection with quartz-feldspar rocks, and so me small occurrences of acid 
lava flows are, however, interbedded with the sedimentary rocks of the 
area. 

Pyroclastics or tuffites are characterized by banding of different layers, 
causing a striped appearance, and many different varieties occur within 
a small area. The original clastic texture, showing fragments of plagio
clase or hornblende in the finer-grained matrix, can be observed onIy in 
the best-preserved parts of the tuffites. Thin agglomeratic and blasto
porphyritic beds afford the best evidence for volcanic origin. Tuffite inter
beds in deposits of fluviatile origin show that flowing water has reworked 
and transported the pyroclastic material and many intermediate varieties 
from basic pyrocIastics into graywacke sandstones have been found. Petro
chemically the analyzed basic tuffites (Table IV, Anal. 16- 23) are very 
similar to the basic lavas of the area. 

The volcanic rocks which crystallized from the lava flows usually show 
blastoporphyritic texture, but also other relict textures indicating a vol
canic origin have been observed. In his classical paper Sederholm (1897) 

Fig. 8. Perlite texturr. Western shore of Lake );äsi-
~ järvi. Lieluhti . 20 x. Photo A. Mati~to. 
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described porphyritic, ophitic, fluidal, and amygdaloidal types of volcanics. 
Pillow lavas have been found in the Viljakkala area (Stigzelius, 1944) and 
a vitrophyric perlite texture (Fig . 8) of volcanic glass has been observed in 
an acid, potash-rich lava flow in Lielahti. Intrusions of small sheet-like 
bodies of metadiabases, metagabbros and metadiorites (e.g. lavialites) are 
associated with extrusions . 

Or 

Ab 90 80 70 60 20 10 An 
Fig. 9. Normative [Or]: [Ab] : [AnJ diagram thc supracru tal rocks in thc 
'l'ampcre schist belt. 1, graywacke-slates; 2, quartz-feldspar rock ; 3, basic tuffi
t es; 4, porphyrites anel porphyrie; 5, field of gra~'wackc slates; 6, field of basic 

tuffites; 7, field of blastoporphyritic volcanics. Xumbcrs refer to 'fable IV. 

The chemical composition of volcanic rocks varies from basaltic to 
rhyolitic (Table IV, Anal. 24-46). Basaltic uralite and plagioclase porphy
rites are predominant, acid volcanics occurring only sporadically. Many 
intermediate types are found (cf. Fig. 9). The presence of trachyandesitic 
and some extremely potash-rich varieties is a peculiar characteristic of the 
volcanic rock family of the Tampere area. Seitsaari (1951) pointed out 
that the chemical composition of potash-rich types is not original, but that 
the potash of these rocks has increased by metasomatism. According to this 
interpretation, the well-preserved volcanic microtextures of potash-rich rocks 
(cf. Fig. 8) are, however, difficult to understand since metasomatism com
monly destroys primary textures. The importance of potash metasoma-
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tism has been also doubted by Seitsaari when he assumes (1951, p. 18) that 
)the existenee of traehyandesitie porphyrite and alka li-rieh feldspar porp
hyry may imply agentie alkaline tencleney of the lava differentiation 
in the area). Soda-rjeh varieties of lava roeks have not been found, 
though the analyzecl aeid pYJ.'oclasties (Table IV, Anal. 14- 15) are 
soda-extrema. 

x , 
• 2 

" J 
.. .. 

10 .. 4 - .... 

5 

~ w 
Fig. 10. Lime-alkali cliagram of t he volcanics in the Tampere area (cf. Table IV, 
Anal. 24-46) Abscissa, pereentage Si0 2; ordinate, percentage CaO or alternatively 

. Na 2ü + K 20. 1, CaO and 2, ~a20 + 1(20 for the normal caleic types of volcanics. 
3, CaO and 4, Na 20 + K 20 for traehyandesitic and potash-rich volcanics. 
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Fig. 11. Variation diagram of the volcanic rocks (Table IV, Anal. 2.,1-.,16) in the Tampere 
area. Differentiation curves are drawn for normal ealc-alkalic types of volcanic . Trachyandes

itic and potash-rich volcanics are marked by means of vertieal lines. 
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The lime-alkali diagram of the volcanics (Fig. 10) shows that the greatest 
part of them belongs to anormal calc-alkalic magma type. The lime-alkali 
index of the normal types is about 60, but the trachyandesitic and potash
rich lavas represent a more alkalic magma type whose lime-alkali index 
may be about 55. The variation diagram, based on the Niggli values given 
in Table IV, is presented in Fig. 11. The trachyandesitic and potash-rich 
rocks differ distinctly from the normal calc-alkalic t ypes . They have high er 
al- and alk-numbers, whereas the fm- and c-numbers are lower than those 
of the normal types of volcanics in the Tampere area. 

COKDITIONS OF SEDIl\1ENTATIO~ 

The interpretation of depositional history of ancient sediments has been 
made easier by the great progress achieved during the last years in the study 
of sedimentary petrology. The vertical changes, observed in the lithology 
of a stratigraphie column, make it possible to draw conclusions about changes 
of ancient environments with time, and furthermore , lithologie features 
and lithologie associations give an idea of the tectonic behavior of the un
derlying crust during the sedimentation. The newest studies have shown 
that the tectonics of the depositional area have strongly influenced the 
character and thickness of accumulating sediments. The many re cent 
investigations on sedimentation referred to and discussed in the excellent 
books of Pettijohn (1949) , Twenhofel (1950), and Krumbein and Sloss 
(1951) are important for students of Archean metamorphie rocks because 
the new tectono-environmental aspects of sedimentation show new lines 
for study of the earth's history as registered in the sedimentary rocks of 
fossiliferous as weH as nonfossiliferous formations. An attempt will be made 
in this seetion to reconstruct the chan ging conditions prevailing during 
sedimentation of Archean supracrustal rocks in the Tampere schist belt. 

Many contributions on the conditions of sedimentation of varved rocks 
in the Tampere schist belt have been presented. Sederholm (1897) pointed 
out the seasonal control of deposition and Eskola (1932) considered the 
varved sediments as seasonal accumulations under cold or temperate climatic 
conditions. Recently Simonen and Kouvo (1951) stated that the varved 
sediments of the Tampere area show many conspicuous similarities to the 
graywacke slates of other orogenie belts. According to the new in
vestigations on sedimentary tectonics (cf. Pettijohn, 1943), the graded 
bedded graywackes are typical representatives of thick detrital accumu
lations in geosynclinal basins with high degree of tectonic activity. 

The graywacke character of the sandstone portions of the varves in
dicates that the erosion, transportation, and sedimentation have been rapid. 
The chemical weathering and sorting of material have been incomplete. 
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crustal rocks in th e Tampere schist belt. 

B . Quartz-jeldspar 
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Gmywaclce-slates. 

Slaty, darker portion of a varve. Ajonokka. Aitolahti. Srderholm (1913, p. 23). 
,)Leptitic phyllite'). Vaavujärvi. Orivesi. Seitsaari (Hl51, p. 14). 
Phyllite. X of Lake Vaavujärvi. Teisko. Seitsaari (1951, p. 14). 
Yarved ph~'llite. Yalkeekivi. Ylöjärvi. Simonen anrl Xeuvonen (1947, p. 253). 
Varved sediment, dark layer. Mansonsalmi, lkaalinen. Huhma, SaHi and Matisto (1952, 
p. 70). 
Phyllite. Yaavujärvi. Orivesi. Seitsaari (195], p. 14). 
Phyllite. E of Lake Näsijärvi. Aitolahti. Seclerholm (1913, p. 23). 
('oarse-~rained, lightcr portion of the same varve as in Anal. 1. Ajonokka. Aitolahti. 
Sederh olm (1913, p. 23). 
Ph.\"llite. Ko kue. Jalasjärvi. Lokka (1950, p. 50- 51). 
Yarved schist. Yalkeekivi. Ylöjärvi. Simoncn and Neuvonen (1947, p. 253). 
Yan'ed srdiment, light layer of the ame van'e as in Anal. 5. ~lansonsalmi. lkaalinen. 
llllhma, SaHi and Matisto (1952, p. 70). 
Coarse-grained base of a megavarve rich in quartzite pebblcs. Reuhar i. Ylöjärvi. Si mo
nen and Neuvonen (1947, p. 253). 

Quartz-felds)Jar rocks. 

Arkose sands tone. ~fauri. Suoniemi. Sederholm (1913, p. 34). 
Quartz-fe ldspar rock, hälleflinta. Lepomäki. Ylöjärvi. Simonen and :\leuvonen (1947, 
p. 252). 
Quartz-feldspar rock, leptite. Kiviniemenlahti. Ylöjärvi. Simonen and i'lellvoncn (1947, 
p. 252). 

Basic aneL intermediate tu/fites. 

Calcite-bearing amphibolite. ~ of ValkeekiYi. Ylöjärvi. Simonen (1952, p. 65) . 
Albitc-epidote-chlorite schist. S of Lake Hirvijärvi. Ylöjärvi. Simonen (1952, p. 65). 
Basic tuffite. ::'\ of Paroinen. Ylöjärvi. Simonen (1952, p. 65). 
Basic tllffite. Koskue. Jala ·jiirvi. Lokka (1950, p. 50). 
Basic tuffite. Yähä-Antinsaari. Teisko. Simonen (1952, p . 65). 
Calcite-bearin~ amphibolite. Aitonicmi. Aitolahti. Simonen (1952, p. 65). 
Hornblende schist. :\lW shore of Lake Pappilanselkä. Orivesi. Seitsaari (1951, p. 14). 
Basic tuffite. Löytökorpi. Kankaanpää. Sederholm (1897). 

Blasto)Jorphyrilic t·olcanics. 

Uralite porphyrite'. "X of Kcijärvi. Ylöjärvi. Simonen (1952, p. 66). 
Porphyrite. ~lahlu. Saarijärvi . \\'ilkman (1936, p. 129). 
Lavialite. Lavijärvi. Lavia. Mäkincn (1915). 
Diabase. W of :'-,'iemi farm. Ylöjärvi. Simone'n (1952, p. 66). 
Uralite porphyrite. Mustajärvi. Parkano. Lokka (1950, p . 32). 
'l'ranchyandesite' . E of Mastosjärvi. YJöjän·i. Simonen (1952, p. 66). 
Trachyandesite. E end of Lake Vaa\"ujärvi. Orivesi. Scitsaat'i (1951, p. 14). 
Pla~ioclase porphyrite. Küalanniemi. Tkaalinen . fluhl1la, SaHi and JLatisto (1952, 
p. 70). 
Diorite porphyrite' . Paroinen. Y.löjärvi. Simonen (1952, p. 66). 
Porphyrite. ~[ahlll. Saarijär\"i. \\'ilkman (1936, p. 127). 
Porphyrite. Koskuc. Jalasjärvi. Lokka (1950, p. 50). 
Feldspar porphyr)'. E of Mastosjärvi. Ylöjärvi. il1lonen (1952, p. 66). 
Quartz-plagioclase porphyrv. Paroinen. Ylöjärvi. Simonen (1952, p. 66). 
Qnartz porphyry. Kiialanniemi. Tkaalinen. Huhma, Salli and l\1atisto (1952, p. 71). 
Potash-rich porphyry. Lielahti. Tampere. Simonen (] 952, p. 66). 
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The fine-grained, clayey matrix between coarse mineral particles and rock 
fragments shows that the deposition of arenaceous and argillaceous material 
have taken place at the same time. This is probably due to flocculation of 
argillaceous material by salt water in a marine environment. High boron 
content of the varved schists points also towards marine environment (cf. 
Simonen and Kouvo, 1951). 

The coarse-grained sandstones, with particles measuring up to 5- 7 
mm in diameter, support the idea of shallow-water, neritic environment 
of deposition. The accumulation of a 3 kilometres thick, continuous gray
wacke- late sequence has been , however, possible in the sedimentary basin 
which has subsided at the same rate as sediments were deposited. Rapidly 
accumulated varved rocks indicate accordingly a high degree of tectonism 
during sedimentation. These conditions are characteristic of geosynclinal 
deposition during which »poured im type of sediment accumulated in a 
mobile subsiding trough . New ideas on the geosynclinal deposition have 
been recently set forth by Kuenen and Migliorini (1950) who suggest that 
density currents, taking place along continental slopes, may carry the 
coarse clastic sediments to bathyal and abyssal depths and cause graded 
bedding, characteristic of many thick geosynclinal graywacke accumu
lations. 

The quartz-feldspar rocks of graywacke or arkose type, overlying the 
graywacke-slates, have accumulated under conditions of moderate sub
sidence in an unstable depositional area. The erosion, transportation, and 
deposition have continuously been so rapid that no complete chemical 
weathering has taken place. The graded bedding, characteristic of sedi
ments deposited in still bottom water, has been observed only in thin inter
beds of graywacke slates, but on the other hand the cross bedding and ripple 
marks, indicating deposition in stable platforms, are lacking, and the sand
stones are usually massiye. The sedimentation of poorly sOl'ted sandstones 
has probably taken place in a neritic environment but the associated acid 
pyroclastics and so me thin conglomerate beds suggest a transitional, littoral 
environment of deposition. 

The basic volcanics, overlying the sedimentary succession of gray wacke
slates and sandstones, represent more terrestrial conditions of deposition. 
They have accumulated probablyon the volcanic island arch systems rising 
from the geosyncline. This as umption explains the sour ce of detrital 
material for the deposition of thick conglomerate interbeds rich in vol
canic pebbles. The rapid sedimentation of thick heterogeneous conglomer
ates with associated sediments has taken place in the subsiding depositional 
areas along the margins of uplifted volcanic island arch systems. In 
accordance with this assumption is the mode of occurrence of the conglom
erates of the Viljakkala- Teisko zone which is similar to some Archean 
conglomerates ofthe Canadian Shield described by Pettijohn (1943) as basin-
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margin accumulations so that «the present outcrops coincide with the 
margins of original basins of deposition). Pettijohn concluded that )the 
conglomerates thus mark the limits of sedimentation in Archean time 
and give more pro mise of reconstruction of the paleogeography of this 
ancient time than might be expected). 

The characteristics and manner of occurrence of the conglomerates in 
the Suodenniemi- Lavia schist zone, however, deviate from those in the 
Viljakkala- Teisko area. Their sedimentation has taken place before wide
spread volcanic activity and the presence of diorite pebbles indicates a 
deep local erosion. The conglomerates and associated sediments of the 
Suodenniemi- Lavia zone are derived from a tectonically active area which 
has uplifted during the earliest orogenie disturbanees. These kinds of pos
itive intrageosynclinal geanticlines, giving material to subsiding sedi
mentation troughs, are typical in many geosynclines. 

The origin of the thick beds of basic volcanics corresponds to the acute 
time of orogenie evolution, taking place after the deposition ofaxial portions 
of geosynclinal sediments, graywacke-slates and sandstones. The lower 
horizon of basic volcanis, underlying the conglomerates in the Viljakkala
Teisko zone, consists of basic and intermediate tuffs and associated lava 
flows. Pillow lavas, characteristic of many orogenie belts, have been found 
only in the Viljakkala schist area. Submarine environment of deposition 
is indicated, however, by the tuffite interbeds in the water-depo ited sedi
ments, and the volcanic ash material has been reworked and intimately 
mixed with the weathering sediments. Thin interbeds of volcanic conglom
erates and agglomerates are common. The upper division of volcanics, 
overlying the conglomerates in the Viljakkala- Teisko zone, contains pre
dominantly basic tuffs and lavas, intermediate types not being so common 
as in the lower volcanic horizon. 

Taken as a whole, the supracrustal rock group of the Tampere schist 
belt shows conspicuous similarities to many geosynclinal deposits of later 
age. The thick accumulation of sediments and initial volcanic activity are 
characteristics of linear, mobile, so-called eugeosynclinal belts (cf. Kay, 
1947). Lithologie characteristics of sediments accumu1ated in subsiding 
geosynclinal troughs differ from those of sediments deposited in more stable 
areas and especially the lithologie associations (cf. Dapples, Krumbein and 
Sloss, 1948) give an idea of the tectonic conditions during sedimentation. 
Graywacke-greenstone association in many orogenie belts has been pointed 
out already by Bailey (1930 and 1936) and Tyrrell (1933) who consider these 
rocks as representing orogenie sedimentary and igneous facies. The cha
racteristics of eogeosynclinal association have been discussed thorough1y 
by Pettijohn (1943) who writes: ) ........ excessive thickness, especially 
of the cong1omerates, abundance of graded bedding, rarity of cross bedding, 
and absence of ripple mark, the graywacke nature of the arenaceous beds, 
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the absence of true quartzites and limestones and scarcity of normal ar
gillaceous sediments, and the association with greenstones and tuffs are all 
the earmarks of a geosynclinal fa eies of sedimentatiom. The thick supra
crustal rock group of the Tampere schist belt, measuring at least 8 km in 
thickness, shows all of the above-mentioned characteristics of the eogeo
synclinal deposits. 

SVECOFENNIDIC SUPRACRUSTAL ROCKS IN SOUTHERN 
FINLAND AND THEIR CORRELATION TO THE SCHISTS OF THE 

TAMPE RE BELT 

Supracrustal rocks showing lithologie similarities to the well-preserved 
schists of the Tampere area have a wide distribution in the broad Sveco
fennidic zone of Southern Finland. Seclerholm (1897) reported that the 
best-preserved parts of the Southern Finnish rock crust, consisting chiefly 
of basic volcanics, show many conspicuous analogies to the supracrustal 
strata of the Tampere area, and he connected many separatecl schist areas of 
Southern Finland, including the Tampere schists, in the same so-called 
Bothnian formation (see p. 10). Sederholm's correlation has been 
proved valid by many later investigations, but at the same time it has 
become evident that many gneisses of Southern Finland represent only 
highly metamorphie, coarse-grained alteration products of the well-preserved 
schists of »Bothnian type». According to our present views, the grade of meta
morphism of the Svecofennidic strata can vary within wide limits; so for 
example phyllites pass gradually through mica schists into mica gneisses, 
basic volcanics into migmatitic hornblende gneisses. In the following 
paragraphs the structural, stratigraphie, and petrographie features of the 
supracrustal rocks in Southern Finland will be briefly described and the 
correlations to the schists of the Tampere area will be cliscussed. 

STRUCTURE AND STRATIGRAPHY 

Structural geology of the Svecofennidic rock crust in Southern Finland 
is generally very complicated, and therefore stratigraphie conclusions based 
on the structural geology can be made only sporadically in some suitable 
cases. The present author will describe in this connection only such main 
features of the structural geology of Southern Finland as are necessary for 
stratigraphie interpretations. 

The preliminary results of the new geological mapping carried out by 
the Geological Survey of Finland in the broad belt of basic volcanics in the 
Kalvola- Tammela area support the assumption of structural features 
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similar to those met with in the basic volcanics of the Tampere schist area. 
The geological map (Ma,p II) indicates a nearly horizontal position of fold 
axes of principal folding although the linear structures observed on the 
nearly vertical bedding planes are generally very steep. Some repeated 
beds and a few well-preserved sedimentary structures which allow the 
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Fig. 12. A wide syncline west oi the town Hämeenl inn a ( imoncn, 19,1,9). 1, basic and 
intermediate volcanics; 2, acid tuffite, 3, mica schist; 4, infracrustal rocks; 5, strike 
and dip of stratification; 6, strike oi vertical st rat ification; 7, st rike and dip of foliation; 8, 
strike oi vertical foliation; 9, lin eation; 10, foliation with linear element; 11, vertical line
ation; 12, folding axis of minor fold (crenulation on the limbs of the big folds); 13, folding 
axis; 14, horizontal folding axis; 13 and H havo been determined by means oI the a-lin e-

ation and foliation. According to the fjeld observations of 1. Salli, ,)1. A. 
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determination of the sequence of beds suggest isoclinal folding. It has 
been possible to reconstruct by means of field observations some nearly 
vertical synclines and anticlines and they show that the basic volcanics 
overlie, in a similar manner as in the Tampm'e area, the sediments represented 
mainly by the mica schists and quartz-feldspar rocks. Unfortunately, the 
greatest part of the new observations on the structure and stratigraphy 
of the 'Tammela- Kalvola area are still unpublished. Simonen (1949) has, 
however, described a wide syncline west of the town of Hämeenlinna 
(Fig. 12) in which the mi ca schists underlie the basic volcanics. The syn
clinal structure and stratigraphie succession has been checked in this case 
by means of some few observations on the graded bedding visible in the 
best-preserved parts of the mica schists. 

The basic volcanics of the Kalvola- Tammela area border in the west 
on a wide area of mica gneisses or kinzigites (Map II). The kinzigites are 
intensely folded, fold axes as weIl as linear structures usually dipping gently 
towards the east. This structural feature and the geologie al map (Map II) 
suggest the idea that the kinzigites disappeal' under the basic volcanics, 
coming to the surface at the eastern side of the volcanic rock area. This 
suggestion is in harmony with observations made in the Tammela- Kalvola 
area, where basic volcanics overlie the sediments. According to our present 
views, it seems probable that the areas of basic volcanics correspond to deep 
synclines and depressions of the Svecofennidic mountain chain. The tectonic 
observations and the geological map of the volcanic rock area of Somm'o 
(Fig. 13) indicate that the diapiric updoming of wide migmatitic granite 
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Fig. 13. Geological sketch map of the omero district. 1, mica chists and mica gneisses; 2, 
quartz-feldspar rocks; 3, basic yolcanics; +, gabbros and diorites: ö. quartz-diorites an~ grano

diorites; 6, migmatitic microclinc granites; 7, dip of bedding planes; 8, fold aXIs. 
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bodies on both sides of the volcanics has tilted the strata into a wide 
depression. 

Metzger has described (1928, 1945 and 1947) the structural features of 
many limestone occurrences in Southern Finland and he can give many 
local interpretations on the stratigraphy of the Svecofennidic sedimentary 
strata. The cross section of the P arainen (Pargas) area (Fig. 14) by Metzger 
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Fig. 14. Cross section of the Paraillen (Pargas) area (Metzger, 1917). 
1, kinzigite; 2, amphibolite; 3, upper amphibolite; 4, limestone; 5, 

granitized kinzigite. 

(1947) shows that limestones and calcareous schists occur as thick inter
calations in the kinzigites. Many limestone deposits of Southern Finland 
occur also as intercalated beds in the sedimentary leptites. From the stra
tigraphie point of view it is interesting to note in this connection that the 
limestones and calcareous schists occur predominantly in the coastal area, 
but they are almost absent in the wide areas of the Svecofennidic rock crust. 
This peculiar feature of distribution is important for the interpretation of 
sedimentation of the Svecofennidic rocks in Southern Finland (see p. 59). 

The new geological mapping in the leptite belt of Southern Finland, 
trending from Kemiö to Lohja, indicates strong isoclinal folding and fold 
axes are generally nearly horizontal, pitching to the east 01' west. According 
to the preliminary results 1) of the detailed geological field work carried 
out by the Finnish Ore Company (Suomen Malmi Osakeyhtiö), the sequence 
of the supracrustal strata in the Orijärvi area is as folIows: 

1) lecture hold by Mr. Toivo Mikkola, M. A., September 28th, 1950, at the Gcological Society 
of Finland. Orijärven alueen rakennetta ja stratigrafiaa. Geologi. No 7. 1950. 
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- amphibolite (metabasalt), 
- polymietie eonglomerate, 
- ealeareous horizon eontaining leptitie sehists, 
- miea sehist. 

This sequenee of intensely folded and repeated strata is approximately 
only one kilometer thiek, but it shows so me conspieuous similarities to that 
of the Tampere sehist area. It is essential to note that the basie voleanies 
in this part of the Sveeofennidie ehain also overlie the sediments. 

Gently dipping fold axes and linear struetures have been observed also 
in the wide area of pyroxene gneisses in Western Uusimaa, but the strati
graphy is still poorly known. The geologieal map of the area (Parras, 1941) 
indieates an intense folding of the strata whieh eonsist mainly of kinzigites 
and ealeareous sediments metamorphozed into pyroxene gneisses. 

The struetural geology of the wide migmatite areas in the eoastal part 
of Southern Finland is very eomplieated. Many important details on the 
struetural evolution of the migmatite areas have been, however, presented 
in the studies of Wegmann and Kranek (1931), Kranek (1933 and 1937), 
and Edelman (1949). Sometimes the old designs of the primary Sveeo
fennidie teetonies ean be 0 bserved as a strueture reliet in almost entirely 
granitized parts of the migmatitie rock erust, but in many eases the diapirie 
upward movement of migmatite granite bodies has eaused steep axial 
pitehes. The struetural features of many migmatite areas must be regarded 
at the present state of our knowledge as a »versteinerter Unsinn», in the 
words of Hans Cloos (1947). 

Summarizing, we ean state that wide areas of the Sveeofennidie roek 
crust in Southern Finland are eharaeterized by intense isoelinal folding 
around nearly horizontal fold axes in east-west direction. The interpretation 
of struetural geology has given in some suitable eases possibilities for drawing 
stratigraphie eonclusions. The preliminary results suggest that in an parts 
of Southern Finland the basic voleanies overlie the sediments. Loeal inter
pretations on the stratigraphy of the Sveeofennidie sedimentary roeks in 
Southern Finland have been made, but mueh more data must be available 
before a reliable stratigraphie eorrelation of the sequenees observed in the 
different sehist areas should be attempted. The preliminary results of 
stratigraphie eorrelation suggest, however, that the new ideas on the strati
graphy as wen as on the eonditions of sedimentation, suggested by obser
vations in the Tampere sehist area, ean be used as working hypotheses for 
the explanation of the highly metamorphie schist formations in Southern 
Finland. 

PETROGRAPHY 

The main types of the Svecofennidie supraerustal roeks in Southern 
Finland will be briefly deseribed and the eorrelations to the sehists of the 
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Tampere area will be presented. Special attention is ealled to those petro
graphie features whieh may be useful for explaining the eonditions of 
sedimentation. 

PHYLLITES, l\IICA SCHISTS, AND l\IICA GNEISSES 

The widely distributed Sveeofennidie sediments are represented by 
three different types of mieaeeous sehists: phyllites, miea sehists, and miea 
gneisses (kinzigites). 

The phyllites oeeur only in the best-preserved Sveeofennidie sehist 
zone of the Tampere area and their petrographie features have been deseribed 
in this paper (see p. 23). 

The miea sehists, eontaining usually porphyroblasts of eordierite and 
andalusite, oeeur sporadieally in the sehist areas eharaeterizecl by the rieh 
oeeurrenee of basic voleanies and the stratigraphie position of the mi ca 
sehists seems to eorresponcl to that of the varvecl phyllites in the Tampere 
area. The reliet strueture of graded bedding, observed sporadieally in the 
well-preserved parts of the mi ca sehists in the Kalvola-Tammela (Eskola, 
1936), Renko- Aulanko (Simonen, 1948b and 1949), and Orijärvi (Tuominen 
and Mikkola, 1950) areas, justifies the eorrelation of varvecl phyllites and 
mi ca sehists. The graded bedding shows that the eonditions of deposition 
of the miea sehists have been similar to those prevailing during the 
sedimentation of the varvecl sehists in the Tampere area. 

Rieh oeeurrenee of strongly reerystallized mi ca gneisses is a eharaeteristie 
feature of the highly metamorphie and migmatitie Sveeofennidie rock erust 
in Southwestern Finland. The eoarse-grained garnet- and eordierite-bearing 
gneisses, so ealled kinzigites, are espeeially wiclely distributed. In Sweden 
and Finland the origin of the garnet-eordierite gneisses has been the objeet 
of many cliseussions. Some authors (' Vegmann and Kranek, 1931: 
Magnusson, 1936) have presented the garnet-eordierite gneisses as magnesia 
metasomatie rocks , originatecl in elose eonnection with the regional 
granitization. This assumption has been impoltant to the petrologieal 
interpretations of the modern transformists (cf. l:tead, 19J8). In the terms 
of the frontist geologists, the Finnish kinzigites represent the basic front, 01' 

widespread basification, advancing before the main theatre of granitization. 
The newest investigations (Hietanen, 19.J.3 and 1947; Metzger, 19J5; PalTas, 
1941 ancl 1946) , carried out in the wide mi ca gneiss areas of Southwestern 
Finland show, howe"er, that the kinzigites are paragneis es with the primary 
ehemical bulk eomposition and, therefore, there are no eviclenees of the »basic 
front» in the Finnish kinzigites. Niggli (1946), on the basis of the above
mentioned new Finnish studies and on the new petrochemical data of 
Finnish rocks, has also pointed out that kinzigites have not undergone 
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secondary enrichment in Fe, Mg and Ca. The sedimentary ongm and 
argillaceous character of the Swedish cordierite- and garnet-bearing gneisses 
in Sörmland has been po in ted out especially by Backlund (1937). 

The distinct sedimentogenous structures and textures of the Finnish 
kinzigites have been destroyed in many cases by the strong metamorphic 
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Fig. 15. 'rhe (al + fm)-(c Talk) diagram of the Svecofennidic supracrusta l rocks in South
western Finland . ], varved schists; 2, mica chists; 3, kinzigites; 4, quartz-feldspar rocks (leptitcs); 
5, calcareous sch ists; 6, tuffites: 7, blastoporphyritic volcanics. 'fhe Illllllbers refer to the chemical 

analyses in 'rabies IY, \'II and \'IIJ. 

recrystallization, but in the best-preseryed parts of the kinzigites in the 
Kalanti area there are alternating layers of arenaceous and argillaceous 
composition and in some cases the stratification resembles that of the varved 
sediments (cf. Hietanen, 1943). The indistinct banding of different layers, 
due to the primary variations in the sedimentary strata is, however, a 
common structural feature of the highly metamorphic kinzigites. Further
more, the calcareous concretions and graphite-bearing bands suggest t he 
sedimentary origin. The gradual transition from the mica schists into 
kinzigite observed in the some p ar ts of the Syecofennidic rock crust shows 
that the kinzigites represent only a highly metamorphic variety of the 
Syecofennidic micaceous schists . 

The chemical composition of the Svecofennidic phyllites (Table IV) , 
mica schists, and mica gneis ses (Table VII) varies within the ame limits and 
shows the chemical characteri tics of normal sediments rich in argillaceous 
material. The (al + fm)- (c + alk) diagram (Fig. 15) of the Svecofennidic 
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supracrustal rocks shows that the phyllites, mica schists, and kinzigites 
occupy the same field and differ distinctly from the other supracrustal 
rocks. Sandy portions of the megavarves (Table IV, Anal. 12) and the light 
layers in mica schists (Table VII, Anal. 54) reperesent the most siliceous 
members of the strata and they are similar to the Svecofennidic sandstones. 
Chemical analyses made from the psammitic and pelitic portions of the same 
sample (Table IV, Anal. 1 and 8; Table VII, Anal. 47 and 54; Table VII, 
Anal. 51 and 53) show that the sandstone portions are richer in Si0 2 but 
lower in Al 20 3 and K 20 than the corresponding pelitic parts. The difference 
between clay and sand portions is especially high in the cordierite-biotite 
schist of Kisko (Table VII, Anal. 47 and 54). This is, according to Tuominen 
and Mikkola (1950), due to the metamorphic differentiation related to 
folding. This same rock is unique because the content of K 20 in the sandy 
part is higher than in the dark portion. 

Table V. Average chemical composition of sedimentary rocks. 

I 
I 

75.5 1 8iO. 1) 12 64.32 8 68.59 14 64.51 19 73.08 64.2 68.1 77.8 58.10 
I TiO~ 11 0.67 8 0.56 14 0.61 19 0.38 0.5 0.7 0.6 - 0.65 

AlzOa 12 16.44 8 13.44 14 15.83 19 12.89 14.1 15.4 9.5 11.4 15.40 
Fe 20 a 12 1.38 8 1.55 14 2.36 19 0.66 1.0 3.4 0.9 2.4 4.02 
FeO 12 4.36

1 

8 5.26 14 4.67 19 2.69 4.2 3.4 1 2.6 - 2.45 
MnO 

I 
11 0.06 8 0.07 10 0.09 17 0.05 0.1 0.2 0.2 0.2 I -

MgO 12 2.00 8 2.33 14 2.91 19 1.19 2.9 1.8 1.6 0.1 2.44 
CaO 12 2.07 8 1.30 14 1.46 19 2.00 3.5 2.3 1.2 1.6 3.11 
Na 20 12 2.85 8 1.86 14 2.50 19 2.73 3.4 2.6 2.0 2.0 1.30 
K 20 12 3.86 8 3.04 14 3.10 19 3.20 2.0 

I 
2.2 1.5 5.6 3.24 

P 20 5 9 0.23 6 0.17 10 0.05 15 0.18 0.1 0.2 0.2 trace 0.17 
H 20 12 1.79 8 1.77 14 2.11 19 0.90 2.2 2.1 1.7 0.6 5.00 
BaO 1 0.05 3 0.12 - - 2 0.11 - - - - -
C 1 0.31 1 0.07 - - - -

1.
6

1 

- 0.2 - 0.80 
CO 2 - - - - -

I 2 

- - 0.5 0.4 2.63 
8 2 0.05 4 0.24 - 0.16 - 0.1 - -
803 - - - - - - - - - 0.64 

! ! 100.44 ! ! 100.37 ! ! 100.20 i ! 100.22 ! 100.00 ! !10o.4 ! 99.8 ! 99.951 

1. Graywacke-slate, Tampere schist belt (Table IV, Anal. 1-12). 
2. Mica schist, 80uthern Finland (Table VII, Anal. 47-54). 
3. Kinzigites, 80uthern Finland (Table VII, Anal. 55- 68). 
4. Leptites, 80uthern Finland (Table VII, Anal. 69- 87). 
5. Average graywacke. Pettijohn (1949). 
6. Average graywacke. Tyrrell (1933). 
7. Average subgraywacke. Pettijohn (1949). 
8. Average arkose. Pettijohn (1949). 
9. Average shale. Clarke (1924). 

The average chemical compositions of the phyllites, mica schists, and 
kinzigites (Table V) are very similar, suggesting that the same primary 
material has been metamorphozed in the evolution of the mountain chain, 

1) The numbers of this column show how many dcterminations have been available for 
calculation. 
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different ptx-conditions producing different grades of metamorphism. 
Chemical composition of the Svecofennidic micaceous schists varies from 
that of a shale to that of a sand, but the greatest part of the chemical 
analyses as weIl as the average compositions are intermediate between these 
extreme limits and show conspicuous similarities to the chemical com
positions of the graywackes of orogenie belts (cf. Table V), which according 
to Pettijohn (1943) average two parts shale to one part arkose. The gray
wacke-slate character of the phyllites in the Tampere area has been recently 
stressed by Simonen and Kouvo (1951). Parras (1946) has pointed 
out that the kinzigites of Southwestern Finland must be considered as a 
mixture of sand and clay. The chemical characteristics of the Svecofennidic 
phyllites, mica schists, and kinzigites show that the chemical weathering 
has been incomplete, and therefore these schists usually contain a remarkably 
high content of feldspar. 

The above described correlations show that the graded bedded graywacke
slates of the Tampere area have as counter parts the mica schists and mica 
gneisses in the highly metamorphic, Svecofennidic rock crust of Southern 
Finland. The stratigraphic position beneath the basic volcanics, the primary 
structural and chemical features of the phyllites, mica schists, and kinzigites 
are similar, suggesting that all these rocks have been deposited under similar 
conditions in the axial portion of the sediments in the Svecofennidic geo
syncline. According to this conclusion, the phyllites, mica schists, and 
kinzigites seem to represent three different metamorphic zones of the Sveco
fennidic graywacke succession. The mineralogical, structural, and textural 
characteristics as weIl as the mineral fa eies of the different isometamorphic 
zones of the Svecofennidic graywacke-slates have been summarized in 
Table VI. 

Table VI. Zones of isometamorphism of the Svecofennidic graywacke-slates. 

Mincralogy 
Zones of 

I 
Structure Texture Mineral facies I metamorphism Main Porphyro-

minerals blasts I 
phyllites quartz no porp- graded Blastoclastic epidote-amp-
(graywacke- feldspar hyroblasts bedding hibolite 
slates) biotite and/or facies 

chlorite 
muscovite amphibolite 

facies 

I , h' quartz andalusite stratified granoblastic I mlC,t sc lsts 
I feldspar cordierite (graded or porphyro-
I biotite bedding as blastic 
I muscovite rarity) 
I 

mic11, gneisses quartz almandine banded porphyro-
(kinzigites) feldspar cordierite blastic or 

biotite sillimanite granoblastic pyroxene-
hornfels facies 
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The grain size increases in the rock series phyllite--+mica schist--+ 
kinzigite and this is one of the best field evidences indicating the grade of 
metamorphism. But the mineral assembJages of the different schist types 
also show the different conditions of metamorphism. The stable mineral 
association cordierite- garnet- microcline, observed in the kinzigites of 
"\Vestern-Uusimaa, indicates PT conditions very similar to those in the 
pyroxene hornfels fa eies , and these kinzigites occur regionally in close 
association with pyroxene gneisses in which the assemblage hypersthene
diopside is characteristic (cf. Parras, 1941). The microcline, however, is 
not always stable together with cordierite and almandine in the Finnish 
kinzigites. The mineral associations of the wide kinzigite area of Kalanti, 
for example, correspond according to Hietanen (1943) to those of the 
amphibolite facies. Among t he kinzigites metamorphozed under the con
ditions of the amphibolite facies have been observed microcline-bearing 
varieties in which the altered cordierite is probably a relic from a high
temperature subfacies (cf. Hietanen, 1943; Simonen, 1949) . Summarizing, 
we can state that the Finnish kinzigites have been metamorphozed under 
temperature conditions ranging from those of the pyroxene hornfels facies 
to those of the amphibolite facies. 

The Svecofennidic mica schists are classical representatives of the amphib
oli te facies descri bed for the first time by Eskola (1914 and 1915) in the 
Orijärvi region. Cordierite and andalusite are the most common por
phyroblastic aluminous si licate minerals, almandine occurring in the iron
rich varieties. Sillimanite occurs together with andalusite only sporadi
cally. 

The phyllites in the Tampere area with excellent primary structures 
and textures represent the lowest grade metamorphism in the Svecofennidic 
rock crust. The mineral association biotite- muscovite- plagioclase is 
the most common one and indicates temperature conditions similar to those 
of the amphibolite facies . Some chlorite-bearing varieties, lacking the 
biotite, have, however, not reached the PT-conditions of the amphibolite 
facies. As a resu lt of contact metamorphism at the margins of intrusive 
bodies, varved sediments have been recrystallized, being now mica schists 
containing pseuelomorphs after porphyroblasts of aluminous sili cate mi
nerals. The normal phylli tes with the same chemical bulk composition do 
not contain aluminous silicate minerals typical of the amphibolite facies, 
and therefore may be considered as the products of low-temperature me
tamorphism. 

The different mineral assemblages of the metamorphie zones have 
originated at different temperatures prevailing during metamorphism. 
According to the mineral facies classification (Eskola, 1939), the progressive 
increase of temperature took place in the isochemical rock series phyllite --+ 
mica schist --+kinzigite. This increase is, however, very slight anel the greatest 



.d.hti Simonen : S tra tigraphy and sedimentation ctc. 47 

part of the Svecofennidic sediments have been metamorphozed under the 
conditions of the amphibolite facies. 

The main structural features of the Svecofennidic rock crust support the 
idea that the different metamorphie varieties of the graywacke-slates form 
strata many kilometres thick, underlying the basic volcanics. The phyllites 
as weIl as mica schists always occur just beneath the volcanics , representing, 
therefore, the upper part of the thick graywacke succession. It is a striking 
feature on the new geological map of Southwestern Finland (cf. Map II) 
that the micaceous schists of low and intermediate grade of metamorphism 
occur regularly in elosest connection to the basic volcanics. Outwards from 
the volcanic rock areas the phyllites and mica schists pass gradually into 
highly metamorphie mi ca gneisses. These geological evidences suggest 
that in the graywacke- slate succession of the Svecofennides a zone of a lower 
grade metamorphism overlies one of high er grade anel, therefore, the meta
morphic zones have in some elegree also a stratigraphie importance, as is 
the case in many other geological formations (reference must be made 
especially to the classical upwarel succession of gneiss, schist , anel phyllite 
of the Central European areal. In many cases, however , the zone of high 
graele metamorphism cuts across the beds, metamorphosing also the upper 
part of the graywacke slate into highly metamorphie mica gneisses. The 
mica schists of many schist areas of Southern Finlanel usually are in the 
same stratigraphie position as the phyllites in the best-preserved Sveco
fennidic schist area of Tampere. 

The relationship between stratigraphie position anel grade of meta
morphism seems to suggest that the increase of the grade of metamorphism 
is partly due to the elepth, but depth alone is not the main factor of meta
morphism. The field evielence from other formations shows that the grade 
of metamorphism eloes not always increase with elepth anel on the other 
hanel the lowest portions of many thick geosynclinal deposits are non
metamorphie. Many studies on the evolution of the Svecofennielic rock 
crust in Southwestern Finlanel (cf. IVegmann anel Kranck, 1931; Simonen, 
1948b; Eelelman, 1949) show that the deformation anel metamorphism of 
the supracrustal strata has taken place in elose connection with the mountain 
foleling anel with the intrusions of the synkinematic intrusive rocks. The 
temperature conelitions favourable for the regional metamorphism of the 
supracrustal rocks have been caused by the synkinematic intrusions in the 
root zone of the mountain chain, anel the lowest portion of these rocks were 
in a position deep enough to be changed into coarse-graineel gneisses by high
grade metamorphism. 

According to the ideas of Reael (1948) , the transfer of material has taken 
place in metamorphism of all graeles anel »the regionally metamorphosed 
rocks most likely result from the passage of waves 01' fronts of metasomatizing 
solutions out from the central granitization core about which arise the zones 
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of metamorphism». This interpretation requires that the migmatite front 
is not independent either in place 01' time of the metamorphie stratigraphy. 
The chemical data on the rock series phyllite -+mica schist -+mica gneiss 
in the Svecofennidic rock crust do not, however, support the idea of gradual 
change in the chemical bulk composition with the increase of grade of meta
morphism, and mention must be made that there is a distinct break in the 
ehemical eomposition of mica gneis ses and of migmatite granites. Further
more, the field evidence in the different parts of the Sveeofennidic rock 
erust shows that granitization occurred later than the metamorphism. 
Therefore, the migmatite front seems to be independent in time from the 
main phase of metamorphism. 

The deseription of the Svecofennidic sediments has lead us to the depth 
of the earth where many important rock-making processes have taken place. 
In the scope of the present study, dealing with stratigraphy and sedimenta
tion of the ancient supracrustal rocks, it is not possible to diseuss the pro blems 
of plutonic rocks in more detail. Therefore, the author hopes to be able 
in the near future to eontribute also to the knowledge of the plutonism in 
the Svecofennides. 

QU ARTZ-FELDSPAR ROCKS- LEPTITES 

Quartz-feldspar rocks 01' leptites occur richly in Southern Finland, 
especially in the Kemiö-Lohja zone, and their petrographie characteristics 
are very similar to those of the quartz-feldspar rocks in the Tampere schist 
area. This marked similarity has been already pointed out by Eskola 
(1932, p. 38) who writes: »Much of the fine-grained Bothnian quartz
feldspar rocks could weIl be called leptites , and certainly would be called 
so, if they occurred in the leptite regions». 

In earlier investigations the leptites of Southern Finland have been 
interpreted mainly as acid lavas and pyroclastics, but a purely sedimentary 
sandstone character of so me few leptites has been pointed out also. Through 
the new geological mapping in Southern Finland it has been shown, however, 
that the relative abundance of sedimentary leptites is greater than was 
supposed earlier. The leptites occur usually in elose association with mica
eeous sediments and the greatest part of the leptites contains minute amounts 
of aluminous silicate minerals (almandine, cordierite, 01' sillimanite), indi
cating the Al 2ü 3-excess typical for metamorphozed weathering sediments 
with a minute portion of argillaceous material. The distinct evidences of 
volcanic origin of leptites are rare. 

The origin of the leptites in the Kemiö-Lohja zone has been discussed 
recently in the papers of Tuominen and Mikkola (1950) and Eskola (1950). 
Tuominen and Mikkola suggest the sedimentary origin of the leptites be-
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(lause these rocks are characterized by an excess of alumina and are often 
clearly layered and »the amount of acid volcanics, probably existing among 
the leptites of the region, must be relatively smalh>. Eskola (1950) admits 
that the occurrence of sedimentogenous leptites is much more common 
than he had supposed in 1914, but at the same time he points out evidences 
for the volcanic origin of some leptites in the Orijärvi area. 

The data recently presented from the Kemiö- Lohja zone make it 
evident that there the origin of the leptites is very similar to that of the 
quartz-feldspar rocks in the Tampere area among which sandstones are 
predominant, but also some beds of pyroclastics and acid lavas occur. The 
new unpublished studies in the Tammela- Kalvola area also indicate that 
there the sedimentogenous quartz-feldspar rocks are more abundant than 
quartz-feldspar rocks of volcanic origin. The greatest part of the leptites 
in the Tammela-Kalvola area (Map II) are shown on the geologie al map 
between basic volcanics and mica schists, having, therefore, similar strati
graphie position as the quartz-feldspar rocks in the Tampere area. The 
leptites in the Orijärvi area also underlie the basic volcanics. 

The variations in the grade of metamorphism of the quartz-feldspar 
schists are not so distinct as those 0 bserved in the Svecofennidic, micaceous 
rocks. The lack of aluminous silicate minerals in the quartz-feldspar rocks 
of the Tampere schist area indicates pro bably a metamorphism of a lower 
grade than that of the leptites in Kemiö- Lohja zone. Occasionally leptites 
pass gradually into the coarse-grained leptite gneisses whose original 
tructures were entirely destroyed by metamorphie recrystallization. 

The chemical analyses of the leptites (Table VII, Anal. 69- 87) 
vary within wide limits, but usuaIly they show similarities to those of the 
.arkosic sandstones. The average chemical composition of the leptites 
{Table V) is similar to that of many arkosic sandstones. The (al + fm)
(c + alk) diagram of the Svecofennidic supracrustal rocks (Fig. 15) shows that 
the greatest part of the leptites deviate from the »magmatic field» and occupy 
a field corresponding to siliceous members of the Svecofennidic sediments. 
The chemical composition of many leptites is very similar to that of the 
sandstone portions of the graywacke-slates and many transitional types 
from pure arenaceous into argillaceous members occur. Most of the leptites 
roust be considered as impure arkoses mixed with argillaceous material 
.and, therefore, the sedimentary leptites are products of incomplete sorting 
.and weathering. Some leptites show chemical as weIl as textural charac
teristics (blastoporphyritic texture) of acid rhyolitic lavas, but soda and 
potash extreme types, common in the leptite region of Central Sweden, do 
not occur in Southern Finland (cf. Fig. 16). 
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cl'ustal rocks in Southern Finland. 

B . Kinzigites 
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A.. Mica schists . 

47. Dark htyer of luica schist. Haapaniemi. Kis.ko. Tuominen anel Mikkola (1.950, p. 77). 
48. Cordierite-andalusite ll1ica schist. S \\" of the town Hämeenlinna. Simon en (1948, p. 22). 
49. Corc1ierite-bearing mica schist. X of the town lIäll1eenlillna. Simonen (1948, p. 22). 
50. Biotite gneiss. Männäinen. Kalallti. llietanen (1943, p. 16). 
51. Dark layer of mica schist. Kisko. Lokka (1950, p. 22- 23). 
52. Phyllite. Hyyppiämäki. Kisko. Eskola (1914, p. 150). 
53. Light layer of mica chist. Kisko. Lokka (1950, p. 20- 21). 
54. Light la~'er of mica schist. I-Iaapaniemi. Kisko. 'l'uOll1inen and Mikkola (1950, p. 77). 

B. Kinzigites. 

55. Gamet kinzigite. Yellua. Kalanti. lIietanen (1943, p. 16). 
56. Cordierite-sillimanite kinzigite. Hietanen (1943, p. 16). 
57. Cordierite gneiss. Yellua. Kalanti. llietanen (1943, p. 16). 
58. Cordierite-garnet kinzigite. Kullanperä. Lappi. Hietanen (1943, p. 16). 
59. Cordierite kinzigite. Kuuantaka. Kalanti. I-lietanen (1943, p. 16). 
60. Garnet-cordierite kinzigite. Iläähäjärvi. Kalanti. Hietanen (1943, p. 16). 
61. Kinzigite. I-Iaarjärvi. Sammatti. Parras (1941, p. 502). 
62. Kinzigite gneiss. Parsby. Parainen. Metzger (1945, p. 23). 
63. Kinzigite gneiss. Limberg. Parainen. Metzger (1945, p. 23). 
64. Kinzigite. I-Iuhti. ::\'umll1i. Lokka (1950, p. 18- 19). 
65. Cordierite-garnet kinzigite. Pehto. Kalanti. Ilietanen (1943, p. 16). 
66. Cordierite gneiss. Attu. Parainen. Pehrrnan (1931, p. 24). 
67. Plagioclase-cordierite gneiss . . \' ellua. Kalanti. llietanen (1943, p. 16). 
68. Kinzigite gneiss. J.imberg. Pa rainen. Metzger (1945, p. 23). 

C. Leptites. 

69. Leptite, blastoporphyritic. Skogböle. Tenala. Eskola (1914, p. 137). 
70. Leptite. Stusnäs. Dragsfjärd. Lokka (1950, p. 22- 23) . 
71. Leptite, even-grained. Yetjo. Kisko. Eskola (1914, p. 141). 
72. Leptite. Samfällighet. Parainen. ;\letzgcr (1945, p. 36). 
73. Leptite gneiss. Niksor. Finby. Pehrillan (1952, p. 21). 
7-1. Plagioclase-biotite gnciss. Attu. Parainen. Pehrman (1931, p. 19). 
75. Leptite. Iilijärvi. Kisko. Lokka (1950, p. 22- 23). 
76. Plagioclase gneiss, diopside-bearing. lIerlllala. Lohja. Lokka (1950, p. 21) - 21. ' . 
77. Leptite, N of IIämeenlinna. Silllonen (19-18, p. 22). 
78. Leptite, blastoporphyritic. Lapinkylä. Kisko. Eskola (1914, p. 132). 
79. Leptitic schist. Enklinge. Kumlingc. Aland . Sederholm (1934). 
80. Leptite. Kulla. Dragsfjärd. Lokka (1950, p. 22- 23). 
81. Leptite gneiss. Lammala. Westanfjärd. Lokka (1934, p. 22-23). 
82. Leptite gneiss. Ollinsaari. Lohja. Lokka (193-1, p. 18- 19). 
83. Cordierite leptite. Paavola. Lohja. Parras (19-11, p. 502). 
84. Leptite. Kuovila. Pohja. Lokka (1950, p. 20-21). 
85. Leptite. potash-rich. Iilijärvi. Kisko. Lokka (1950, p. 22- 23). 
86. Leptite, even-graincd. Lüpola. Kisko. Eskola (191-1, p . 145). 
87. Leptite, even-grained. Aijala. Kisko. Eskola (191-1, p. 143). 
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OTHER SEDIMENTARY ROCKS 

The widely distributed, predominantly argillaceous or arenaceous sedi
ments in Southern Finland are sometimes associated with conglomerates, 
true quartzites, limestones, and calcareous schists whose areal distribution 
is, however, very small. 

Or 

Ab 90 80 70 6() 50 "0 .30 20 10 A n 

Fig. 16. Normative [Or] : [Ab] : [An] dia gram of the supracrustal rocks in Southern 
Finland. 1, mica schists; 2, kinzigites; 3, lept ites; 4, calcareous schists; 5, tuffites; 
6, blastoporphyritic volca,nics; 7, field of mica schists and kinzigites; 8, field of lep
tites; 9, field of tuffites; 10, field of blastoporph yritic volca,nics. Numbers r efer to 

Tables VII and VIII. 

Conglomerates occur as thin beds and they do not correspond to great 
unconformities, but only local intraformational interludes of sedimentation. 
Volcanic conglomerates and agglomerates are widely distributed especially 
in the porphyrite area of Tammela- Kalvola and they are lithologically 
quite similar to many occurrences in the Tampere schist area. 

True quartzites form only some very few occurrences in Southern Finland 
and they are entirely lacking in the Tampere schist area. The Svecofennidic 
quartzites are usually highly recrystallized glassy types, but sometimes 
relicts of blastoclastic texture and primary banding can be observed. 
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The rare occurrence of the quartzites in the Svecofennidic rock crust 
has given rise to many theoretical discussions because it was supposed that 
since argillaceous types show such a wide distribution, pure quartzites 
should also have been deposited on a large scale. According to Backlund 
(1937), the quartzites disappeared as a result of regional granitization, but 
this interpretation was criticized by Finnish geologists (Eskola and Nie
minen, 1938; Hietanen, 1938) because evidently quartzites are generally 
very resistant to granitization, remaining well-preserved. Eskola (1938) 
concluded that »quartzites, if they ever existed, have not been obliterated 
by granitization» and he suggested the removal by deep erosion would have 
been the main factor für their disappearance, although he admits at the 
same time that »there is no direct evidence of such an event registered in 
the rocks». 

The observations on the conditions of the Svecofennidic sedimentation 
presented in this paper indicate that chemical weathering has not been 
complete, also that transportation and deposition have been so rapid that 
the separation of argillaceous from arenaceous material has not taken place 
completely. Therefore, the suitable stable conditions for deposition of true 
quartzites have not been reached du ring the Svecofennidic geosynclinal 
sedimentation. The rarity of true quartzites in the geosynclinal association 
has been stressed especially by Pettijohn (1943) who points out that »true 
quartzites, with their cross-bedding and ripple marking, devoid of an 
argillaceous matrix, with an introduced mineral cement, belong to a 
different sedimentary facies from the graywackes». In the light of these 
conclusions it is easy to understand the rarity of pure quartzites in the 
Svecofennidic geosynclinal strata exposed on the present surface. The 
widely distributed Svecofennidic sediments are mixtures of clay and sand 
in different proportions, and the extreme end members, i.e. pure shales 
and true quartzites, are rare. Similar ideas on the rarity of the quartzites 
in Southwestern Finland have been pointed out by Eskola (1927) when he 
writes: »Die Sache muss wohl so verstanden werden, dass im Grundgebirge 
die Sandderivate meistens nicht als reine Quartzite, sondern als quarz reiche 
Glimmerschiefer, Gneise und Leptite vorhanden sind». Parras (1946) also 
has emphasized the impure character of the Svecofennidic kinzigites in 
which the separation of the hydrolysatic and residual sediments has been 
incomplete. 

PnTe limestones form many small occurrences in the southern coastaJ 
area of Southwestern Finland, but they are almost lacking in the wide 
area situated approximately north of the line Turku- Hyvinkää (see Fig. 1). 
The Tampere schist belt is also devoid of limestones. The Svecofennidic 
limes tones are usually calcitic, dolomitic varieties being subordinate. Con
eerning the petrographie and mineralogical details of the Jimestones the 
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author refers to the memoir »SUOmen kalkkikivi - Limestones in Finland» 
written by Eskola, Hackman, Laitakari and Wilkman (1919). 

The calcm'eous schists - diopside amphibolites and eliopside gneisses -
occur mainly in the same southern coastal area as the limestones. These 
stratified rocks have been originally marls in which the detrital material 
has been deposited simultaneously with calcium carbonate. In the present 
metamorphic condition so me varieties resemble mineralogically and che
mically the metamorphic basic volcanics, but usually their high content of 
CaO appears mineralogically in the form of eliopside, scapolite, 01' calcite. 
The chemical analyses of the Svecofennidic calcareous sediments are pre
sented in Table VIII (Anal. 88-99). In the (al + fm) - (c + alk) diagram 
'Üf the Svecofennidic supracrustal rocks (Fig . 15) the field of calcareous 
sediments differs distinctly from the other supracrustal rocks. 

The appearance of limestones and calcareous sediments in the lithologic 
association of the Svecofennides in the southern coastal area presupposes 
()onditions of sedimentation in some elegree different to those prevailing 
in the main part of the Svecofennidic rock crust, including the Tampere 
schist belt. This interesting problem will be discussed in the chapter 
»Summary and concluding remarks». 

VOLCANICS 

The metamorphic basic volcanics are widely distributed in so me parts 
'Üf the Svecofennidic rock crust. Dralite and plagioclase porphyrites with 
basaltic bulk composition (Table VIII) are the most common types of the 
blastoporphyritic volcanics. The uralite porphyrites have been primarily 
augite porphyrites and their chemical composition is normal basaltic, 
showing similarities to that of plateau basalts. The chemical composition 
'Üf the Svecofennielic lavas containing plagioclase phenocrysts ranges from 
normal basaltic to anelesitic. The acid blastoporphyritic varieties are sub
ordinate anel their chemical characteristics are poorly known. The blas.to
porphyritic leptites from the Orijärvi area (Table VII, Anal. 69 and 78) 
represent, according to E skola (1914) , the rhyolitic Svecofennidic lavas. 
The basic tuffites of Southern Finland are amphibolitic and their chemical 
()omposition (Table VIII) is similaI' to that of basaltic lavas. 

According to Barth (1936), the equation ab' + 2 di' + 2.3 hy' = 123 
gives the position of the boundary surface which separa tes basaltic liquids 
precipitating pyroxene from those lavas that precipitate plagioclase. If 
the left side is greater than 123 the basalt lies in the pyroxene field, but 
if the sum is sm aller than 123, then the basalt lies in the feldspar field. 
The calculations made by the present author show that the highly meta-

"'----------- - - - - - - -
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SiO z ···· . 
TiO z .... 
AI 20 3 · ·· • 

Fe 20 3 ... 
FeO ..... 
MnO .. . -
MgO .... 
GaO .. . .. 
Na 20 .... 
K20 ., .. 
P20S .... 
H 2O+ .. 
I-I 20 - ... 
G0 2 ..... 

I 

si .. . .... 
al ....... 
fm ...... 
c ........ 
alk ..... . 
k ...... · 1 
nlg ...... 

Table V 111. Chemical analyses of supra

A . Oalcareous schists 

8 1 89 90 I 91 1 92 I 93 I 94 1 95 I 96 1 97 1 98 1 99 

I ' 
49.30 49.61 51.37 50.511 55.281 57.44 23.78[ 37.46 48.40 48.02 60.24 60.92 

1.12 0.86 0.63 0.75 0.56 0.85 1.35 1.85 1.11 0.35 0.98 0.90 
6.59 7.23 14.02 13.27 15.21 22.11 7.97 17.53 15.77 15.04 13.0.! 14.50 
1.26

1 
0.92 2.04 - 0.89 0.20 6.26 1.36 0.40 0.07 1.30 0.72 

6.36 6.62 9.93 9.72 8.77 8.28 11.50 9.22 7.56 4.32 5.88 5.40 
0.19 0.09 

7.621 
0.11 0.05 0.07 - 0.13 0.02 - 0.10 0.11 

7.79 4.42 8.94 5.02 4.14 5.82 3.02 2.98 2.88 2.95 1.79 
30.90 27.93 12.75 13.03 16.32

1

11.76 12.03 11.18

1

10.16 11.36 11.01 12.65 
0.83 1.70 3.21 2.51 1.20 2.70 2.98 3.61 2.34 2.44 2.48 1.90 
0.69 1.60

1 

1.12 0.77 1.36 1.15 0.02 0.69 3.85 5.61 0.71 0.47 
0.12 0.22 - 0.01 0.19 0.47 - 0.69 0.17 - 0.13 0.36 
0.99 g~l } 0.40 

0.67 } 0.55 0.35

1

} 094 0.42 ~:n} 0.36 
0.51 0.23 

0.01 0.02 0.06 .~ 0.09 0.12 0.20 
19.20 9.231 - 1.30 0.86 - - - - 0.67 0.90 - I 

1 
" 99.83/ 99.69/100.12 /100.40! 100.59/100.16/ 99.54 /100.30/100.281100.541100.35/100.15\ 

1128 
I 
154 /164 42 1 75.6 103 106 113 114 119 184 190 

6.9 8.6 17.5 16.9 20.4 30.8 11.0 I 26.1 25.8 25 23.5 26.6 
32.1 I 25.8 45.5 46.6 35.3 31.5 53.0 1 33.7 30.8 23 31.7 24.4 
58.8 60.2 29.0 30.2 39.7 29.8 29.5 30.3 30.3 35 36.1 42.3 

2.2 5.4

1 

8.0 6.3 4.6 7.9 6.5 9.9 13.1 17 8.7 6.7 I 
0.351 0.38 0.19 0.17 0.43 0.221 

0.381 
0.111 0.52 0.60 0.16 0.14 

0.64 0.51 0.54 0.62 0.48 0.46 0.33 0.40 0.5.! ' 0.42 0.3.!. 

O. Blastop01'phyritic volcanics 

1111 1112 1 113 1 114 1 115 1 116 1 117 1 118 1 119 1 120 1 121 1 122 1 123 1 

SiO. ,I 48.64 49.731 50.18 48.99 50.781 50.26 52.98 52.391 56.06 52.28 54.131 55.371 63.68

1

' 
TiO~ 0.56 0.70 1.47 0.75 0.79 0.78 0.72 0.92 0.871 1.41 1.301 0.92 
AI 20 3 11.68 16.05 14.58 14.26 18.08 19.49 17.49 17.56/ 13.97 20.75 16.57[ 14.76 15.84 
Fe 203 10.57 2.44 1.27 1.56 2.80 2.30 0.54 1.33 1.41 2.351 2.25 1.86 1.80 
FeO 6.31 7.96 9.14 10.48 5.33 8.57 6.39 11.27 7.59 5.20 7.06

1 

9.55 4.55 
MnO 0.39 0.20 0.12 0.31 0.11 0.15 0.13 - 0.09 0.10 0.09 0.14 0.08 
MgO 6.78 7.84 9.90 5.77 5.72 4.12 6.00 4.87 6.95 2.70 4.94 3.81 1.99 
GaO , 10.88 10.22 9.60 12.64 10.80 9.74 11.33 8.84 9.48 8.18 6.381 6.13 5.93 
Na 20 2.90 2.99 1.98 1.69 3.12 2.06 3.16 2.18 2.06 3.82 3.64 2.07 3.42 
KzO I 1.01 0.61 0.49 0.41 1.00

1 

0.74 0.31 0.60 0.63 1.55 2.34
1 

2.36 2.02 
PzOs - / 0.12 - 0.66 - 0.15 - - - -I 0.15 0.73 -
H.O + I} 109 0.87} 170 1.52} 106 1.38 0.42 0.65} 056} 166 1.41 1.731} 050 
H;O- . ~ 0.16 . 0.14 . 0.041 0.15 0.22' . 0.06 0.10 . 

si 
al 
fm 
c 
alk 
k 

1 mg 

/100.181 99.751 99.661 99.90/ 99.55/ 99.791 99.681100.63/ 99.721 99.461100.431 99.91 /100.73 

1 I 1 
107 [112 113 

1 15.1 / 21.5 19.5 
51.9 46.0 52.6 
25.4 25.0 23.0 

1 

7.6 7.5 5.0 
0.191 0.11 0.14 
0.43 0.58 0.63 

115 1123 
19.7 . 25.5 
44.1 37.5 
31.8 28 
4.4 9 
0.14 0.18 
0.461 0.57 

127 1131 1132 
29.0 25.5 25.9 
38.3 36.5 44.2 
26.4 30.0 23.7 
6.3 8.0 I 6.2 
0.19 0.05 0.15 
0.40 0.61 , 0.41 

145 146 
21.3 34.0 
46.2 28.5 
26.3 2M 
6.2 13.1 
0.171 0.21 
0.58 0.39 

147 1163 1226 I 
26.6 25.6 33.0 
41.1 1 44.7 28.5 
18.7 19.4 22.5 
13.7 / 10.3 16.0 
0.30 0.43 0.28 
0.49 0.37 0.45 
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crustal rocks In Southern Finland. 

B. Tuffites 

1 100 I 101 1 102 1 103 I 104 I 105 I 106 I 107 I 108 1 109 I 110 

45.981 52.69 53.75! 52.35 54.17
1 

54.67! 55.52! 56.44 60.07 61.70
1 

65.96 
0.57 1.001 1.32 - 1.12 1.16 - 0.84 0.72 0.28 

16.35 17.02 16.10 15.82 16.15 16.69 15.53 16.17 16.72 13.83 11.13 
1. 78 2.01 6.36 0.48 2.70 1.411 0.27 7.72 1.26 1.26 0.80 
6.93 7.93 6.38 10.44 8.83 7.57 7.56 3.00 4.57 5.59 5.55 
0.14 0.20 0.27 0.16

1 

0.22 0.17 0.07 0.30 0.28 0.15 0.14 
7.61 4.27 4.53 4.42 4.81 4.411 5.93 2.02 1.75 2.18 5.25 

11.07 9.85 6.53 7.58 7.91 8.23 8.21 10.13 6.71 7.36 8.33 
2.811 3.11 3.81 2.64 3.02 3.08 2.56 1.17 4.75 3.37 1.41 
2.46 1.68 1.62

1 

1.57
1 

0.65 1.78

1 

1.77 1.181 0.77 2.42 0.35 
0.19 0.18 - 0.68 - 0.29 0.14 - 0.29 trace 0.18 

} ~:~~ } 0.61 } 1.1
8

1 ~:i~ : } 1.04 } O.~ 5:f~} 2.37! 5:!i ~:~~ ~:i~ 
- - - - - 0.10 - -_I 0.04 -
- - I 0.09 -I 0.61 0.07 - I - --

99.56! 100.55! 100.62! 99.82! 100.11! 100.54! 100.21! 100.50! 99.84 ! 99.53! 100.42 

1 
. . . .. . / 

1 1 I , I I , 
I 

si 103 134 139 142 142 1148 1150 166 1202 207 218 
al . ... . .. 21.7 25.4 I 24.6 25.3 24.9

1 

26.6 24.7 28.1 33.1 27.3 21.6 
Im . ..... 41.9 37.4 44.9 42.9 44.0 38.3 / 41. 7 34.2 25.6 30.2 43.5 
c .. . ..... 26.7 / 26.8 / 18.2 22.1 22.3 23.9 23.8

1 

'>2.1 I 24.2 26.4 29.6 
alk . . .. . . 9.7 10.4 12.3 9.7 8.8 11.2 9.8 5.6 17.1 I 16.1 5.4 
k ..... " 0.37 0.26 0.22 0.28 0.12 0.28 0.31 0.401 0.10 0.32 0.15 

1 mg . . . . .. 0.61 0.43 0.39 0.42 0.43 0.47 0.57 , 0.26 0.34 0.361 0.60 

A . Calcareous schis/so 

88. Calcite-hornblende rock. l'\iksor. Finby. Pelrrman (1952, p. 21). 
89. Diopside amphibolite. ~äkkilä. Kummi. Lokka (1950, p. 18- 19). 
90. Diopside amphibolite. Storgii.rd. Parainen. Metzger (1945, p. 41). 
91. Amphibolite (sedimentogenous). Niksor. Finby. Pehrman (1952, p. 21). 
92. Diopside amphibolite. Vetjo. Kisko. Eskola (1915, p. 49). 
93. Pyroxene amphibolite. Leikkilä. Sammatti. Lokka (1950, p. 20- 21). 
94. Diopsidc amphibolite. Parainen. Metzger (1945, p. 41). 
95. Pyroxene amphibolite. Sitarla. Kummi. Lokka (1950, p. 18- 19). 
96. Diopside-microclinc-plagioclase gneiss. Vihti. Lokka (1950, p. 18-19). 
97. Lime-rich gneiss. Ersby. Parainen. Laitakari (1921, p. 26). 
98. Augite-plagioclase-gneiss. Oinola. l'Iummi. Lokka (1950, p. 18- 19). 
99. Diopside-plagioclasc gneiss. Kettula. Suomusjärvi. Lokka (1950, p. 20- 21). 

B. Tutliles. 

100. Amydaloidal amphibolite. Valvinokka. Kisko. Eskola (1915, p. 73). 
101. Agglomerate, matrix. Kuovila. Pohja. Lokka (1950, p. 70-71). 
102. Amphibolite. Lammala. Westanfjärd. Lokka. (1934). 
103. Amphibolite. Ku ll a. Dragsfjärd. Lokka (1950, p. 22~23). 
104. Amphibolite. 'l'ytyri. Lohja. Lokka (1934). 
105. Amphibolite. Spikarna E of Hangö. Eskola (1914, p. 123). 
106. Metabasalt. Kumlinge. Aland. Lokka (1934, p. 27- 28). 
107. Basic tuffite. Koijärvi. Urjala. Sederholm (1891, p. 119). 
108. Intermediate tuffite. Aulanko. Simonen (1948, p. 22). 
109. Agglomerate. Skogböle. Tenala. Eskola (1914, p. 153). 
110. Hornblende schist. Kuovila. Pohja. Lokka (1950, p. 21). 

8 5602/ 52 



58 IluJlptin ue la Commission geologiquf' tle Finland0 K; 0 160. 

XX 
• 01 

morphic Svecofennidic basalts also agree very 
weIl with this equation. The sum ab' + 2 
di' + 2.3 hy' ranges in the Syecofennidic ura
lite porphyrites between 130- 121 and in the 
plagioclase porphyrites it is smaller than 120. 
This observation supports the idea that the 
primary chemical composition of the Sveco
fennidic basalts has not undergone great 
change during the regional metamorphism. 

\ 
-~A x jm 

A C 
X 

o alk 

150 200 

Fig. 17. Yariation diagram 01 the 
yolcanic rocks (Table YlII , Anal. 

111- 123) in Southern Finland. 

The petrographie and chemical charac
teristies (Table VIII; Fig . 16 and 17) of the 
Svecofennidic volcanies in Southern Finland 
are quite similar to those of the normal calc
alkalie types in the Tampere schist belt. Rocks 
similar to the trachyandesitic and potash-rich 
acid lavas of t he Tampere area have not 
been found in Southern Finland. The initial 
volcanism of the ancient Svecofennidic geo
syncline is repl>esented by the lavas of the 
normal basaltic suite and the spilite kerato
phyre assoeiation typical in many geosynclinal 
formations of younger age has not been found 
in t he Svecofennides. This is a special feature 
of the early Archean geosyncline. 

SUMMARY AND CONCLUDING REMARKS 

The supracrustal rocks and their lithologie association in the crystaIline 
root zone of the Svecofennidic, early Arehean mountain chain in South
western Finland bear a striking resemblance to the geosynclinal deposits 

('. lJ/nstoporphyritic rolcal/ics . 

111. l:ralite porphyrite. Pikonkorpi. Kah·ola. Sederholm (189 1). 
112. Blastoporphyritic a mphibolite. Hiilahden Sorro. Kisko. Eskola (1915, p. 51). 
113. Uralite porphyrite. Batvikcn. Stor Pellinge. BOfi(i1. Sederholm ( 1923, p. 3,*). 
11-1-. Urali te porph~'fite. ll iim~enlinn a. Simonen (19,*8, p. 22). 
115. Plai(ioc lasf' porphyrite. Ostf'r Rysskiir. Pernii. Sederholm (1923, p. 36). 
1 W. .-\. ncles ite. Liipola. 1\:isko. Lokka (1950, p. 22- 23). 
117. Hlastoporphyritic amph ibolitf'. Orijiirvi. Kisko. Eskola (J91+, p. WO). 
11 8. Hlastoporphyri t ic amphibol ite. Liipola. Kisko. Eskola (191+, p. 10'*). 
L19. Uralite porphyrite. Sadholm. Pellinae. Borga. i\läkinen (1915, p. 63'*). 
120. lIleta-andesite. Agghällan . Perna. Sederholm (1923, p. U). 
] 21. Plagioclase porph~' rite. Koskenkylä. Pernaja. Lokka (1950, p. ,*,*-,*5). 
122. Plagioclase porphyrite. Parola. llattula. Simonen (19,*8, p. 22). 
123. Meta-andesite. Pelli.llge. Perni!. Scderholm (1923, p. 51). 
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of various times. The graywacke basalt association, characteristic of 
the actively subsiding, so-called eogeosynclinal belts, forms an at least 8 km 
thick accumulation in the weIl-preserved Tampere schist belt. The eogeo
synclinal sediments in the Tampere district are represented by graded 
bedded graywacke-slates, arkose sandstones, and conglomerates. The initial 
geosynclinal volcanism has produced mainly tuffs and lavas of normal 
basaltic composition. 

The graywacke basalt association has also a wide distribution in the 
Svecofennidie rock crust of Southern Finland where the eogeosynclinal 
sediments are, however, highly metamorphie and strongly recrystallized. 
The graded bedded graywacke-slates of the low-metamorphic Tampere 
schist belt have as counter parts the mica schists and kinzigites in the highly 
metamorphie rock crust of Southern Finland, and the blastoclastic arkose 
sandstones are represented by granoblastic leptites. The basic volcanics 
of normal basaltic composition, showing conspicuous similarities to the 
volcanics in the Tampere area, are also widely distributed in Southern 
Finland. 

A characteristic feature of the Svecofennidic as weIl as of many other 
eogeosynclinal deposits is the rarity of true quartzites whose deposition 
requires tectonically stable platforms. Some few Svecofennidic quartzite 
occurrences mark probably local intervals in the strong tectonic intensity 
of the ancient geosynclinal belt. 

The limestones and calcareous sediments are lacking in the typical 
eogeosynclinal graywacke-basalt association of the Svecofennides, but they 
occur in the coastal area of Southern Finland where the deposition of cal
cium carbonate has taken place simultaneously with argillaceous and arena
ceous material. The calcareous fa eies of geosynclinal deposits is charac
teristic of the so-callecl miogeosynclinal belts which represent a transitional 
phase between eogeosyncline and craton (cf. Krumbein and Sloss, 1951). 
The sedimentation of limestones and calcareous sediments has taken place 
in shallow water in those marginal parts of the geosyncline where the tectonic 
activity during accumulation has not been so great as in the actively sub
siding eogeosynclinal belt. 

The rocks of the normal basaltic suite represent the initial geosynclinal 
volcanism of the Svecofennides and some few occurrences of trachyandesitic 
and potash-rich lavas in the Tampere schist belt show that only locally 
the magmatic evolution has produced alkali-rich lavas. The soda-rich 
spilite keratophyre association, characteristic of many geosynclinal belts 
of later times, has not been found in the Svecofennicles. 

The stratigraphie observations made in the different parts of the Syeco
fennidic rock crust support the idea that the basic volcanics overlie the 
sediments. The term »Bothnian group» can be applied to the Svecofenniclie 
strata characterized by rich oecurrence of basic volcanics and the term 
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~)Svionian group~) to the axial portion of geosynclinal sediments underlying 
the basic volcanics. However, at the present state of our knowledge, the 
drawing of a sharp, well-defined line between the above-mentioned groups 
is impossible. 
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minärt meddelande med tvellne kartor. S . 1-32. Deutsches Referat. 
1912 ................. . .. . .............. ... ......... . ....... . ... . 
\V i 1 k m a 11, "\V. W. ]{ya1'täl'a nivaföl'ändringar i östra Finlaud. S. 
1-40. 9 fig. Deutsches Refcrat. 1912 ..... . ............. . . . .. . . . .. . 
Bor g s t r ö m, L . H. Der Meteorit von St. M ichel. S. 1--!9. 1 F ig. 
3 Taf. 1912 . . . . ............. . ....... .. ............. . .. . .... . .. . 
1\1 ä kin e n, BeI' o. Die Granitpegmatite von Tammela in Finnland 
und ihre Minerale. S. 1-101. 23 Fig. 1913 ..................... .. . 
B s k 0 1 a, Pe n t t i. On Phenomena of Solution in Finnish Limestoncs 
}~inland . .P. 1-13. 1 fig. 1921 ... . ............ . ...... . . . ........ . . 
and on Sands tone filling Cavities. P . 1-50. 15 fig. 1913 .... . . . .. . 
Se der hol m, J. J. Weitere Mitteilungen über Bruchspalten mit 
besonderer Beziehung zur Geomorphologie von }'cnnoskandia. S. 1-66. 
27 Fig. I Taf. 1913 . . ... . ............... . ...... . . . ....... - ...... . 
'1' an n (' r, V. Studier öfvcr kvartärsystcmct i Fennoskandias nordliga 
delar. IH. Om laudisens rörclser och afsmältning i finska Lappland och 
angränsande trakter. S. 1-815. S. 1-815. 139 fig. 16 tafl. Resumc en 
fran~ais: Etudes sur le systeme quartel'llair e llans le partics sC'ptentrio-
nales de la }'ennoscandia. IH. Sur la progression ct le cours de la 
rccession du glacier cOlltinental dans la Laponie finl andaise et les 
regions envirounantes. 1915 . .. ....... . ... . . .. ................. . . . 
.I:l a c k man, Vi c tor. Der gemischte Gang von Tuutijärvi im 
nördlichen Finnland. S . 1-·n. 9 Fig. 191± ...... .. .. . .. . ......... . 
B s k 0 1 a, Pe n t t i. On the Petrology of thc Orijärvi region in South-
western J<'inJand. P. 1-277. 55 fig. 6 plates. 2 maps. 1914 . ........ . 
Bo r g s t r ö m, L. H. Die Skapolithlagcrstätte von Laurinkari. S . 
1-30. 7 Fig. 1913 ......................... . .... . .. . .......... . . 
H a c k man, Vi c tor. über Camptonitgällge im mittleren Finnland. 
S . 1-18. 3 Fig. 191± . .. . . . ...... . .. . ............ . ........... .. . . 
\V i I k III a 11, W. IY. Kaleviska bottel1bi ldn ingar vid Mölönjärvi. Fl. 
1-36. 11 fig . Hesume en fmngais . 1915 ............. . . ... .... .... . . 
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.J:: s k 0 1 a, P e n t t i. Om sambandet mellan kemisk och mineralogisk 
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5 fig. English Summary of the Contcnts. 1913 ......... . ... ... .. . . 
Ai 1 i 0, J u I i u s. Die geographische Ent\\'icklunO' de Ladogasees in 
postglazialer Zeit und ihre Bezi ehung zur steinzcitlichen Besieclelung. 
H. 1-158. 51 Abbilc1. 2 Karte'n. 1915 ............................. . 
Lai ta kar i, Aar n c. Le gisement de calcail'e cristallin de Kirmon-
nipmi ii. Kol'po cn Pinlandc. P. 1-- 39. U fig. 1916 ............... . 
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Icr ta österbotten i Pinlancl. S. 1-152. 25 fig. 1 km·ta. English Swn-
mar." of the Content. 1916 ............ _ .......... ........... _ .. . 
S e el e rho I m, J. J. On Synalltctic :Minerals anel Relateel Phcnomena 
(Reactiou Rims. Corona ~Iinerals, Kelyphite, :Myrmekite, &c.). P. 1-
U8. H fig. in the' t('xt and 48 fig. on 8 p lates. 1916 ............. . 
\\' i I k III a n, '\\'. W. Om en prckalevisk ln-artsitfol'mation i nOl-ra delcn 
af Kuopio socken . 8. 1-18. 7 fig. Hcsumc en fran~ais. 1916 ....... . 
Sau ra m o. ~I a t t i. Geochronologische Studien iiber die spätglaziale 
Zeit in SüdfiJUuand. S. 1----14. 5 Ahbild. ,1 Taf. 191 ............. . 
Lai t a kar i, Aar n c. Einige Albitepidotgcsteine von Siidfinnland. 
S. 1-13. 5 Abbild. ]918 ...... _ ............ . ...... . ..... .. ..... . 
13 ren ne r, '1'. H. tber 'l'heralit und Ijolit von Umptek auf der 
Halbinsel Kola. S. 1-30. 4 Fig. 1920 .. __ , ...................... . 
11 ac k man, Vi c tor. Einige kritische Bemerkungen zu Iddings' 
Ulassifikation der Eruptivgesteine. S. 1-21. 1920 .............. ... . 
Lai t a kar i, Aar n e. über die Petrographie' uncl :Minemlogie' der 
Kalksteinlagerstätten von Parainen (Pal'gas) . S. 1-113. ,10 Abbild. 
3 '1'af. 1921 .... . .... . .............. . ................... . ...... . 
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6-! fig. 8 plates. 1 map. ] 923 ... .................... .. .......... . 
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crgänzt von Victor Hacklllan. S. 1-19. 19 Fig. 1923 .... .. .......... 60: -
Sau r a m 0, M a t t i. tudies on the Quatel'llar)' Yan-e Sediments in 
Southern Finland. P. 1-16-!. 22 fig. in the text. 12 fig., 1 map and 
2 diagrams on 10 plates. 1923 .. ............ .................. .... 200:-
il ac k man, Y i c tor. Der Pyroxen-Granodiorit ,on Kakskerta bei 
Abo und seine Ioc1ifikationen. S. 1-23. 2 Fig. 1 I,arte. 1923 ...... 60:-
\V i 1 k man, IV. IY. Tohmajärvi-konglomeratet och de s fÖl'hällande till 
kaleviska skifferIormationen. S. 1-43. 15 fig. 1 kal'ta. Deutsches 
Referat. 1923 ............... . .. . . .... .. . ................. .... .... 80:-
11 ac k mall, Y i c tor. über einen Quarz~yellitporphyr von Saari elkä 
im finnischen Lappland. S. 1-10. 2 Fig. 1923 . .. . ... . ........ .. .. 60: -
l\f e t z ger, A d 0 I f A. T h. Die jatulischen Bildungen von Suojärvi 
in Ostfinnland . S. 1- 6. 38 Abbild. 1 Taf. 1 Karte. 192-! ....... . .. 120: -
Sax e n, ~f art t i. ther die Petrologie des Otramaragebietes im öst-
lichen Finnland. S. ]-63. 13 Abbild. 5 Fig. auf 1 Taf. 2 Karten. 1923. 120 : 
Ba m s a y, \\' i I hel m. On Relations bet\\'een Crustal :Moyements and 
Variations of Sea-Le\-el c1uring thc Late Quaternary 'rime, especially in 
Fennoscandia. P. 1-39. 10 fig. 192-! ............................ 0 : -
Sau r a m 0, M at t i. Tracing of Glacial Boulc1ers and it Application 
in Prospecting. P. 1-37. 12 fig . 192-! ... .. ... . ...... . ...... .... . . 80:-
'1' a n n e r, V. Jord kred t i Jaarila. S. 1-18. 2 fig. 10 bild. Rcswne 
en fran<;ais . 192,1 . ...... . .. .. .... . ...... . .................... .. .. 60:-
Aue r, V ä i n Ö. Die postglaziale Geschichte des Vanajavesisees. S. 
1-132. 10 Fig. 10 Taf. 11 Beil. 192,1 .. ......................... . 200:-
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i'3 cd<' rho 1m, J. J. The Average COInposition of the Earth's Crust 
in l'inland. P. 1-20. 1925 ........................ .. .... . ........ . 
W i 1 km a n, W. W. Om cliabasgängar i mellersta Finlancl. S. 1-35. 
8 fig. 1 ka rta. Dputschcs Referat. 192-! ...... . ............... . . . .. . 
Ha c km an, Vi c tor. Das Gebiet der Alkaligestein<, \'on Kuolajän'i 
in 'ordfinn land. S. 1- 62. 6 Fig. 1 'l'af. 1925 . . ................. . 
L ai ta kar i, Aar n e. tber das jotJlische Gebiet von Satakunta. 
::;. 1-43. 1-! Abbild. 1 Karte. 1925 ............................. . 
Met z ger, A d 0 I f A. 'l'h. Die Kalksteinlagerstätten \'on Ruskeala in 
Ostfinnland. S. 1-2-!. 9 Abbild. 2 Karten. 1925 .. . .............. . 
.J<' l' 0 s tc l' U s, Ben j. U<,ber die kambrischen Sedimente d(>r karc· 
lischpn Land('nge. S. 1-52. 1 Fig. 1925 ............ . ... . ........ . 
11 aus l' n, 11. über die präquartäre Gl'ologie d('s Petsamo·Gebietes am 
'c;ismecrc. S. 1-100. 13 Fig. 2 Taf. 1926 ......... . ............. . 
, e der 11 0 I m, J. J. On Migmatitl's and Associated Pre·Carnbrian 

H,ocks of South\\"<,stel'll Finland. Part Ir. '1'he Region around the Barö· 
sundsfjä1'd W. of H elsingfo1'S amI Neighhou1'ing Areas. P. 1-143. 
57 fig. Ül the t('xt and H fig. on 9 plate . 1 map. 1926 ........... . 
V ä Y I' Y n e n, 11 e i k k i . Gl'ologische und petrographischl' Unt('1'· 
suchungen im Kainuugebiet<,. S. 1-127. 37 Fig. 2 'l'af. 2 Karten. 1928 
11 ac k rn an, Vi c tor. Studien über den Gesteinsaufbau der Kittilä· 
Lappmark. S. 1-105. 23 Fig. 2 Taf. 2 Karten. 1927 ............. . 
Sau r a m 0, 11 a t t i. über die spätglazialen Niveau"e1'shiebungen in 
'ordka relien, .J<'innland. S. 1-41. 8 Fig. im Text. 11 Fig., 1 Karte und 

1 Profildiagr. auf 7 Taf. 192 . ................................ . 
Sau l' a m 0, M a t t i und A u (' r, V ä i n ö. On the DevelopnH'nt of 
Lake lIöytiäinl'n in Carelia and it Ancient Flora. P. 1-42. 20 fig. 
4 plates. 1928 .. ............. . ........ .. .... . .................. . 
Lok k a, Lau r i. über \\'iikit. S. 1-68. 12 Abbild. 192 ......... . 
Se der hol m, J . J . On Orbicular Granit(', Spotted and Nodular 
Granites etc. and on the Rapakivi 'rexture. P. 1-105. 19 fig. in 
the text and 50 fig. on 16 plates. 1928 .................. . ........ . 
::; a u I' am 0, M a t t i. übel' das Verhältnis der Ose zum höchsten 
Strand. S. 1-17. 1928 ... . ............. . ....................... . 
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8 a u l' a m 0, M a t t i. 'rhe Quaternal'Y Geology of Finland. P. ]-110. 
39 fig. in thc text and 42 fig. on 25 plates. 1 ma p. 1929 ............ 2-!0:-
8uom('n Geologisl'n i':leuran julkaisuja - Meddelanden frän Geologiska 
Sällskapet i Finland - Cornptes Rendus de la SociCte gcologique de 
.J<'inJande, Ir. P. 1-175. -!8 fig. 8 planches. 1929 .................. 280:-
'1' an n e r, V. Htuclirr öV0r kvartärsystemet i Fenno, kandias nordliga 
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utvecklingen eHer istiden i l shavsfinland samt om homotaxin av Fenno· 
skandias kva1'tära marina avlagringar. S. 1-589. 8-!. fig. -! ta,,!. 1 
karta. Rcsum6 <,n fl'an<;ais: Etudes ur le . ysti'me quaternaire dans l('s 
parties septentrionales dc la P nlloscandil'. IV. Flur le changements !Ic 
niveau et les traits fOlldamentaux du d6veloppement gcographiquc de 
la .J<'in lande aux confi ns de l'occan Arctique ap1'cs l'cpoqut' glaciai1'e et 
sur l'homotaxie du quaternai1'c marin en Fennoscandic. 1930 . . ...... 600:-

N: 0 89. \V e g man, C. E. und Kr an c k, E. Ir. Beiträge zur Kenntnis der 
Svecofenniden in Finland. r. "('hersieht übl'1' die Geologie dt's Fels
grund('s im Küstengebietc zwischen JIelsingfors und Onas. H. Petro
logische Übersicht des Küstengehietes E von JI\'lsingfors. S. 1-107. 
4 ./<'ig. 16 Taf. mit 32 Fig. 1 tbt'rsichtskarte. 1931 . ......... . .. . .. 160:-

~: 0 90. II aus e n, H. Geologie clPs Hoanlahti·Gebietes im südlichen Karelien. 
Bin Beitrag zur Kenntnis der Stratigraphie und tektonischen Ver· 
hältnisse der Jatulformation. S. 1-105. 23 Fig. im '1'ext und 12 Fig. 
auf .. 'raf. 1930 ................................................ 200:-

N: 0 91. Se cl e ]' hol m, J. J. Pn'·Quatemary Rocks of Finlanl!. Explanatol'Y 
Notes to accompany a General (}eological Map of Finland. P. 1-47. 
40 fig. 1 map. 1930 ........ . ........ .. ........ .. ............. .. 120;-
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Suomen Geologisen Seuran julkaisuja - Meddclalldell fran Gcologiska 
Sällskapet i Fillialld - Comptcs Rendus de la Soci6üi geologique de 
.r'inlande, III. P. 1-140. 29 fig. 3 planches. 1930 .................. 200:-
Suomen Geologisen Seuran julkaisuja - Meddelanden fran Geologiska 
Sällskapet i Finland - Comptcs Rendus de la Societe geologique de 
.r'inlande, IV. P. 1- 68. 12 fig. 6 planches. 1931 . . . . . ... . .... . .. .. .. 160: -
.1::\ renn e r, '1' h 0 r d. Mineraljordarternas fysikaliska egenskaper. S. 
1-159. 22 f ig. Deutsches Referat. 1931 ...... . ........ .... ....... 280:-
S e der hol m, J. J. On the Sub-Bothnian Unconformity and on 
Archroan Rocks formed by Secular Weathering. P. 1-81. 62 fig. 
1 map. 1931 .. . .... . . . ... .... ..... . . .... . . . . . . . . .. .. . . .......... 200:-
Mi k k 0 1 a, Er k k i. On the Physiography and Late-Glacial Deposits 
in Northern Lapland. P. 1-88. 25 fig. 5 platcs. 1932 . .. ... .... .. 200:-
Suomen Geologisen Seuran julkaisuja - Meddelanden fran Geologiska 
Säll skapet i Finlalld - Comptes Rendus de la Societc gcologique de 
.r'inlande, V. P. 1-77. 15 f ig. 1932 .. . .... . ........... . ....... . . . 160:-
Se der holm, J. J. On the Geology of Fennoscandia. P. 1-30. 
1 map. 1 table. 1932 __ .. . . ... . ...... . . . . ... ............. . . . . . ... ]20:-
'1' an n e r, V. The Problems of the Eskers. The Esker-like Gravel 
Hidge of Cahpatoaiv, Lapland. P. 1-13. 2 plates. 1 map. 1932 . . .... 60: -
S e de r hol m, J . J. über die Bodenkonfiguration des Päijänne-Sees. 
S. 1-23. 3 Fig. 1 Karte. 1932 ..... . . ... . . ...... ... ... .. ....... . 200:-
Suomen Geologisen Seuran julkaisuja - Meddelanden fran Geologiska 
Sällskapet i Finland - Comptes Rendus de la Societe g6010gique de 
.r'inlande, VI. P. 1- 118. 17 fig. 5 planches. 1933 .................. 200 : -
IV e g man n, S. E., Kr a n C k, E. H. et S e der hol m, S. J. Compte 
rendu de la Reunion internationale pour l'etude du Precambrien et des 
vieilles chaines de montagncs. P. 1-46. 1933 ............... . .... .. 120:-
Suomen Geologisen Seuran julkaisuja - Meddelanden fran Geologiska 
Säll skapet i Finland - Comptes Rendus de la Societe g6010giquc de 
Finlande, VII. P. 1-48. 2 fig. 1933 ........... _ . . ................ 100:-
Suomen Geologisen Seuran julkaisuja - Meddelanden fran Geologiska 
Sällskapet i iFnland - Comptes Rendus de la Societe geologipue de 
F inlande, VIII. P. 1-156. 33 fig. 7 planches. 1934 ..... . ... . .... . . 220 : -
L ok k a, Lau r i. Neuere chemische Analysen von finnischen Ge-
steinf'n. S. 1-64. 1934 ..... .. . ..... .. .. . .. . ... ....... . .......... ] 20:-
Ha c k man, Vi c tor. Das Rapakiwirandgebiet der Gegend von 
Lappcenranta (Willmanstrand) . S. 1-82. 15 Fig. 2 Taf. 1 Analysen-
tab. 1 Karte. 1934 ... ... . ... ............ . ... ..... ... ... ..... . ... 140:-
S e der hol m, J. J . t On l\Iigmatites and Associated Pre-Cambrian 
Hocks of Soutl""estern Finland. Part 1II. The Aland Islands. P. 1-68 . 
.. 3 fig. 2 maps. 1934 .. ...... . .......... ... ............ . . ........ 160:-
Lai t a kar i, Aar n e. Geologische Bibliographie Finnlands 1555-
1933. S. 1-22 ... 1934 ... . ............................... ..... .. .. 200 : -
V ä Y r Y n e n, H ei k k i . über die Mineralparagenesis der Kieserze 
in den Gebieten von Outokumpu und Polvijärvi. S. 1-24. 7 Fig. 1 
Karte. 1935 ... . ........ ... . . . .. ....... .. .. .. ... ... ....... .. ... . . 80 : -
S a k se i a, M art t i. ther den geologischen Bau Süd-Ostbothniens. S. 
1-35. 11 Fig. 1 Titelbild. 1 Taf. 1 Karte. 1935 ........ ... ..... .... 100: -
Lok k a, Lau r i. über den Chemismus der Minerale (Orthit, Biotit 
u. a .) eines Feldspatbruches in Kangasala, SW-Finnland. S. 1-39. 
2 Abbild. 1 Taf. 1935 ............................................ 100:-
11 a c km a n, Vi c tor. J. J. Sederholm. Biographic Notes and Biblio-
graph)'. P. 1-29. With a vignette. 1935 .. . ............ . .......... 80 : -
S a 11 a m a (S a hIs t ein) , '1' h. G. Die Regelung von Quarz und 
Glimmer in den Gesteinen der finnisch-lappländischen Granulit-
formation. S. 1-110. 5 Fig. 80 Diagr. 3 'raf. 1936 ..... . ......... . 160:-
11 a a p a 1 a, Pa a v ·o. On Serpentine Rocks in Northern Karelia. 
P. 1-83. 21 fig. 2 maps. 1936 .. .... .. . . .......................... 120:-
Suomen Geologisen Seuran julkaisuja - :'.Ieddelandell fran Gcologiska 
SälI kapet ti Finland - Comptes Rendus de la Soci6t6 g6010gique de 
.r'inlande, IX. P. 1- 505. 83 fig. 20 planches. 1936 .................. ..00:-
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Karte. 1938 ............. . ....................................... 200:-
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36 Abbild. 3 Bei!. HJ37 .. . . __ ... _ ..... _ ............... _ . . . . .. __ .. 200:-
H ra nd e r, Gun n a r. Ein Tn(<'l'glazialfund bei Rouhiala in Südo (
finnJand. S. 1- 76. 7 Fig. im Texte u . 7 F ig_ auf 2 Taf. 1937 .. _ . . ... 160:
i-luorncn Geologiscn Scuran julkaisuja - Meddclanden fran Geologiska 
i-)üllskappt i Finland - Comptes Hendus de la ~o('iete gcologique dc 
J;'inlandp, X. P. 1-170. 30 iig-. 4 planches. 1937 ........... . ........ 200:-
11~' Y P P ä, Es a. Post-Glacial Changes of Shorp-Line in South Fin-
land. P. 1-225. 57 fig. 21 tab. 2 append . 19:17 . ................... 200:-
~llOll1Cn GcologisC'1l S('lnan jlllkai~uja - Mcddclandcn fran Geologiska 
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l<'inlan(1<', XI. P. ]-] 66. 47 .Eig-. 8 tab. 2 cartes. 1938 .. .. .......... 200:-
Hip t an c n, An n a. On t he Pdrology of Filmish QuartzitC's. P. 1-
118. 20 fig. 8 plates. 3 maps. 1938 . .. . .. .. . ... . ... . .. . ............ 200:-
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