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PREFACE

The purpose of this publication, which consists mostly of papers presented at the sym-
posium arranged by the Finnish National Working Group of IGCP Project 160 "Precam-
brian Exogenic Processes" and the Department of Geology at the University of Oulu, on
January 2l and22,1986 is to give an overview of the Project-related research carried out
in Finland since the establishment of the Working Group in 1981.

Finland officially joined IGCP Project 160 on November 21, 1981, when the National
Working Group was established at Oulu. The Group was led by Professor Kauko Laajoki
of the Department of Geology, University of Oulu, with Dr. Juhani Paakkola and Mr.
Seppo Gehör, both of the same department, as secretary. Besides the staff members and
students of the Department of Geology of the University of Oulu, the rnembers of the work-
ing group were from the Geological Survey of Finland, the geology departments of the
universities of Helsinki and Turku and Abo Akademi, and mining companies.

Precambrian exogenic processes had rarely been studied in Finland before the Work-
ing Group started its activities. The main reason for this shortcoming was probably the
widely held concept that the Finnish bedrock was too highly metamorphosed to allow detailed
observations of primary sedimentary structures (although back in 1897 J. J. Sederholm
had described many excellent primary features from the conglomerates and schists of the
Tampere Schist Belt in his classic monograph "Über eine archäische Sedimentformation
in Südwestlichen Finnland und ihre Bedeutung für die Erklärung der Entstehungsweise des

Grundgebirges", Bull. Comm. 96ol. Finlande 6). However, the detailed field work carried
out by the students of the University of Oulu in Kainuu and by other Working Group
members elsewhere in Finland soon proved that, despite metamorphism up to upper
amphibolite facies and intensive polyphase deformation, the early Proterozoic quartzites,
conglomerates, mica schists and so on are often sufficiently well preserved to allow the
application of facies analysis and the other techniques used for studying unmetamorphosed
sedimentary rocks. Attention was focused on the early Proterozoic Karelian formations
of eastern and northern Finland, which are the best suited to detailed palaeosedimentological
work.

In 1983 the Working Group arranged an international symposium on "Precambrian
Exogenic Processes and Related Metallogeny" at the University of Oulu. The proceedings
were reported in 1985 as Bulletin 331 of the Geological Survey of Finland "Proterozoic
Exogenic Processes and Related Metallogeny" edited by K. Laajoki and J. Paakkola. The
symposium was followed by a field excursion to eastern and southern Finland and the guide
book - "Exogenic Processes and Related Metallogeny in the Svecokarelian Geosynclinal
Complex" edited by K. Laajoki and J. Paakkola - appeared as No. I I of the Guide series

of the Geological Survey of Finland. A general background to the field trip was given by
K. Laajoki in the review article "Outlines of the Precambrian Exogenic Geology of Fin-
land" (Res Terrae, Ser. C, No. 3).

At the business meeting of IGCP Project 160 held in association with the Oulu Sym-
posium K. Laajoki was elected the international leader of the Project. He then led the Pro-
ject until it closed at the end of 1986.

As the closing event, the Finnish Working Group arranged a national symposium on
"Sedimentology of the Finnish Bedrock" at the University of Oulu, on January 2L and
22, 1986. The symposium was attended by 140 participants. The translated titles of the
20 papers delivered at the symposium are:
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North Karelia.

Papers 3, 5,9 and l0 have been or will be published elsewhere; the majority of the
others form the backbone of this publication. In addition, this publication includes papers
by Aulis Kärki and K. Laajoki which were not presented to the Oulu symposium, but which
treat the stratigraphy and palaeosedimentology of the Kainuu Schist Belt, the major target
of the Finnish IGCP 160 Working Group.

The editors are very grateful that so many authors were willing to publish their results
and are pleased that, as this publication shows, the understanding and the level of research
into the Precambrian exogenic processes that generated our Precambrian supracrustal rocks
have increased so enormously since the Finnish IGCP 160 Working Group was set up.

We should like to thank all the authors and the referees for their kind co-operation
in producing this issue of the Special Paper Series of the Geological Survey of Finland and
we also thank the members of the Finnish Working Group and all other persons who helped
the Working Group to achieve its goal. We also thank Professor Kalevi Kauranne, the
Director of the Geological Survey of Finland, for accepting these proceedings for publica-
tion in this series. Finally, we gratefully acknowledge the financial support allocated by
the National IGCP Committee of Finland to IGCP 160-related research projects and activities
and to the printing costs of this volume.

The responsibility of the editors of this publication is restricted to the editorial work
only; the authors bear full responsibility for their scientific results, ideas and presentations,
copyrights and permissions to publish included.

Oulu, June 8, 1987

K. Laojoki J. Paokkola

Geological Survey of Finland, Special Paper 5 

1. S. Gehör & M. Havola: The Tuomivaara iron-formation and its palaeoenvironment. 
2. R. Hugg & V-Mo Puumalainen: The metaturbidites of the Otanmäki schist area. 
3. H. Huhma: Sm-Nd isotope studies and the provenance of sediments. 
4. R. Kangas & K. Laajoki: The palaeosedimentology of the western part of the East 

Puolanka Group. 
5. A. Kontinen: The stratigraphy and sedimentology of the Karelian metasediments in 

Hyrynsalmi and Ristijärvi . 
6. E. Korkiakoski: The palaeosedimentology of the Salahmi Schist Belt. 
7. V. Kortelainen: The sedimentology of the clastic rocks of Levitunturi, Kittilä, North 

Finland. 
8. Y. Kähkönen: The conglomerates of Ahvenlammi, Kangasala. 
9. K. Laajoki: The history of research into the sedimentology of the Finnish Bedrock. 

10. K. Laajoki: The palaeosedimentology of the Central Puolanka Group. 
11. J. Lehtovaara: The sedimentology of the Finnish Caledonides. 
12. J. Marmo, J. Kohonen, O. Sarapää & O. Äikäs: The sedimentology of the Karelia 

Supergroup in the Koli-Kaltimo area. 
13. M. Mäkelä & J. Räsänen: The palaeosedimentology of the pyhätunturi quartzites. 
14. R. Nikula: The palaeosedimentary environments of the metasediments at Virttiövaa

ra and Värttiövaara, Sodankylä. 
15. J. Paakkola & S. Gehör: The sedimentary structures and lithofacies types of the Algoma 

type iron-formations of the Early Proterozoic Kittilä Greenstone Belt. 
16. P. Peltonen, P. Pihlaja & T. Manninen: A volcanic conglomerate at Peurasuvanto, 

Central Lapland. 
17. J. Räsänen: The palaeosedimentology of the metasediments in the Vuojärvi area. 
18. M. Saverikko: The Oraniemi sequence - an example of the fill of a sinking aulacogen 

and rift. 
19. K. Strand: The lithostratigraphy, palaeosedimentology and structure of the Lower 

Proterozoic Kurkikylä Group and the overlying Karelian formations. 
20. P . Ward: Kalevian lithofacies and relationships in the Hammaslahti-Rääkkylä district, 

North Karelia. 

Papers 3, 5, 9 and 10have been or will be published elsewhere; the majority of the 
others form the backbone of this publication. In addition, this publication includes papers 
by Aulis Kärki and K. Laajoki which were not presented to the Oulu symposium, but which 
treat the stratigraphy and palaeosedimentology of the Kainuu Schist Belt, the major target 
of the Finnish IGCP 160 Working Group. 

The editors are very grateful that so many authors were willing to publish their results 
and are pleased that, as this publication shows, the understanding and the level of research 
into the Precambrian exogenic processes that generated our Precambrian supracrustal rocks 
have increased so enormously since the Finnish IGCP 160 Working Group was set up. 

We should like to thank all the authors and the referees for their kind co-operation 
in producing this issue of the Special Paper Series of the Geological Survey of Finland and 
we also thank the members of the Finnish Working Group and all other persons who helped 
the Working Group to achieve its goal. We also thank Professor Kalevi Kauranne, the 
Director of the Geological Survey of Finland, for accepting these proceedings for publica
tion in this series. Finally, we gratefully acknowledge the financial support allocated by 
the National IGCP Committee of Finland to IGCP 160-related research projects and activities 
and to the printing costs of this volume. 

The responsibility of the editors of this publication is restricted to the editorial work 
only; the authors bear full responsibility for their scientific results, ideas and presentations, 
copyrights and permissions to publish included. 

Oulu, June 8, 1987 

K. Laajoki J. Paakkola 

5 





Sedimentology of the Precambrian formations in eastern and northern Finland.
Edited by Kauko Laajoki and Juhani Paakkola
Geological Survey of Finland, Special Paper 5: 7-10, 1988

SEDIMENTOI./OGY OF THE PRECAMBRIAN FORMATIONS IN
EASTERN AND NORTHERN FINLAND: INTRODUCTION

by
K. Laajoki

1986

This proceedings of the symposium "Sediment-
ology of the Finnish Bedrock" held in Oulu on
January 2l and22,1986 includes fourteen papers
organized in both regional and stratigraphical
order, starting from North Karelia (papers I and
2) and continuing via North Savo (paper 3) and
Kainuu (papers 4-8) to Lapland (papers 9-13)
and to the Caledonides (paper l4). The localities
of the study areas are shown on the simplified
geological map of Finland in Fig. l.

Excluding the last one, all the papers deal with
the stratigraphy and palaeosedimentology of the
Precambrian supracrustal rocks of eastern and
northern Finland. Unfortunately, the stratigraphic
nomenclature of the Precambrian rocks of Finland
is still a subject of some debate (see Laajoki
1986a). Hence there is a certain lack of uniformity
in the usage of the various authors. The main dis-
agreement concerns the stratigraphic classification
of what is known in the older literature as "Kare-
lian formations" (e.g. Väyrynen 1933, Simonen
1955), which include all the early Proterozoic
supracrustal rocks deposited on the late Archaean
basement and stabilized by the Svecokarelidic
orogeny about 1900 Ma ago. It may help the
foreign reader to know that the authors from the
Geological Survey of Finland apply Silvennoinen's
(1985) classification to Lapland whereas those
from the University of Oulu have established a new
stratigraphic nomenclature. The following is a

brief review of the most important features and
new findings discussed in the papers.

In the first paper, J. Marmo, J. Kohonen, 0.
Sarapää and 0. AitAs describe the lowermost Ka-
relian formations of the Koli-Kaltimo area which
is part of the North Karelia Schist Belt - the belt
from which the Jatulian formations were first
described. The rocks studied are divided into the
Sariola Group of the basal units of fluvial sands
and gravels and the glaciogenic upper units over-

lain by kaolinitic weathered palaeosol. The Jatuli
sediments are sands and gravels deposited in three
stages, of which the first two are fluvial and the
last one nearshore marine. The results are con-
sistent with those of studies in Kainuu, where the
Karelian formations overlying the Sariola-type
rocks have also been divided into three cycles.

P. Ward has studied the metapelites west of the
Karelian quartzite rim in North Karelia. His most
important finding is that these rocks, previously
loosely classified as the Kaleva, form two distinct
lithological provinces separated by a thrust zone.
The sediments of the Höytiäinen province, which
is closer to the quartzite rim, were deposited into
a narrow intracratonic rift or graben within the
Archaean basement. The depositional environment
of the younger Savo province is problematic owing
to the allochthonous nature of the strata. This pro-
vince includes the much studied ophiolitic Outo-
kumpu assemblage with its Cu ores. P. Ward
seems to favour a marginal sea setting for this pro-
vince rather than a back arc model (cf. e.g. Park
et al. 1984\. As to the stratigraphic nomenclature,
this paper shows clearly that the lithologies that
have loosely been included in the Kaleva Super-
group do, in fact form a diachronous sequence laid
down in separate depositories and, consequently,
should be considered as lithostratigraphic units of
their own.

E. Korkiakoski and K. Laajoki also treat the
metasediments included in the traditional Kaleva.
The rocks of the Salahmi Belt are, however,
separated from the surrounding Karelian forma-
tions by tectonic contacts and hence it is not yet
possible to make a correlation between them. The
belt starts with a palaeosol on the Archaean base-
ment overlain by a thin formation of fluvial sands

and gravels. The bulk of the belt consists of tur-
biditic sands and silts with channel gravels. The
latter are characterized by abundant quartzite phe-
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geological map of Finland in Fig. 1. 

Excluding the last one, all the papers deal with 
the stratigraphy and palaeosedimentology of the 
Precambrian supracrustal rocks of eastern and 
northern Finland. Unfortunately, the stratigraphie 
nomenclature of the Precambrian rocks of Finland 
is still a subject of some debate (see Laajoki 
1986a). Hence there is a certain lack of uniformity 
in the usage of the various authors. The main dis
agreement concerns the stratigraphie classifieation 
of what is known in the older literature as ' 'Kare
lian formations" (e.g. Väyrynen 1933, Simonen 
1955), whieh include all the early Proterozoie 
supracrustal rocks deposited on the late Archaean 
basement and stabilized by the Svecokarelidic 
orogeny about 1900 Ma ago. It may help the 
foreign reader to know that the authors from the 
Geologieal Survey of Finland apply Silvennoinen's 
(1985) classification to Lapland whereas those 
from the University of Oulu have established a new 
stratigraphie nomenclature. The following is a 
brief review of the most important features and 
new findings discussed in the papers. 

In the first paper, J . Marmo, J. Kohonen, O. 
Sarapää and O. Äikäs describe the lowermost Ka
relian formations of the Koli-Kaltimo area whieh 
is part of the North Karelia Schist Belt - the belt 
from which the Jatulian formations were first 
described. The rocks studied are divided into the 
Sariola Group of the basal units of fluvial sands 
and gravels and the glaciogenie upper units over-

lain by kaolinitic weathered palaeosol. The J atuli 
sediments are sands and gravels deposited in three 
stages, of which the first two are fluvial and the 
last one nearshore marine . The results are con
sistent with those of studies in Kainuu, where the 
Karelian formations overlying the Sariola-type 
rocks have also been divided into three cycles. 

P. Ward has studied the metapelites west of the 
Karelian quartzite rim in North Karelia. His most 
important finding is that these rocks, previously 
loosely classified as the Kaleva, form two distinct 
lithological provinces separated by a thrust zone. 
The sediments of the Höytiäinen province, whieh 
is closer to the quartzite rim, were deposited into 
a narrow intracratonie rift or graben within the 
Archaean basement. The depositional environment 
of the younger Savo province is problematic owing 
to the allochthonous nature of the strata. This pro
vince includes the much studied ophiolitic Outo
kumpu assemblage with its Cu ores. P. Ward 
seems to favour a marginal sea setting for this pro
vince rather than a back are model (cf. e.g. Park 
et al. 1984). As to the stratigraphie nomenclature, 
this paper shows clearly that the lithologies that 
have loosely been included in the Kaleva Super
group do, in fact form a diachronous sequence laid 
down in separate depositories and, consequently, 
should be considered as lithostratigraphie units of 
their own. 

E. Korkiakoski and K. Laajoki also treat the 
metasediments included in the traditional Kaleva . 
The rocks of the Salahmi Belt are, however, 
separated from the surrounding Karelian forma
tions by tectonie contacts and hence it is not yet 
possible to make a correlation between them. The 
belt starts with a palaeosol on the Archaean base
ment overlain by a thin formation of fluvial sands 
and gravels. The bulk of the belt consists of tur
biditie sands and silts with channel gravels. The 
latter are characterized by abundant quartzite phe-
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l. Sedimentology and stratigraphy of the lower Proterozoic Sa-

riola and Jatuli Groups in the Koli-Kaltimo area, eastern Fin-
land, Jukka Marmo, Jarmo Kohonen, Olli Sarapää & Olli Ai-
käs, pp. I l-28.

2. Early Proterozoic Kalevian lithofacies and their interpretation
in the Hammaslahti-Rääkkylä area, eastern Finland, Peter
Ward, pp. 29-48.

J.

5.

The palaeosedimentology of the early Proterozoic Salahmi Schist
Belt, central Finland, E. A. Korkiakoski & K. Laajoki, pp.
49-73.
Alluvial sedimentation and tectonic setting of the early Prote-
rozoic Kurkikylä and Kainuu Groups in northern Finland, Kari
Strand, pp.75-90.
Nenäkangas{ype conglomerates - evidence of a major break
in the sedimentation of the early Proterozoic (Karelia) quartzi-
tes in Kainuu, northern Finland, K. Laajoki, pp. 9l-107.
The depositional environment of the early Proterozoic Tuomi-
vaara iron-formation and associated metasediments. eastern Fin-
land, Seppo Gehör & Matti Havola, pp. 109-133.
The Pyssykulju Formation - alate Kalevian (early Proterozoic)

orthoquartzite phase in Kainuu, northern Finland, K. t.aajo-
ki, pp. 135-147.
Stratigraphy of the Kainuu Schist Belt and paleosedimentology
of its Kalevian metasediments at Melalahti, northern Finland,
Aulis Kärki, pp. 149-164.
The late Archaean volcaniclastic Rookkiaapa Formation in Peu-
rasuvanto, northern Finland, Petri T. Peltonen, Tuomo Man-
ninen & Pekka Pihlaja, pp. 165-176.
Palaeosedimentology of Precambrian tidal Virttiövaara and
fluvial Värttiövaara quartzite formations in Sodankylä, north-
ern Finland, Risto Nikula, pp. 177-188.
The Oraniemi arkose-slate-quartzite association: an Archaean
aulocogen fill in northern Finland, Matti Saverikko, pp. 189-
212.

The lithofacies associations and sedimentary structures of the
iron-formations in the early Proterozoic Kittilä greenstone belt,
northern Finland, J. Paakkola & S. Gehör, pp.213-238.
Early Proterozoic fluvial deposits in the Pyhatunturi area, north-
ern Finland, J. Räsänen & M. Mäkela, pp.239-254.
The palaeosedimentology of the autochthon of the Finnish
Caledonides, Jyrki J. Lehtovaara, pp. 255-264.
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noclasts of unknown source. The rocks studied
show primary turbiditic structures that are among
the best preserved in Finland.

K. Strand's paper describes the two lowermost
Karelian groups in the northern part of the Kai-
nuu Schist Belt. The lower Kurkikylä Group
mainly contains alluvial immature gravels, and
sands and subaerial basic lavas of an intracrato-
nic rift system. This stage was followed by a pe-
riod of chemical weathering which produced a
palaeosol obviously correlative with the one that
separates the Sariola and Jatuli groups in the Koli-
Kaltimo area. The overlying Kainuu Group with
its more mature sands is interpreted as a deposit
of a divergent continental margin.

In his first paper K. Laajoki describes the con-
glomerate occurrences that overlie the Kainuu
Group at the northeastern margin of the Kainuu
Schist Belt. The most important message of the
paper is that these gravels mark a major break
between the second and third Karelian cycles in
Kainuu and that this unconformity is obviously
the same as the one that separates Lapponian rocks
from Jatuli-type sequences in Lapland and Mar-
mo and coauthors' first Jatuli stage from the sec-
ond one in North Karelia. To clarify the problem
of Karelian stratigraphy it is proposed that for
countrywide purposes the lower and middle Ka-
relian formations should be classified as three tec-
tofacies: the Sumi-Sariola (rift stage), Kainuu-
Lapponi (narrow sea or inland basin stage) and
Jatuli (open sea stage).

S. Gehör and M. Havola describe the Tuomi-
vaara iron-formation and associated rocks. which
overlie the Jatuli tectofacies at the eastern central
margin of the Kainuu Schist Belt. The paper con-
firms that the iron-formation should be moved
from the Jatuli to the Kaleva tectofacies and that
it is associated with turbiditic sands. This iron-
formation-bearing turbiditic unit is overlain by the
Tuulimäki Formation, which is a molassic quart-
zite unit.

K. Laajoki's second paper defines and descri-
bes (for the first time) the Pyssykulju Formation,
which is a solitary erosional quartzite relict at the
northern end of the Kainuu Schist Belt and which,
like the Tuulimäki Formation, occupies the high-
est stratigraphic position among the Karelian for-
mations in Kainuu. These two formations attract
our attention because the Kaleva-type turbidites
are overlain by fluvial and/or nearshore marine
sands and gravels. Prompted by this finding and
by Ward's two "Kaleva" provinces and the Jor-
mua Ophiolite Complex (Kontinen 1987), the
author proposes that the traditional Kaleva be
divided into three tectofacies, called simply Lower

(ramp), Middle (axial) and Upper (molassic) Ka-
leva, and that the Pyssykulju and Tuulimäki
formations are typical Upper Kaleva representa-
tives.

The last paper dealing with the Kainuu Schist
Belt is by A. Kärki, who takes us to the western
central margin of the belt. The area is highly de-
formed and so its stratigraphy and sedimentology
are not easily established. Nevertheless, the author
has succeeded in demonstrating that the open sea
Jatuli tectofacies is overlain by fan-delta gravels
and sands followed by a submarine fan complex.
In this context it is appropriate to mention the lec-
ture given at the symposium by K. Laajoki on the
subject of the western margin of the Kainuu Schist
Belt, north of Kärki's study area (Laajoki 1986b,
Laajoki and Korkiakoski 1988). These papers, and
the thesis by Kangas (1985) indicate that the
western and eastern margins of the Kainuu Schist
Belt differ considerably both stratigraphically and
palaeosedimentologically, a fact that should be
taken into account in all palaeogeographical re-
constructions of Karelian formations in Finland.

The first paper from Lapland is the study by
P. T. Peltonen, T. Manninen and P. Pihlaja on
the volcanoclastic Rookkiaapa Formation, which
they include in the Late Archaean basement of
their Lapponia Supergroup. These rocks are the
oldest metasediments described in this volume. The
bulk of the epiclastic gravels are interpreted as a
distal volcanoclastic fan with tuff and volcanic
breccia interbeds overlain by tuffaceous sands.
These conglomerates resemble the volcanic gravels
of the Sumi-Sariola tectofacies, and hence it is im-
portant to separate carefully the late Archaean sup-
racrustal rocks from those of the early Protero-
zoic in Lapland.

R. Nikula compares the sedimentation of two
quartzite occurrences of different age in Central
Lapland. The Lapponian Virttiövaara quartzite
shows evidence of a tidal environment, and the
author distinguishes six intertidal facies. The Ja-
tulian Värttiövaara formation consists of fluvial
and alluvial fan gravels, sands and silts.

M. Saverikko describes one of the best preserved
Lapponi sequence from Lapland and interprets it
as the fill of an aulacogen. This interpretation, as

well as Saverikko's correlations, are debated. Be
that as it may, the Oraniemi metasediments con-
stitute a sequence that holds the key to under-
standing the evolution of the Kainuu-Lapponi
tectofacies. They show marked similarities with the
Central Puolanka Group in the western margin of
the Kainuu Schist Belt (Laajoki 1986b).

One of the characteristics of the Lapponi rocks
in Central Lapland is the iron-formations of Kit-
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tilä, which are intimately interbedded with meta-
volcanics. J. Paakkola and S. Gehör give a detailed
description of the primary facies of these only
slightly metamorphosed occurrences. They inter-
pret the rapid facies alternation as a primary fea-
ture caused and controlled by volcanic emanations
into the depositional basin. The sedimentation
basin was an eugeosyncline with intense volcanic
activity and a subsiding basin.

J. Räsänen and M. Mäkelä have studied the well
exposed Pyhätunturi area and describe the alluvial
Isokuru conglomerate that separates the Lapponi
from the Jatuli tectofacies. Pyhätunturi itself con-
sists mainly of Jatuli quartzites interpreted as

fluvial. Palaeocurrent measurements give a uni-
modal transportation direction to NNW. One of
the basic problems in Lapland is whether this
occurrence can be correlated, as it generally is, with
the Värttiövaara and Levitunturi quartzites de-
scribed in Nikula's paper.

In the last paper we move on to late Protero-
zoic - Cambrian rocks. J. Lehtovaara has stu-
died the Finnish part of the Scandinavian Cale-
donides, and his paper describes continental mar-
gin sediments of the Iapetus Ocean as displayed
by the autochthonous Dividal Group and the Jerta
Nappe correlated with it.
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faulting which created marked topographic contrasts and resulted in rapid
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in longitudinal rivers. The third stage produced well-sorted quartz sands
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conditions are suggested,
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has been established within the Fennoscandian Shield, comprised of rocks
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INTRODUCTION

The stratigraphic framework of the early Pro-
terozoic Karelian metasediments in North Kare-
lia of eastern Finland was created in the early years

of this century (Sederholm 1897; Eskola l9l9;
Frosterus & Wilkman 1920;Yäyrynen 1928, 1933).
Detailed works from North Karelia have been pre-
sented by Gaäl (1964), Piirainen (1968), Nykänen
(1968, 197 l). However, sedimentological studies
have been sparse until recent years (Mikkola 1955;
Ojakangas 1965; Pekkarinen 1979; Marmo and
Ojakangas 1984; Marmo 1986; Kohonen 1987; Ai-
käs and Sarikkola, 1987; Marmo, in press).

In eastern Finland, Archaean orthogneisses,
paragneisses, and also remnants of greenschist
belts form the basement upon which the Karelian
sediments deposited. U-Pb ages for the basement
rocks plot between 3 000 and 2 500 Ma (Simonen
1980). These sediments belong to the Karelia
Supergroup which is divided into three groups
(Meriläinen 1980, Luukkonen & Lukkarinen
1986): Sariola, Jatuli, and Kaleva. A complete
sequence of the Sariola Group consists of textu-
rally and mineralogically immature or moderately
mature arkoses and conglomerates, with an inter-
mediate unit of mafic volcanics. The group is un-
conformably overlain by more mature quartzites
and conglomerates of the Jatuli Group, which has
minor dolomites, pelites and black schists in its
upper parts. The Jatuli sediments were intruded
and extruded by mafic dikes and volcanics 2 200
to 2 100 Ma ago (Huhma 1986). At the top of the
Karelian record, the Kaleva Group is a sequence
of originally marine mudstones and greywackes,
several thousand metres thick.

The Koli-Kaltimo Area is located in the north-
eastern part of what is traditionally called the schist
belt of North Karelia. All groups of the Karelia
Supergroup are present in this region (Fig. l). Al-
though the rocks were subjected to deformation
and metamorphism during the Svecokarelidic
orogeny, the stratigraphic relations and primary
structures of the sedimentary units have been well
preserved.

The field work for this study was mainly done
as detailed mapping along profiles across the Sa-
riola and Jatuli sequences; the profiles were select-
ed in type localities to represent these sequences
as completely as possible in the study area (Fig.
l). For the sake of clarity, the mafic dikes have
been omitted from all the columns depicted in this
paper. Similarly, as the present study deals with
the depositional history of the Sariola and Jatuli
Groups, we have used the original sedimentary
rock names for the present metamorphic deriva-
tives.

The environmental interpretations are based on
determinations of lithofacies associations. modi-
fied from Miall (1977, 1978), Miall and Gibling
(1978), and Powell (1984).

The purpose of this paper is to describe and dis-
cuss the sedimentological and stratigraphic out-
lines developed in our studies on the Sariola and
Jatuli metasediments in the Koli-Kaltimo Area.
Detailed and more complete works will be found
in Marmo (in prep.) and Marmo and Kohonen (in
prep.).

ROCK DESCRIPTIONS

The Sariola Group

Field relations show that the Sariola Group was
deposited directly on the Archaean gneisses. The
group has a total thickness of almost 500 m, and
it is unconformably overlain by quartz-pebble
conglomerates and quartzites of the Jatuli Group.
In the southern part of the study area (Fig. l), three
formations have been distinguished in the Sariola
Group. From the bottom to the top these are: the
Ilvesvaara Formation. the Urkkavaara Formation.
and the Hokkalampi Formation (Figs. 2 and 3).
In the north the group is 150 m in thickness and

t2

is comprised of only two formations: the Hattu-
saari Formation and the Hokkalampi Formation.

Ilvesvaara Formation

The Ilvesvaara Formation consists of immature
and massive conglomerates and arkoses (Fig. 3).
They have about the same composition as the
underlying generally granodioritic basement rocks.
Conglomerates clearly dominate over arkoses. The
conglomerates often resemble mechanically disin-
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tegrated basement rocks, with arkosic sand and
silt filling the cavities between the big, angular
basement fragments. In the upper part of the for-
mation, the conglomerates become moderately
sorted, their clasts turn generally rounded, and the
arkoses appear as thin lenticular bodies in the
conglomerates.

Urkkavaara Formation

Within the Urkkavaara Formation, seven mem-
bers have been established, with the cross-bedded
conglomerate member at the top (Fig. 3):

erosion and depositional onlap within these three
members of the Urkkavaara Formation.

The upper graded sandstone member is com-
posed of beds of very coarse-grained arkosic sand-
stones. The beds measure l0-100 cm in thickness
and usually display a good grading. The lower half
of the member exhibits silty laminae, often con-
taining lonestones. The lower contact of the mem-
ber against the upper siltstone-argillite member was
found to be gradational over a few metres. In the
upper half of the member, conglomeratic beds ap-
pear, becoming thicker and more frequent up-
wards. Finally, the upper graded sandstone mem-
ber passes gradually into the parallel-bedded con-
glomerate member.

The parallel-bedded conglomerate member is
composed of thick to very thick beds (classifica-
tion of McKee & Weir, 1953) of conglomerate and
pebbly sandstone that, in the lower part of the
member, contain arkosic interbeds. Interbeds and
lenses of diamictite are also present. Upwards, the
conglomerates show gradual increase both in the
thickness of the beds and in the size of the clasts;
at the same time the amount of matrix decreases,
occasionally resulting in a clast-supported frame-
work. The clasts are usually well rounded and con-
sist of felsic plutonic rocks; however, elongated
pebbles of siltstone-argillite may constitute as
much as one third of the clasts. Grading, often
of inverse or inverse-normal type, is the most
striking primary structure observed in this mem-
ber. Within the few topmost metres the member
shows gradation into the overlying cross-bedded
conglomerate member, with erosional structures
common at the contact.

The cross-bedded conglomerate member consists
of a lower cobble to boulder-dominated unit,
10-30 m thick, and of an upper cross-bedded unit
with a minimum thickness of several tens of metres
(Fig. 3). Also present are lenses and interbeds of
diamictite. The conglomerates of the lower unit
are massive, showing a well-developed clast-
supported framework. The lithic fragments are
exclusively felsic plutonic rocks. In the upper unit,
siltstone clasts appear, sometimes accounting for
a considerable proportion of the clasts. The up-
per unit begins with small-pebble conglomerates
and pebbly arkoses characterized by horizontal
bedding, low-angle cross-bedding and trough
cross-bedding. The troughs are wide and open, and
they appear separately or form cosets. Winnowed
surfaces are common. The member is terminated
by trough cross-bedded arkose, in which the
troughs are usually arranged into cosets. After
deposition, the member was subjected to an in-
tensive chemical alteration that completely
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The two siltstone-argillite members are similar;
both are now mica schists but display some of their
original clastic textures. The members consist of
straight laminations of grey siltstone and darker
grey argillite. Many of the siltstone laminae exhibit
graded bedding. Oversized clasts are common but
scattered. Coarse sand-sized grains and pebbles
and cobbles (grain size classification of Wentworth
1933) of felsic plutonic rocks are most abundant
among the clasts. Also present are argillite and
greywacke clasts.

The lower graded sandstone member consists of
intercalated beds of sandstones and siltstones.
Oversized clasts have been found, their presence
being restricted almost exclusively to the finer-
grained siltstone intercalations. Both the bottom
and the top of this member are gradational over
a few metres.

The diamictite member is characterized by a
poor sorting, with the grains ranging in size from
boulders down to clay-sized particles. Being a
greywacke in texture, the matrix amounts to more
than 50 9o of the diamictite, resulting in a matrix-
supported framework. The lithic fragments are
various plutonic rocks, but intraformational clasts
are also present. The diamictite lacks primary in-
ternal structures but may locally contain lenses of
sandstone. Over almost one metre at the base, the
diamictite member shows a gradational contact
against the upper siltstone-argillite member. With
an erosional contact against the upper graded
sandstone member, the diamictite member has also
been observed to pass laterally into the upper
siltstone-argillite member (Fig. 3X this indicates
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destroyed the primary structures of the rocks.
Thus, the original thickness of the member is un-
known.

Hattusaari Formation

The Hattusaari Formation represents the basal
sediments of the Sariola Group in the northern
part of the study area (Fig. l), forming a nearly
100 m thick unit that envelops the Kolinniemi
Syncline. A well defined nonconformity separates
the formation from the Archaean Basement. How-
ever, the relation of the Hattusaari Formation to
the Ilvesvaara and Urkkavaara Formations in the
south is unresolved (Figs. 2 and 3).

The lower part of the formation consists of
thickly to very thickly bedded polymictic conglom-
erate. The clastic debris in the conglomerate is
composed of volcanic rocks, with a minor amount
of felsic plutonic rocks. Poor sorting and crudely
developed bedding are typical, often resulting in
a matrix-supported character.
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The upper part of the Hattusaari Formation is
composed of moderately sorted, thickly bedded
arkose and pebbly sandstone. The arkose show
horizontal bedding and large scale through cross-
beds that typically appear as cosets.

Hokkalampi Formation

The Hokkalampi Formation overlies the Urk-
kavaara Formation in the south and the Hattu-
saari Formation in the north, and rests directly
upon the Archaean Basement in the middle part
of the study area (Fig. 2). The rocks of this for-
mation are mainly sericite-quartz schists, with ap-
preciable quantities of aluminium silicates in the
upper part of the formation.

Chemical and mineralogical data on the Hok-
kalampi Formation (Marmo 1986) indicate a ver-
tical zoning within the formation as well as a
gradual contact with the underlying rocks. Four
mutually gradational zones have been established:
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zone max. thickness (m)

(top)
(4) kyanite-andalusite-quartz schist 20
(3) chloritoid-bearing sericite-quartz

schist 20
(2) sericite-quartz schist 20
(l) carbonate-bearing

quartz-sericite-feldspar rock 15
(bottom)

At the bottom of the formation (zone l), ghost-
like primary structures of the underlying rocks,
whether Archaean gneisses or Sariolian conglom-
erates, indicate a gradual upward change of the

basement rocks into a saprolitic rock. The sapro-
lite, again, gradually passes upwards into a mas-
sive sericite-quartz schist of zone2. When passing
into the two upper zones, sericite is gradually re-
placed by chloritoid and aluminium silicates, and
the rocks turn into chloritoid-bearing sericite-
qvaftz schists and kyanite-andalusite- quartz schists
of the zones 3 and zone 4. Diagnostic of the three
topmost zones are scattered quartz fragments of
variable size and form, embedded in a coarse-
grained matrix of sericite and quartz. Elongated
sericitic and aluminous lenses are present, as well
as black tourmaline-qvartz clasts, also of variable
size and form.
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CHTD - chloritoid, Q - quartz, SER - sericite.
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Within the Hokkalampi Formation, the contents
of silica, alumina and titania tend to increase
towards the upper zones. The alkalis, lime, mag-
nesia, and iron oxides show an opposite trend,
their contents in zone 4 being only fractions of
those in the lower zones or in the underlying rocks.
Changes in the iron content can characteristically
be attributed to changes in the content of ferrous
iron. The changes in the chemical composition of
these rocks can be well expressed in terms of the
chemical index of alteration (CIA) proposed by
Nesbitt and Young (1982). In the lower part of the
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formation the values for the index are between 60
and 75, whereas at the top of the formation they
may exceed 96.

Throughout the study area, the formation varies
considerably in thickness. [n the south all four
zones are present, totalling more than 75 m. In
the middle and northern parts of the area, the
thickness of the Hokkalampi Formation does not
exceed 20-30 m, only the two lowermost zones
being usually present, and the formation shows an
erosional top being overlain by conglomerates and
quartzites of the Jatuli Group.

The Jatuli Group

From bottom to top, four formations have been
established within the Jatuli Group (Figs. 2 and
4): the Vesivaara Formation, the Koli Formation,
the Jero Formation. and the Puso Formation. The
total thickness of this sequence has been estimated
to exceed 2,500 m. However, the tectonic imbrica-
tion of the individual formations in the area in-
dicates that the Jatuli Group could have been much
thinner originally. Field relations show that the Ja-
tuli Group was deposited on the sericite-quartz
schists of the upper Sariolian Hokkalampi Forma-
tion. The base is generally erosional. Subvertical
faults generally separate the overlying Kaleva
Group from the Jatuli Group and, in the south,
from the Sariola Group. However, some field ob-
servations of erosional features indicate a signifi-
cant unconformity between the Kaleva and Jatuli
Groups.

Vesivaara Formation

The Vesivaara Formation has an erosional base
and a gradational top (Fig. 4) and it wedges out
towards the south. The lower part of the forma-
tion consists of matrix-supported pebble-domi-
nated conglomerate, whereas clast-supported con-
glomerate and coarse-grained massive sandstone
characterize the upper part. The quartzites and
conglomerates are rich in aluminium silicates and
sericite. The sediments often bear hematite (up to
20 Vo), which imparts a red colour to the rocks.
The clasts are of quartz, but clasts of black
tourmaline-q\artz rock and rarely, those now con-
sisting of aluminium silicates are also present. The
matrix is composed of sericite, fine-grained qvartz,
iron oxides, and of often kaolinized kyanite and
andalusite. The sedin:ents are generally poorly
sorted, but a gradual upward increase in sorting
and roundness ofthe clasts has been observed. The

simple mineralogy and the absence of feldspars in-
dicate a high compositional maturity. As cal-
culated from the chemical analyses, the rocks show
moderate to high values of the CIA.

Koli Formation

Two members have been established within the
Koli Formation: a lower conglomerate member
and an upper quartzite member (Fig.  ). The con-
glomerate member is present only in the middle
part of the study area. In the south, the quartzites
were deposited directly on the upper part of the
Hokkalampi Formation of the Sariola Group; the
contact is abrupt but no erosional structures have
been observed. Where deposited upon the Vesi-
vaara Formation, the Koli Formation shows a gra-
dational boundary.

The conglomerate member consists mainly of
well-sorted quartz conglomerates, the clasts being
well-rounded and dominantly pebbles and cobbles
in size. In addition to quartz, clasts of black
tourmaline-qtartz rock have been found; chert-
like clasts and very rare clasts now consisting of
sericite-quartz schists are also present. The matrix
is composed of fine-grained quartz and sericite.
The beds are usually massive. Locally, however,
trough cross-bedded conglomerates and thin in-
terbeds of coarse-grained sandstone have been ob-
served. Upward-fining cycles are visible on out-
crops. The member grades upward into hori-
zontally bedded quartzites.

The quartzite member is characterized by pale
green, gray, or pink sericite quartzite. In the north,
the quartzites also contain aluminium silicates. The
quartzites are clastic or blastoclastic in texture, and
they are considered to represent original medium-
grained sands. Lateral variation in grain size has
been found, the rocks being more coarse-gruined
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simple mineralogy and the absence of feldspars in
dicate a high compositional maturity. As cal
culated from the chemical analyses, the rocks show 
moderate to high values of the CIA. 

Koli Formation 

Two members have been established within the 
Koli Formation: a lower conglomerate member 
and an upper quartzite member (Fig. 4). The con
glomerate member is present only in the middle 
part of the study area. In the south, the quartzites 
were deposited directly on the upper part of the 
Hokkalampi Formation of the Sariola Group; the 
contact is abrupt but no erosional structures have 
been observed. Where deposited upon the Vesi
vaara Formation, the Koli Formation shows a gra
dational boundary. 

The conglomerate member consists mainly of 
weIl-sorted quartz conglomerates, the elasts being 
weIl-rounded and dominantly pebbles and cobbles 
in size. In addition to quartz, elasts of black 
tourmaline-quartz rock have been found; chert
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in the north. Absence of feldspars and moderate
to high CIA values show the quartzite to be com-
positionally mature. However, a large amount of
mainly sericitic matrix suggests textural immatu-
rity, and, therefore, the Koli quartzites may gener-
ally be classified as quartz arenites that are very
close to being quartz wackes. The most striking
sedimentary structures within the member are hori-
zontal lamination and low-angle cross-bedding in
laminated sandstones. On outcrops, these com-
monly very thick cross-bedded cosets have been
found to extend laterally for tens of metres. Other
primary features include scour and fill structures,
ripple marks, and planar and through cross-
bedding. Rare interbeds of argillite are also pre-
sent, some exhibiting desiccation cracks.
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Jero Formation

Two members have been distinguished in the
Jero Formation: a lower conglomerate member,
often exceeding 100 m in thickness, and an upper,
thick arkosite member (Figs. 2 and 4). The bot-
tom of the formation is usually gradational with
the Koli Quartzite over 5 to 15 metres. The upper
contact with the overlying Puso Formation also
appears to be gradational.

The sedimentation of this formation started with
deposition of argillaceous and silty sands and
quartz-pebble conglomerates rich in clay. In the
conglomerate member, the amount of feldspars
gradually increases upwards so that the upper part
of this member consists mainly of coarse-grained,
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in the north . Absence of feldspars and moderate 
to high CIA values show the quartzite to be com
positionally mature . However, a large amount of 
mainly sericitic matrix suggests textural immatu
rity, and, therefore, the Koli quartzites may gener
ally be classified as quartz arenites that are very 
close to being quartz wackes. The most striking 
sedimentary structures within the member are hori
zontallamination and low-angle cross-bedding in 
laminated sandstones. On outcrops, these com
monly very thick cross-bedded co sets have been 
found to extend laterally for tens of metres. Other 
primary features include scour and fill structures, 
ripple marks, and planar and through cross
bedding. Rare interbeds of argillite are also pre
sent, some exhibiting desiecation cracks. 
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Jero Formation 

Two members have been distinguished in the 
Jero Formation: a lower conglomerate member, 
often exceeding 100 m in thickness, and an upper, 
thick arkosite member (Figs. 2 and 4) . The bot
tom of the formation is usually gradational with 
the Koli Quartzite over 5 to 15 metres. The upper 
contact with the overlying Puso Formation also 
appears to be gradational. 

The sedimentation of this formation started with 
deposition of argillaceous and silty sands and 
quartz-pebble conglomerates rieh in clay. In the 
conglomerate member, the amount of feldspars 
gradually increases upwards so that the upper part 
of this member consists mainly of coarse-grained, 



commonly conglomeratic arkosites that bear clasts
of varying roundness. The clastic feldspar is mainly
microcline, and the minor plagioclase is albitic to
oligoclasic in composition. Both altered and fresh
feldspar grains are present. Lithic fragments, most
commonly intraformational siltstones, are rare.
Among the pebbles, qvartz and microcline are the
most abundant. Sericite and fine-grained q\artz
in variable relative amounts form the matrix.
Based on the mineralogical composition, the sedi-
ments of the lower member can be classified as
quartz wackes in the lower part, and as arkosic
wackes, subarkoses, and arkoses in the upper part.

Gravel lags, trough cross-bedding, and strongly
asymmetric ripples characterize the lower part of
the conglomerate member. The fine-grained inter-
beds show horizontal lamination. Massive gravels
or thickly bedded gravelly sands showing trough
cross-bedding and planar cross-bedding are typi-
cal of the upper part of this member. The sedi-
mentary cycles observed in the lower part tend to
coarsen upwards, whereas upward-fining cycles be-
come dominant in the upper part of the member.
The bottoms of the upward fining sequences are
commonly irregular surfaces of erosion.

The arkosite member of the Jero Formation is
lithologically monotonous. Excluding quartzitic in-
terbeds in the lower part and discontinuous con-
glomeratic units in the upper part, the arkosite
member consists of medium-grained sericitic arko-
site with moderately rounded clasts. The arkosite
member shows a gradational contact with the
underlying conglomerate member. Feldspar clasts
are usually altered, with albitic plagioclase domi-
nating over K-feldspar. Lithic fragments consist
of plagioclase-quartz clasts; rare granitic clasts are
also present. The matrix of sericite, kaolinite and
qtartz is partly secondary and may form up to
20 Vo of the rock.

Geological Survey of Finland, Special Paper 5

Sedimentology and stratigraphy of the lower Proterozoic Sariola and . . .

Horizontal bedding and planar cross-bedding
characterize the lower part of the arkosite mem-
ber. In the upper part, trough cross-bedding of
giant scale is ubiquitous, with individual sets

several metres thick typically forming cosets tens
of metres in thickness.

Puso Formation

Two members have been distinguished within
the Puso Formation: the feldspathic quartzite
member (lower) and the quartzite member (upper)
(Figs. 2 and 4). At the bottom, the underlying
arkosites grade into the Puso quartzites. The upper
contact of the formation is tectonic. The two mem-
bers differ mainly in their mineralogical compo-
sition.

The feldspathic quartzites show better sorting
than the underlying arkosites and grade upwards
into quartzites through a transition zone with
quartzitic interbeds. The quartzite member is com-
posed of clastic to blastoclastic sandstones that are

medium-grained with well-rounded clasts and that
show horizontal bedding or lamination. Clastic K-
feldspar is almost always present in small amounts.
Occasional lithic fragments are exclusively sericite-
phyllite. Sericite, fine-grained q\artz, chlorite, and
biotite form the matrix. the amount of which is
low.

Occasional large scale planar cross-beds occur
within the horizontal beds, with foresets dipping
moderately at the top, and tangentially near the
bottomset beds. The upper part of the Puso Forma-
tion is characterized by cosets of small-scale trough
cross-beds several metres in thickness. Rippled
units and fine-grained sediments are absent or rare
within the formation. Orthoconglomerates have
not been observed, the coarsest sediments being
conglomeratic quartzites.

PALAEOCURRENTS

About 500 measurements of directional sedi-
mentary structures, all corrected for tectonic tilt,
were derived from the field observations to indicate
major palaeocurrent directions within the Sariola
and Jatuli Groups in different parts of the study
area (Figs. 3-5).

The limited number of measurements and the
large variations in the palaeoccurrent directions
prevent reliable evaluation of the data on the Sa-
riola Group (Figs. 3 and 5). Within the Jatuli
Group, the patterns indicate a general westward
transportation of clastic detritus during the deposi-

tion of the Vesivaara and Koli Formations (Figs.
4-5). Pronounced variations, however, occur in
the data on f.he Koli Formation. The conglome-
rate member of the Jero Formation indicates
palaeocurrents generally towards the west or
northwest, although again with a considerable
variation. The transport directions from the
arkosite member plot indisputably to the south.
During the deposition of the thick Puso Forma-
tion, the detritus was clearly carried towards the
northwest.

l9

Geological Survey of Finland , Special Paper 5 
Sedimentology and stratigraphy of the lower Proterozoic Sariola and . . . 

commonly conglomeratic arkosites that bear elasts 
of varying roundness. The elastic feldspar is mainly 
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come dominant in the upper part of the member . 
The bottoms of the upward fining sequences are 
commonly irregular surfaces of erosion. 

The arkosite member of the Jero Formation is 
lithologically monotonous. Exeluding quartzitic in
terbeds in the lower part and discontinuous con
glomeratic units in the upper part, the arkosite 
member consists of medium-grained sericitic arko
site with moderately rounded elasts. The arkosite 
member shows a gradational contact with the 
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of met res in thickness. 

Puso Formation 
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the Puso Formation: the feldspathic quartzite 
member (lower) and the quartzite member (upper) 
(Figs. 2 and 4). At the bottom, the underlying 
arkosites grade into the Puso quartzites. The upper 
contact of the formation is tectonic. The two mem
bers differ mainly in their mineralogical compo
sition. 

The feldspathic quartzites show better sorting 
than the underlying arkosites and grade upwards 
into quartzites through a transition zone with 
quartzitic interbeds. The quartzite member is com
posed of elastic to blastoelastic sandstones that are 
medium-grained with well-rounded elasts and that 
show horizontal bedding or lamination. Clastic K
feldspar is almost always present in small amounts. 
Occasionallithic fragments are exelusively sericite
phyllite. Sericite, fine-grained quartz, chlorite, and 
biotite form the matrix, the amount of which is 
low. 

Occasional large scale planar cross-beds occur 
within the horizontal beds, with foresets dipping 
moderately at the top, and tangentially near the 
bottomset beds. The upper part of the Puso Forma
tion is characterized by cosets of small-scale trough 
cross-beds several metres in thickness. Rippled 
units and fine-grained sediments are absent or rare 
within the formation. Orthoconglomerates have 
not been observed, the coarsest sediments being 
conglomeratic quartzites . 

PALAEOCURRENTS 

About 500 measurements of directional sedi
mentary structures, all corrected for tectonic tilt, 
were derived from the field observations to indicate 
major palaeocurrent directions within the Sariola 
and J atuli Groups in different parts of the study 
area (Figs. 3-5). 

The limited number of measurements and the 
large variations in the palaeoccurrent directions 
prevent reliable evaluation of the data on the Sa
riola Group (Figs. 3 and 5). Within the Jatuli 
Group, the patterns indicate a general westward 
transportation of elastic detritus during the deposi-

tion of the Vesivaara and Koli Formations (Figs. 
4-5). Pronounced variations, however, occur in 
the data on the Koli Formation. The conglome
rate member of the J erD Formation indicates 
palaeocurrents generally towards the west or 
northwest, although again with a considerable 
variation . The transport directions from the 
arkosite member plot indisputably to the south. 
During the deposition of the thick Puso Forma
tion, the detritus was elearly carried towards the 
northwest. 
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Fig. 5. Palaeocurrent directions in the Koli-Kaltimo Area during Sariola and Jatuli times. Localities of observation sites and numbers
of measurements are also given. Explanations: (A) Sariola Group, (B-D) Jatuli Group: (B) Vesivaara and Koli Formations; (C) Jero For-
mation, with the lower member (right) and the upper member (left) depicted separately; (D) Puso Formation.
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Fig. 5. Palaeocurrent directions in the Koli-Kaltimo Area during Sariola and latuli times. Localities of observation sites and numbers 
of measurements are also given. Explanations: (A) Sariola Group, (B-D) latuli Group: (B) Vesivaara and Koli Formations; (C) lero For
mation , with the lower member (right) and the upper member (left) depicted separately; (D) Pu so Formation. 
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ENVIRONMENTS AND MODELS OF DEPOSITION

The Sariola Group

As a group, the Sariolian sediments are hetero-
geneous, reflecting deposition in contrasting and
variable environments and subenvironments. Ex-
cluding the Hokkalampi Formation, the Sariolian
formations do not extend laterally throughout the
study area, having rather been preserved as spo-
radic isolated deposits probably controlled by the
primary topographic relief of Sariolian time. Thus,
a straightforward correlation of the southern
deposits with those in the northern part of the area
may not be possible. Rapid burial and general min-
eralogical immaturity of the sediments indicate a
low degree of chemical weathering in the source
area during Sariolian time. Also typical of the Sa-
riolian sediments is their low to moderate sortins.

Ilvesvaara Formation

The llvesvaara Formation is too sporadically
exposed to allow more than a tentative interpre-
tation. The lower part of the formation is char-
acterized by breccialike conglomerates, attributed
to physical in situ-weathering, or to shattering
under a moving ice cap, or both. The upper part
of the formation is fluvial, and may be interpreted
as a result of proximal braided stream deposition
of either the Trollheim or the Scott type of Miall
(1978). Faults evidently controlled the sedimenta-
tion.

Urkkavaara Formation

The lowermost four members of the Urkkavaara
Formation (Fig. 3) have recently been shown to
be of a glaciogenic origin (Marmo & Ojakangas
1983, 1984). Associated with ice rafting due to ice-
berg activity, these members were deposited under
glaciomarine conditions, with vast amounts of
subaqueous outwash available. Based on models
of Boulton and Deynoux (1981) and Powell (1984),
the diamictites are interpreted as deposits some-
what distal to a glacial terminus, whereas the
dropstone-bearing siltstone argillites and the tur-
biditic graded sandstones originated as proximal
sediments.

The upper graded sandstone member and the
parallel-bedded conglomerate member (Fig. 3)
were deposited by turbidity currents near a glacial
terminus, and as subaqueous outwash in the ice-
proximal zone, probably near the ice-contact
grounding line, respectively (Marmo, 1986), as mo-

delled by Powell (1984) and Rust and Romanelli
(1975). The lower part of the cross-bedded con-
glomerate member displays the characteristics of
both esker (Banerjee and McDonald 1975) and
sandur (Church and Gilbert 1975) deposits. The
upper part of the member is interpreted as
proximal braided stream deposits of the Scott and
Trollheim types, typical of glacial outwash plain
deposition.

The models of deposition for the members of
the Urkkavaara Formation may be expressed as

six individual depositional facies. The first five
facies (Fig. 6a) formed during repeated glacial
advances and retreats, and finally that sixth, the
cross-bedded conglomerate facies originated dur-
ing deglaciation (Fig. 6b).

Hattusaari Formation

The sediments of the Hattusaari Formation are
interpreted to have been deposited in a proximal
braided river or in an alluvial fan. Facies associa-
tions of the Trollheim type (Miall 1978) char-
acterize the lower part of the formation, and those
of the Scott type are typical of the upper part.
Again, the sedimentation was apparently related
to faulting.

Hokkalampi Formation

Aurola (1959) was the first to point out that
kyanite- and andalusite-bearing rocks in North Ka-
relia may represent metamorphosed weathering
mantles or their reworked equivalents. More re-
cent studies (Marmo) show that the Hokkalampi
Formation resulted from intense chemical weather-
ing of the Sariolian sediments in the south and
north, and of the Archaean basement rocks in the
middle part of the study area. The weathering
mantles were kaolinitic in the upper part, and illi-
tic in the lower part; this is in accordance with the
weathering profile models of Storr et al. (1978).
The alteration is proposed to have occurred in
warm and humid climatic conditions, correspond-
ing to those prevailing today at equatorial lati-
tudes. Prolonged tectonic stability during Hokka-
lampi time is suggested. Leaching of ferrous iron
in the profiles indicates reducing conditions for the
weathering.
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deposits with those in the northern part of the area 
may not be possible. Rapid burial and general min
eralogical immaturity of the sediments indicate a 
low degree of chemical weathering in the source 
area during Sariolian time. Also typical of the Sa
riolian sediments is their low to moderate sorting. 

I1vesvaara Formation 

The IIvesvaara Formation is too sporadically 
exposed to allow more than a tentative interpre
tation. The lower part of the formation is char
acterized by breccia-like conglomerates, attributed 
to physical in situ-weathering, or to shattering 
under a moving ice cap, or both. The upper part 
of the formation is fluvial, and may be interpreted 
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of either the Trollheim or the Scott type of Miall 
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berg activity, these members were deposited under 
glaciomarine conditions, with vast amounts of 
subaqueous outwash available. Based on models 
of Boulton and Deynoux (1981) and Powell (1984), 
the diamictites are interpreted as deposits some
what distal to a glacial terminus, whereas the 
dropstone-bearing siltstone argillites and the tur
biditic graded sandstones originated as proximal 
sediments. 

The upper graded sandstone member and the 
parallel-bedded conglomerate member (Fig. 3) 
were deposited by turbidity currents near a glacial 
terminus, and as subaqueous outwash in the ice
proximal zone, probably near the ice-contact 
grounding line, respectively (Marmo, 1986), as mo-

delled by Powell (1984) and Rust and Romanelli 
(1975). The lower part of the cross-bedded con
glomerate member displays the characteristics of 
both esker (Banerjee and McDonald 1975) and 
sandur (Chureh and Gilbert 1975) deposits. The 
upper part of the member is interpreted as 
proximal braided stream deposits of the Scott and 
Trollheim types, typical of glacial outwash plain 
deposition. 

The models of deposition for the members of 
the Urkkavaara Formation may be expressed as 
six individual depositional facies. The first five 
facies (Fig. 6a) formed during repeated glacial 
advances and retreats, and finally that sixth, the 
cross-bedded conglomerate facies originated dur
ing deglaciation (Fig. 6b) . 

Hattusaari Formation 

The sediments of the Hattusaari Formation are 
interpreted to have been deposited in a proximal 
braided river or in an alluvial fan. Facies associa
tions of the Trollheim type (Miall 1978) char
acterize the lower part of the formation, and those 
of the Scott type are typical of the upper part. 
Again, the sedimentation was apparently related 
to faulting. 

Hokkalampi Formation 

Aurola (1959) was the first to point out that 
kyanite- and andalusite-bearing rocks in North Ka
relia may represent metamorphosed weathering 
mantles or their reworked equivalents. More re
cent studies (Marmo) show that the Hokkalampi 
Formation resulted from intense chemical weather
ing of the Sariolian sediments in the south and 
north, and of the Archaean basement rocks in the 
middle part of the study area. The weathering 
mantles were kaolinitic in the upper part, and illi
tic in the lower part; this is in accordance with the 
weathering profile models of Storr et al. (1978). 
The alteration is proposed to have occurred in 
warm and humid climatic conditions, correspond
ing to those prevailing today at equatorial lati
tudes. Prolonged tectonic stability during Hokka
lampi time is suggested. Leaching of ferrous iron 
in the profiles indicates reducing conditions for the 
weathering. 
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Fig. 6. The six depositional facies of the Urkkavaara Formation, shown as a diagrammatic model.

The Jatuli Group
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Vesivaara Formation

The Vesivaara Formation is interpreted to have
been deposited as sediments of proximal braided
streams or alluvial fans. The lower part of the for-
mation resembles the Trollheim type of Miall
(1978), characterized by an abundance of debris
flow deposits. The better sorted sediments of the
upper part resemble deposits of the Scott type. The
environment of deposition was featured by mod-
erate topographic contrasts, an abundance of
thoroughly chemically weathered detritus, and
probably by a warm climate associated with heavy
seasonal rains that generated debris flows (Fig.
7,a).

Koli Formation

Characterized by good sorting, massive bedding
and upward fining sequences, the conglomerate
member of the Koli Formation is interpreted to
have originated as channel fills in a proximal
braided river system or in alluvial fans (Fig. 7,b),
as modelled in the Scott type of Miall (1978).

In the quartzite member (Fig. 7,a), southern and
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northern associations have been distinguished.
With its laterally extensive, horizontally laminated
sands, the southern association is in general com-
parable to the sheet flood deposits of the Bijou
Creek type of Miall (1978); these are braided river
deposits originating in a periodically dry environ-
ment dominated by catastrophic floods and dis-
playing extremely poor channelling. The northern
association is better sorted and coarser, consisting
of massive pebble conglomerates and trough cross-
bedded sandstones. The thick and crude upward-
fining cycles probably formed as longitudinal bars
and as products of dune migration on an exten-
sive braid plain. The environment was featured by
proximal Scott type and more distal Donjek type
deposits of Miall (1977). The southern and north-
ern associations have been found to interfinger and
may thus be used to indicate distal-proximal rela-
tionships within the depository.

Jero Formation

In the conglomerate
mation, the lower unit

member of the Jero For-
consists of trough cross-
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bedded sericite-quartzites that show upward-coar-
sening cycles, often terminated by gravel lags.
Changes in water depth and partial drying of bars
may have contributed to the absence of upward-
fining cycles that, during the waning flow, usual-
ly develop on top of massive gravel facies (Cos-
tello & Walker 1972; Crowley 1983). Thus, the
sericite-quartzites were probably deposited in a
poorly channelled braided river or in an alluvial
environment involving considerable changes in
discharge and water depth. The upper, conglom-
eratic unit of the member is in accordance with
the Donjek type of Miall (1978); thus, these con-
glomerates may have resulted from the deposition
in a cyclic, rather gravelly braided river. The poor
sorting and the absence of reactivation surfaces
within the unit indicate a rapid burial of the sedi-
ments. The overall upward-coarsening of the mem-
ber suggests a deposition in a prograding fluvial
system (cf Steel & Aasheim 1978; Heward 1978;
Miall 1982). General sedimentary features within
the conglomerate member suggest an alluvial en-
vironment of deposition characterized by an
upwards improving channelling and an increase
in the amount of detritus transported (Fig. 7,b).

The giant-scale trough cross-bedding appears to
be a key structure in the environmental interpreta-
tion of the arkosite member of the Jero Forma-
tion. Gigantic cross-beds occur in deeply chan-
nelled big rivers (Miall 1982). In size and mor-
phology, these cross-beds resemble those forming
today in the Brahmaputra river. According to
Coleman (1969), they develop through a migra-
tion of sandwaves in a heavily loaded big river.

The deposition of the Jero Formation is attrib-
uted to the second main stage of Jatuli sedimen-
tation (Fig. 7,b). Tensional faulting generated a
graben or halfgraben in which prograding alluvial

sedimentation developed. The deposition of the
lower member occurred in transverse alluvial
rivers, whereas, longitudinal rivers prevailed
during deposition of the upper member.

Puso Formation

Both members of the Puso Formation are do-
minated by well sorted and well rounded sands.
With their horizontal bedding and planar cross-
bedding, the sands show strong reworking sugges-
tive of high energy conditions for deposition. A
nearshore environment is proposed, probably
mainly in the swash zone. The presence of some
fine sediments mixed with the sands in the middle
part of the formation indicates that fluvial pro-
cesses were possibly also involved. The trough
cross-bedded lithofacies in the upper parts of the
formation is a structure common in the marine
environment.

Due to the thickness of the Puso Formation, the
deposition may not be attributed to only one
specific geological setting, e.g. a single trans-
gression. Therefore, the formation is interpreted
to have been resulted from a long-term filling of
an aggradational basin with various environments
and subenvironments of deposition. The unimodal
palaeocurrent pattern (Fig. a) may be interpreted
to reflect transgressional events from the north-
west. Despite the fact that the depositional model
proposed for the Puso Formation (Fig. 7,c) is
preliminary and tentative, the sedimentation is not
considered to have been continental as was the case
during Vesivaara, Koli, and Jero times. Therefore,
the Puso Formation possibly represents the third
major stage in the Jatulian sedimentation (Fig.
7 ,c).

PROVENANCE

The Sariola Group

The sediments of the Sariola Group are predo-
minantly gravels, thus giving direct evidence for
their provenance. An Archaean source is evident
for the Ilvesvaara and Hattusaari formations. The
promixal lower parts of the Hattusaari Formation
consist mainly of volcanogenic material, obviously
derived from the Archaean greenschists now also
exposed in the area. The more mature and distal
upper part reflects a more plutonic source, or a
maturing due to reworking, or both. The pebbles
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within the Ilvesvaara Formation indicate a local
source of mainly granodioritic plutonic rocks. As
the Urkkavaara Formation originated in glacial
conditions, an extensive source probably encom-
passing thousands of square kilometres is propo-
sed. The pebbles and the mainly granodioritic
chemical compositions of the coarse Urkkavaara
sediments suggest that felsic plutonic rocks domi-
nated the source area. Most of the lithic fragments
in the conglomerates are granites, probably be-
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cause they have better resistance to abrasion than
have granodioritic and tonalitic rock fragments.

The Hokkalampi Formation resulted from an
intense regional chemical weathering, mainly in si-
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tu. Thus, the rocks of the formation have their
provenance in the Sariolian sediments or Archa-
ean gneisses immediately underlying the Hokka-
lampi palaeosols.

The Jatuli Group

The sediments of the Vesivaara and Koli For-
mations are generally poorly sorted and minera-
logically resemble those of the underlying Hok-
kalampi Formation. Consequently, they are inter-
preted to have resulted from reworking of Preja-
tulian paleosols consisting of quartz and residual
clays. The gradual upward decrease in the com-
positional maturity within the conglomerate mem-
ber of the Jero Formation may indicate that at the
beginning of the Jero time the source area was
mainly composed of chemically weathered detritus,
and that later on fresh plutonic rocks were exposed
to erosion. The change in the prevailing detrital

feldspar from the K-feldspar of the lower mem-
ber into the plagioclase of the arkosite member
may be interpreted as a change from a granodio-
rite-dominated source into a tonalitic-trondhje-
mitic source. This concept is supported by the dis-
tinctly different palaeocurrent patterns of the two
members of the Jero Formation.

The detritus of the Puso Formation does not
provide direct evidence of provenance. The pres-
ence of feldspar in the formation, and the grada-
tional lower contact with the Jero Formation, sug-
gest that the Puso quartzites resulted from rework-
ing and recycling of previous sediments.

SUGGESTIONS FOR CORRELATIONS

As the Jatuli and Sariola sediments in the study
areaare mainly continental deposits, they probably
do not represent laterally continuous units of wide
extent. Therefore, a strictly lithostratigraphic re-
gional correlation appears to be of limited value.
The best means for correlation would possibly be
any evidence of uncommon exogenic conditions
or events of wide regional or even global extent
capable to produce extraordinary geologic records.
In this study area, the glaciogenic Urkkavaara For-
mation and the Hokkalampi paleosols witL the as-
sociated sediments, resulted from such events that
may be utilized in correlation. Arkoses are not un-
common, but the deposition of the Jero arkoses
was initiated and controlled by significant faulting
undoubtedly more than regional in scale. Con-
sequently, the Jero Formation should also have
counterparts at least in the neighbouring areas.

Lower Proterozoic glaciogenic deposits have not
been reported elsewhere in Finland. In Soviet Ka-
relia and in the Kola Peninsula in the USSR, gla-
ciogenic deposits have been established within the
Sariola Group (Salop 1983, p. 138). In the lower
Proterozoic of North America, the presence of gla-

ciogenic deposits representing three major periods
of glaciation is well documented (Coleman 1907,

1908; Young 1981a, l98lb; Ojakangas 1985).
Whether the lower Proterozoic glaciation on the

Fennoscandian (Baltic) Shield coincides in time
with any of the Huronian glaciations is still un-
resolved, but correlation has been suggested by
Marmo and Ojakangas (1984) and Ojakangas (in
press).

The presence of weathering mantles under thick
and mineralogically mature lower Proterozoic
quartzites is well established on both the Fenno-
scandian and the Canadian Shields (Marmo, in
prep;Marmo, 1986; Strand 1985; Koryakin 1970;
Gay & Grandstaff 1979; Youne 1973; Walker e/
al. 1983) (editors' note: see also Strand, this
volume). Many of these palaeosols seemingly orig-
inated under warm and humid climatic condi-
tions. The overlying orthoquartzitic sandstones,
too, have often been attiributed to this preceding
stage of an intense chemical weathering (cf. Young
1973). It is plausible that these deposits formed
at least roughly contemporaneously.

The deposition of the Jero Formation resulted
from marked topographic contrasts due to exten-
sive faulting; this caused erosion, transportation,
deposition and rapid burial of vast amounts of
clastic debris in an alluvial environment. The fault-
ing was possibly regional in scale, and time-strati-
graphic counterparts for this formation should
have been deposited in neighbouring districts.
However, in the Kiihtelysvaara-Värtsilä area,
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south of Kaltimo, this counterpart did not form
(cf. Pekkarinen 1979). In the Kainuu Area, the
arkosic rocks overlying the Kainuu Croup (Strand
1985; Laajoki 1986) and the Iso Tuomivaara For-
mation (Kontinen, 1986) may have been deposit-
ed during Jero time. In the Koli-Kaltimo Area

and in Kainuu, the deposition of these immature
psammites and psephites was followed by a period
of mainly transgressional events, as shown by
upward maturing sequences in the quartz-arenitic
sandstones.

CONCLUDING REMARKS

The sediments of the Sariola Group appear to
have a much wider extent in the study area than
has previously been shown. However, their expo-
sure is sporadic and local and their preservation
was probably affected by a primary topographic
relief. The sediments were mineralogically imma-
ture and poorly to moderately sorted. The source
area underwent little if any chemical weathering
before erosion and deposition. The environments
of deposition during Sariola time were generally
marked by rapid sedimentation under cold climat-
ic conditions.

The Hattusaari and Ilvesvaara Formations re-
sulted from sedimentation related to faulting.
Some breccias in the Ilvesvaara Formation suggests
ice shattering.

The rocks of the Urkkavaara Formation are gla-
ciogenic. The lower members of formation are in-
terpreted to have been deposited in a glaciomarine
environment during glaciation, whereas the upper
members formed as outwash deposits during de-
glaciation. Present also in the Soviet Karelia and
Kola Peninsula in the USSR, glaciogenic deposits
are found along a north-south belt more than 500
km long, thus suggesting a major period of lower
Proterozoic continental glaciation of the Fenno-
scandian Shield. On the Canadian Shield, the pres-
ence of glacial deposits of about the same age as
the Urkkavaara Formation has also been estab-
lished.

Cold glacial conditions were followed by a pro-
longed period of a warm and humid climate. Thick
kaolinitic paleosols were formed, now exposed as
the aluminous rocks of the Hokkalampi Forma-
tion. The presence of paleosols underlying mature
early Proterozoic quartzites has been reported
from the Kainuu Area in Finland, in Soviet Kare-
lia in the USSR, and in North America. The early
Proterozoic deep weathering on the Fennoscandian
Shield may coincide in time with the early Prote-
rozoic weathering on the Canadian Shield.

The main source of detritus for the Sariola de-
posits was the Archaean Basement Complex com-
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prising felsic plutonic rocks and minor green-
schists. The Hattusaari and Ilvesvaara Formations
obviously had local source, whereas the sediments
of the Urkkavaara Formation were derived from
a source area covering thousands of square kilo-
metres.

Excluding the upper part of the Jatuli Group,
the environments of deposition were continental,
featured by alluvial to fluvial conditions. The
upper quartz arenites were deposited in a shallow
transgressive sea. Three main stages of deposition
have been distinguished within the Jatuli Group.

During the first stage, the Vesivaara Formation
and the lower parts of the Koli Formation were
deposited as proximal braided river deposits. The
upper parts clearly formed as more distal deposits.
The environment of deposition was characterized
by tectonic stability, by a low topographic relief
associated with local escarpments, and by ephem-
eral conditions.

The Jero Formation was deposited during the
second stage in an alluvial system characterized by
transverse and longitudinal rivers. Intensive fault-
ing generated marked topographic contrasts be-
fore and during the deposition, which took place
in a graben or half-graben and was featured by
a rapid burial. The Jero stage appears to have a
counterpart in the Kainuu Area.

The sedimentation of the Puso Formation is at-
tributed to the third depositional stage of Jatuli
time. A nearshore environment of deposition in
transgressing sea is suggested. The transgression
probably took place from the northwest. The pres-
ence of Jatulian transgressional quartz arenites is
well established all over the Baltic Shield; whether
these units were deposited in the same depository
or many separate basins remains unresolved.

The dominant source of the detritus in the ve-
sivaara and Koli Formations was the late Sario-
lian weathering mantle of residual clays and
quartz. For the Jero Formation, a further source
of Archaean granitoids is evident. The Puso sand-
stones were probably derived from reworking of
previous sediments.
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EARLY PROTEROZOIC KALEVIAN LITHOEACIES AND THEIR
INTERPRETATION IN THE HAMMASLAHTI - NAATTYLA

AREA, EASTERN FINLAND

by
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Ward, Peter, 1988. Early Proterozoic Kalevian lithofacies and their inter-
pretation in the Hammaslahti-Rääkkylä area, eastern Finland. Geologi-
cal Survey of Finland, Special Paper 5. 29-48, 13 figures.

Two distinct stratotectonic provinces are recognized within the Kalevian
metasediments of North Karelia, based on lithological, petrofacial and tec-
tonic criteria. The mainly allochthonous Savo province is separated from
the Höytiäinen province to the east by the complex Suhmura thrust zone.
The vergence of associated recumbent folds further implies that the west-
ern margin of the Höytiäinen province has been truncated by translation
of the Savo province from the southwest so that stratigraphical correlation
between the two provinces may not be practicable. Instead it is suggested
that they represent the deformed remnants of two distinct, and not neces-
sarily penecontemporaneous basins.

The Höytiäinen province contains well-preserved and diverse primary de-
positional features, with clear evidence of a local provenance, including
Archaean granitoids and gneisses, Jatulian orthoquartzites and penecon-
temporaneous metabasites. Coarse clastic lithofacies within the province
are interpreted as proximal, partly channelized prograding fan sequences
characterized by fining and thinning upward sequences and passing upwards
and laterally into quartzose metapsammites assigned to a suprafan - middle
fan setting. Stratigraphical relationships with associated chemogenic and
pelitic lithologies are obscure due to complex deformation. However, the
coarser lithologies appear to record a terrigenous influx of detritus pro-
grading across finer-grained and more distal deposits, correlating with the
upper Jatulian - Kalevian transition recognized near Kiihtelysvaara, at
the autochthonous eastern margin of the province (Pekkarinen,1979).

In contrast, the Savo province, while containing the distinctive serpen-
tinites, volcanogenic and chemogenic lithologies of the Outokumpu assem-

blage, is dominated by monotonous metapsammites preserving few indi-
cations of depositional environment. However, rare examples of primary
structures support their interpretation as medium- to thick-bedded mass

flow deposits in a submarine setting. Near the present eastern margin of
the province, coarse, chaotic deposits contain intraformational detritus
which suggests deposition from debris flows and high-density turbidity cur-
rents in a submarine canyon or channelized inner fan environment. Abun-
dant Na-plagioclase and biotite in Savo province metapsammites is con-
sidered to reflect sediment supply from a relatively K-poor terrane rich in
chlorite-montmorillonite but petrographical criteria alone are insufficient
to discriminate between a possible Archaean provenance (with derivation
from both greenstones and granitoids) or early Proterozoic plutonic or vol-
canogenic sources.

Key words: metasedimentary rocks, lithofacies, paleosedimentology, de-
position, environment, provenance, rifting, Proterozoic, Karelian, Kale-
vian, Rääkkylä, Pyhäselkä, Finland
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the Höytiäinen province to the east by the complex Suhmura thrust zone. 
The vergence of associated recumbent folds further implies that the west
ern margin of the Höytiäinen province has been truncated by translation 
of the Savo province from the southwest so that stratigraphical correlation 
between the two provinces may not be practicable. Instead it is suggested 
that they represent the deformed remnants of two distinct, and not neces
sarily penecontemporaneous basins. 

The Höytiäinen province contains well-preserved and diverse primary de
positional features, with clear evidence of a local provenance, including 
Archaean granitoids and gneisses, latulian orthoquartzites and penecon
temporaneous metabasites. Coarse clastic lithofacies within the province 
are interpreted as proximal, partly channelized prograding fan sequences 
characterized by fining and thinning upward sequences and passing upwards 
and laterally into quartzose metapsammites assigned to a supra fan - middle 
fan setting. Stratigraphical relationships with associated chemogenic and 
pelitic lithologies are obscure due to complex deformation. However, the 
coarser lithologies appear to record a terrigenous influx of detritus pro
grading across finer-grained and more distal deposits, correlating with the 
upper latulian - Kalevian transition recognized near Kiihtelysvaara, at 
the autochthonous eastern margin of the province (Pekkarinen, 1979). 

In contrast, the Savo province, while containing the distinctive serpen
tinites, volcanogenic and chemogenic lithologies of the Outokumpu assem
blage, is dominated by monotonous metapsammites preserving few indi
cations of depositional environment. However, rare examples of primary 
structures support their interpretation as medium- to thick-bedded mass 
flow deposits in a submarine setting. Near the present eastern margin of 
the province, coarse, chaotic deposits contain intraformational detritus 
wh ich suggests deposition from debris flows and high-density turbidity cur
rents in a submarine canyon or channelized inner fan environment. Abun
dant Na-plagioclase and biotite in Savo province metapsammites is con
sidered to reflect sediment supply from a relatively K-poor terrane rich in 
chlorite-montmorillonite but petrographical criteria alone are insufficient 
to discriminate between a possible Archaean provenance (with derivation 
from both greens tones and granitoids) or early Proterozoic plutonic or vol
canogenic sourees. 

Key words: metasedimentary rocks, lithofacies, paleosedimentology, de
position, environment, provenance, rifting, Proterozoic, Karelian, Kale
vian, Rääkkylä, Pyhäselkä, Finland 
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BACKGROUND TO KALEVIAN GEOLOGY

The Kalevian metasediments of Finnish Karelia
straddle the boundary zone between the traditional
Svecofennian and Karelian divisions of Finnish
geology (Fig. l). Therefore any insight into their
depositional and tectonic setting is relevant to a
fuller understanding of regional Proterozoic evo-
lution. Lithological distinctions between Kalevian
and other lower Proterozoic deposits were firstly
attributed to lateral facies variations by Metzger
(1924) and were soon accommodated into unifor-
mitarian geosynclinal models, incorporating Alpine
tectonic concepts (Wegmann, 1928; Hausen, 1930).
In a perceptive regional analysis, Väyrynen (1939)
applied the term 'Kalevian flysch' to these mainly
pelitic deposits, which he further subdivided into
two units - in the east, an autochthonous, domi-
nantly phyllitic sequence disconformably overlying
so-called Jatulian orthoquartzites and to the west,
an allochthonous unit delineated by ophiolites of
the Outokumpu nappg in which metasediments are
more highly metamorphosed and associated with
serpentinites, dolomites and graphitic schists (Figs.
2 and l3).

The findings of Gaäl and others (1975) and Huh-
ma (1975) reiterated this twofold subdivision, while
Väyrynen's stratigraphic scheme has been vindi-
cated in the detailed studies by Nykänen (1971),

Pekkarinen (1979) and Marmo and others (1986)
(editors' note: see also Marmo et al, this volume).

Meanwhile, the possible context of Kalevian de-
position within plate-tectonic appraisals of the Fen-
noscandian Shield has been evaluated by Gaäl
(1982), Park (1985) Laajoki (1986) and Ward (1987).

Nevertheless, because these rocks are in general mo-
notonous, metamorphosed, multiply deformed and
masked by moraines there has been little incentive
to examine them directly from a sedimentological
perspective.

This paper therefore presents the results obtained
during lithofacies investigations in the Hammas-
lahti - Rääkkylä district, comprising a traverse
through both the allochthonous and autochtho-
nous units defined by Väyrynen. Complementary
structural studies, reviewed by Ward (1987), have
shown that differences in deformational style can
be used as an adjunct to lithological and petrolog-
ical criteria in supporting the existence of these dis-
tinct stratotectonic provinces - the Höytiäinen
province in the east and the largely allochthonous
Savo province in the west (Fig. 2). The boundary
between the two provinces is, in the study area, de-
fined by the complex Suhmura thrust zone. This
feature may be extrapolated northwards along the
eastern margin of the Sotkuma Archaean inlier,
and southwards towards Lake Ladoga, thus form-
ing one of the major tectonic features of Finnish
Karelia.

LIMITATIONS OF LITHOFACIES ANALYSIS

In complexly deformed terrain, detailed corre-
lation of stratigraphical units is not feasible. Ne-
vertheless, valuable information concerning the
kinds of depositional processes and envircnments
that existed within a basin can be obtained from
individual exposures wherever these retain primary
sedimentary features. Interpretations thus made are
as valid and objective as the sedimentological
models from which they derive.

A further adjunct to basin analysis in deformed
and metamorphosed sequences is the definition of
petrofacies using distinctive petrographical, geo-
chemical and isotopic characteristics. Huhma
(1985, 1987) has published the results of Sm-Nd
model age determinations relating to detrital pro-
venance, but since geochemical investigations are
still in progress, analysis of provenance will not be
considered here in detail.

The term 'lithofacies'is in widespread, and valid
usage in both describing sedimentary units having

distinct lithological, geometrical and sedimento-
logical features, and in an interpretative sense, in-
dicating depositional processes and environments.
It is the former sense which is intended in the fol-
lowing descriptions, since the lithofacies classifi-
cation was developed simply for discriminating
between qualitatively dominant units at outcrop
scale. While desirable that these lithofacies distinc-
tions reflect real differences in depositional regime
and environment, this is in practice difficult for
much of the present study area, where bed thick-
ness - itself modified by tectonic strain - is com-
monly the only depositional parameter preserved
after deformation and recrystallization.

In the following review, various lithofacies from
the Höytiäinen and Savo provinces are described,
following which, depositional processes and envi-
ronments, relationships amongst the various litho-
facies and their possible tectonic context are con-
sidered.
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BACKGROUND TO KALEVIAN GEOWGY 

The Kalevian metasediments of Finnish Karelia 
straddle the boundary zone between the traditional 
Svecofennian and Karelian divisions of Finnish 
geology (Fig. 1). Therefore any insight into their 
depositional and tectonic setting is relevant to a 
fuller understanding of regional Proterozoic evo
lution. Lithological distinctions between Kalevian 
and other lower Proterozoic deposits were firstly 
attributed to lateral facies variations by Metzger 
(1924) and were soon accommodated into unifor
rnitarian geosynclinal models, incorporating Alpine 
tectonic concepts (Wegmann, 1928; Hausen, 1930). 
In a perceptive regional analysis, Väyrynen (1939) 
applied the term 'Kalevian flysch' to these mainly 
pelitic deposits, which he further subdivided into 
two units - in the east, an autochthonous, domi
nantly phyllitic sequence disconformably overlying 
so-called Jatulian orthoquartzites and to the west, 
an allochthonous unit delineated by ophiolites of 
the Outokumpu nappe, in which metasediments are 
more highly metamorphosed and associated with 
serpentinites, dolomites and graphitic schists (Figs. 
2 and 13). 

The findings of Gaal and others (1975) and Huh
ma (1975) reiterated this twofold subdivision, while 
Väyrynen's stratigraphie scheme has been vindi
cated in the detailed studies by Nykänen (1971), 
Pekkarinen (1979) and Marmo and others (1986) 
(editors' note: see also Marmo et al, this volume). 

Meanwhile, the possible context of Kalevian de
position within plate-tectonic appraisals of the Fen
noscandian Shield has been evaluated by Gaal 
(1982), Park (1985) Laajoki (1986) and Ward (1987). 
Nevertheless, because these rocks are in general mo
notonous, metamorphosed, multiply deformed and 
masked by moraines there has been little incentive 
to examine them directly from a sedimentological 
perspective. 

This paper therefore presents the results obtained 
during lithofacies investigations in the Hammas
lahti - Rääkkylä distriet, comprising a traverse 
through both the allochthonous and autochtho
nous units defined by Väyrynen. Complementary 
structural studies, reviewed by Ward (1987), have 
shown that differences in deformational style can 
be used as an adjunct to lithological and petrolog
ical criteria in supporting the existence of these dis
tinct stratotectonic provinces - the Höytiäinen 
province in the east and the largely allochthonous 
Savo province in the west (Fig. 2). The boundary 
between the two provinces is, in the study area, de
fined by the complex Suhmura thrust zone. This 
feature may be extrapolated northwards along the 
eastern margin of the Sotkuma Archaean inlier, 
and southwards towards Lake Ladoga, thus form
ing one of the major tectonic features of Finnish 
Karelia. 

LIMITATIONS OF LITHOFACIES ANALYSIS 

In complexly deformed terrain, detailed corre
lation of stratigraphical units is not feasible. Ne
vertheless, valuable information concerning the 
kinds of depositional processes and envircnments 
that existed within a basin can be obtained from 
individual exposures wherever these retain primary 
sedimentary features. Interpretations thus made are 
as valid and objective as the sedimentological 
models from which they derive. 

A further adjunct to basin analysis in deformed 
and metamorphosed sequences is the definition of 
petrofacies using distinctive petrographieal, geo
chemical and isotopic characteristics. Huhma 
(1985, 1987) has published the results of Sm-Nd 
model age determinations relating to detrital pro
venance, but since geochemical investigations are 
still in progress, analysis of provenance will not be 
considered here in detail. 

The term 'lithofacies' is in widespread, and valid 
usage in both describing sedimentary units having 

distinct lithologieal, geometrical and sedimento
logical features, and in an interpretative sense, in
dicating depositional processes and environments. 
It is the former sense which is intended in the fol
lowing descriptions, since the lithofacies classifi
cation was developed simply for discriminating 
between qualitatively dominant units at outcrop 
scale. While desirable that these lithofacies distinc
tions re fleet real differences in depositional regime 
and environment, this is in practice difficult for 
much of the present study area, where bed thick
ness - itself modified by tectonic strain - is com
monly the only depositional parameter preserved 
after deformation and recrystallization. 

In the following review, various lithofacies from 
the Höytiäinen and Savo provinces are described, 
following which, depositional processes and envi
ronments, relationships amongst the various litho
facies and their possible tectonic context are con
sidered. 
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HöyTTANEN PROVINCE

Lithofacies descriptions

Coarse-clastic deposits are well exposed between
several splays of the Suhmura thrust zone, in pro-
ximity to a small allochthonous inlier of Archaean
basement (Fig. 2 and 3). Other similar occurrences
are found within a narrow zone between Tikkala
and Kumpu, and passing through the Hammas-
lahti Cu-Zn deposit (Fig. 2).

Coarse-clastic lithofacies at Suhmura

Detailed structural mapping, combined with re-
latively abundant depositional younging criteria
has delineated several thrust surfaces between
which, lower strain zones contain a less disrupted
sedimentary sequence (Fig. 3). Coarse clastic de-
posits are subdivided into two discrete, though in-
tercalated types, based on clast abundance and
matrix type.

Type 1 deposits are commonly graded and ta-
bular medium- to thick-bedded deposits with in-
dividual units varying from I dm to more than l0
m in thickness. Internal bed forms have not been
recognized but basal load casts are often seen. In-
dividual beds are rather massive and homogeneous,
but throughout the sequence, their composition
varies from matrix-poor subarkose to feldspathic
graywacke, with modal size of detritus at the base
of beds being from 2 to 8 mm. Significantly larger
clasts occur sporadically, especially lower in the se-

quence and consist of extrabasinal quartzite and
granitoid gneiss. Beds of this massive graded facies
are sometimes arranged in fining and thinning
upward sequences over intervals of about 50 m
Gig. a).

Type 2 deposits may be described as diamictites,
lacking grading, but sometimes forming coarsening
and thickening upward sequences that are distin-
guishable into two distinct but associated litholo-
gies (Fig. 5). Those beds with a higher proportion
of metapelite have fewer clasts and these tend to
be of intrabasinal derivation (Fig. 5a). Alternat-
ing lenticular and impersistent layers contain al-
most exclusively granitoid clasts, in places exceed-
ing I m in size and sufficiently abundant to form
a clast-supported framework (Fig. 5c). Internal fea-
tures are absent, except for pockets or lenses of
finer, weakly stratified lithologies.

It is significant that some of these coarser units
demonstrably overlie thin-bedded finer deposits.
That is, in spite of their proximity to depositional
basement, they do not appear to represent a basal
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Lithofacies descriptions 

Coarse-c1astic deposits are well exposed between 
several splays of the Suhmura thrust zone, in pro
ximity to a small allochthonous inlier of Archaean 
basement (Fig. 2 and 3). Other similar occurrences 
are found within a narrow zone between Tikkala 
and Kumpu, and passing through the Hammas
lahti Cu-Zn deposit (Fig. 2). 

Coarse-c1astic lithofacies at Suhmura 

Detailed structural mapping, combined with re
latively abundant depositional younging criteria 
has delineated several thrust surfaces between 
which, lower strain zones contain a less disrupted 
sedimentary sequence (Fig. 3). Coarse elastic de
posits are subdivided into two discrete, though in
tercalated types, based on elast abundance and 
matrix type. 

Type 1 deposits are commonly graded and ta
bular medium- to thick-bedded deposits with in
dividual units varying from 1 dm to more than 10 
m in thickness. Internal bed forms have not been 
recognized but basal load casts are often seen. In
dividual beds are rather massive and homogeneous, 
but throughout the sequence, their composition 
varies from matrix-poor subarkose to feldspathic 
graywacke, with modal size of detritus at the base 
of beds being from 2 to 8 mm. Significantly larger 
elasts occur sporadically, especially lower in the se
quence and consist of extrabasinal quartzite and 
granitoid gneiss. Beds of this massive graded facies 
are sometimes arranged in fining and thinning 
upward sequences over intervals of about 50 m 
(Fig. 4). 

Type 2 deposits may be described as diamictites, 
lacking grading, but sometimes forming coarsening 
and thickening upward sequences that are distin
guishable into two distinct but associated litholo
gi es (Fig. 5). Those beds with a higher proportion 
of metapelite have fewer elasts and these tend to 
be of intrabasinal derivation (Fig. 5a). Alte rn at
ing lenticular and impersistent layers contain al
most exelusively granitoid elasts, in places exceed
ing 1 m in size and sufficiently abundant to form 
a cIast-supported framework (Fig. Sc). Internal fea
tures are absent, except for pockets or lenses of 
finer, weakly stratified lithologies. 

It is significant that some of these coarser units 
demonstrably overlie thin-bedded finer deposits. 
That is, in spite of their proximity to depositional 
basement, they do not appear to represent a basal 
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Fig. 5. Coarse clastic deposits within Suhmura thrust zone at Pit-
känurmi; a) contact between feldspathic metagreywacke and chaotic
debris flow deposit containing intrabasinal clasts (x:4494.43,
y :6928.74); b) matrix-supported metapsephite overlying laminated
metapelite, with total thickness approximately I m (x:4494.41,
y = 6921 .24); c) metapsephite containing abundant granitoid detritus,
intercalated with poorly sorted unit containing sparse intrabasinal
clasts; section approximately I m thick (x:4494.36, y :6927 .40).

conglomerate facies at the Archaean - Protero-
zoic unconformity. Also significant is the presence

of sympathetic trends in dominant clast type, bed
thickness and modal grain size that evidently cor-
respond to primary stratigraphic features. In
general, intrabasinal clasts predominate higher in
the sequence, while amongst extrabasinal clasts,
orthoquartzite is clearly subordinate to granitoid
detritus except in the lowermost deposits (Fig. a).
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This logically corresponds to an inversion of the
inferred source area stratigraphy, consistent with
the exhuming of granitoid basement from beneath
platform-cover quartzites. The progressive increase
in intrabasinal detritus presumably reflects rework-
ing of contemporaneous deposits and restriction
of direct access to ultimate source area, and is also
concomitant with a general decrease in modal grain
size and diversity of detritus.

Coarse-clastic deposits between Tikkala and
Kumpu

Useful reference exposures were found at the
Tikkala railway siding, where two distinct facies
types occur on the less strained upper limb of an
isoclinal, originally recumbent fold (Fig. 6).

Type 1 deposits consist of generally tabular,
graded feldspathic metagreywacke units up to 2 m
in thickness, arranged in distinct fining and thin-
ning upward sequences, all enclosed by thin-bedded
sulphide-bearing metapelites (Fig. 6). Maximum
grain size is consistently about 8 mm and, apart
from grading, only occasional beds show features
found in classical Bouma turbidite divisions.

Type 2 deposits are discontinuous, weakly stra-
tified and matrix-supported units possessing a great
range in clast size and abundance (Fig. 6). Diverse
intrabasinal clasts may attain sizes of I m and in-
clude internally stratified quartz arenites, grey-
wackes, pelites and dolomites. Similar deposits oc-
cur near the Hammaslahti Cu-Zn mine, but also
contain extrabasinal clasts of granitoids, vein
qtJartz and orthoquartzite, up to 2 dm in maximum
(strained) dimension (Fig. 7a). Still further north,
at Kumpu, extrabasinal clasts coarser than gran-
ule size have not been found, though large, chaotic-
ally distributed intrabasinal clasts are common
(Fig. 7b). Pekkarinen (1979) has described ana-
logous deposits disconformably overlying Jatulian
sediments at Kiihtelysvaara (Figs. 2 and 7c).

Thin- to medium-bedded quartz-rich lithofacies

The transition between the sediments described
above and finer-grained, more compositionally uni-
form deposits is gradual and to some extent arbi-
trary. These latter consist of beds typically less than
3 dm in thickness and, apart from mica, detritus
consists exclusively of quartz finer than I mm. Va-
riations in the proportion of pelite enable the re-
cognition of two distinct types.

Type 1 deposits dominate between Suhmura and
Mulo (Fig. 2) where they are deformed into sev-

eral reclined antiforms indicating a post-deform-
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Fig. 5. Coarse elastic deposils within Suhmura thrust zone at Pit
känurmi; a) contact between feldspathic metagreywacke and chaotic 
debris flow deposit containing intrabasinal elasts (x = 4494.43, 
Y = 6928 .74); b) matrix-supported metapsephite overlying laminated 
melapelile, with total thickness approximately I m (x = 4494.41, 
y = 6927.24); c) metapsephite containing abundant granitoid detritus , 
intercalated with poorly sorted unit containing sparse intrabasinal 
elasts; section approximately I m thick (x = 4494.36, Y = 6927.40). 

eonglomerate facies at the Arehaean - Protero
zoie uneonformity. Also signifieant is the presenee 
of sympathetie trends in dominant elast type, bed 
thiekness and modal grain size that evidently eor
res pond to primary stratigraphie features. In 
general, intrabasinal elasts predominate higher in 
the sequenee, while amongst extrabasinal elasts, 
orthoquartzite is elearly subordinate to granitoid 
detritus exeept in the lowermost deposits (Fig. 4). 
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This logieally eorresponds to an inversion of the 
inferred souree area stratigraphy, eonsistent with 
the exhuming of granitoid basement from beneath 
platform-eover quartzites. The progressive inerease 
in intrabasinal detritus presumably re fleets rework
ing of eontemporaneous deposits and restrietion 
of direet aeeess to ultimate souree area, and is also 
eoneomitant with a general deerease in modal grain 
size and diversity of detritus. 

Coarse-c1astic deposits between Tikkala and 
Kumpu 

Useful referenee exposures were found at the 
Tikkala railway siding, where two distinet facies 
types oeeur on the less strained upper limb of an 
isoelinal, originally reeumbent fold (Fig. 6). 

Type 1 deposits eonsist of generally tabular, 
graded feldspathie metagreywaeke units up to 2 m 
in thiekness, arranged in distinet fining and thin
ning upward sequenees, all enclosed by thin-bedded 
sulphide-bearing metapelites (Fig. 6). Maximum 
grain size is eonsistently about 8 mm and, apart 
from grading, only oeeasional beds show features 
found in elassical Bouma turbidite divisions. 

Type 2 deposits are diseontinuous, weakly stra
tified and matrix-supported units possessing a great 
range in elast size and abundanee (Fig. 6). Diverse 
intrabasinal elasts may attain sizes of 1 m and in
elude internally stratified quartz arenites, grey
waekes, pelites and dolomites. Similar deposits oe
eur near the Hammaslahti Cu-Zn mine, but also 
eontain extrabasinal elasts of granitoids, vein 
quartz and orthoquartzite, up to 2 dm in maximum 
(strained) dimension (Fig. 7a). Still further north, 
at Kumpu, extrabasinal elasts eoarser than gran
ule size have not been found, though large, ehaotie
ally distributed intrabasinal elasts are eommon 
(Fig. 7b) . Pekkarinen (1979) has deseribed ana
logous deposits diseonformably overlying latulian 
sediments at Kiihtelysvaara (Figs. 2 and 7e). 

Thin- to medium-bedded quartz-rich Iithofacies 

The transition between the sediments deseribed 
above and finer-grained, more eompositionally uni
form deposits is gradual and to some extent arbi
trary. These latter eonsist of beds typically less than 
3 dm in thiekness and, apart from miea, detritus 
eonsists exelusively of quartz finer than 1 mm. Va
riations in the proportion of pelite enable the re
eognition of two distinet types. 

Type 1 deposits dominate between Suhmura and 
Mulo (Fig. 2) where they are deformed into sev
eral reelined antiforms indieating a post-deform-
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Fig. 6. Fining and thinning upward sequence overlain by coarse chaotic deposits, Tikkala railway siding (x=4504.70, y=6917.40)
Horizontal outcrop surface.

Fig. 7. a) Strained granitoid, quartzite and intrabasinal clasts in
metapsephite, Hammaslahti Cu-Zn mine (x : 4504.70, y : 6928.1'1 : \;
b) Chaotic deposit with intrabasinal detritus only, Kumpu
(x:4498.83, y = 6936.41); c) Metapsephite with large rounded quart-
zite boulder and distinctly darker metabasite clasts, in a generally
mafic matrix, Kiihtelysvaara (x : 45 14.09, y : 6929.52).

ational thickness in excess of I km. No grading or
sedimentary structures have been identified and pe-

Iitic content is negligible.

Type 2 deposits are typical of the central and
eastern parts of the province and have better pre-
served grading from quartz greywacke to pelite
giving rise to rhythmically bedded couplets from
I to 30 cm in thickness (Figs. 8a and 9a).

36

Volcanogenic lithofacies

The relationship of the Tohmajärvi mafic ig-
neous complex (Nykänen, l97l) to Höytiäinen
province deposition has not been examined in
detail. However. between Tikkala and Hammas-
lahti, graded hornblende-bearing greywackes are
interpreted as epiclastic turbidites, if not pyroclastic
deposits derived directly from the complex. Tiem-
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Fig. 6. Fining and thinning upward sequence overlain by coarse chaotic deposits, Tikkala railway siding (x = 4504 .70 , Y = 691 7.40) . 
Ho rizontal outcrop surface. 

Fig. 7. a) Strained granitoid, quartzite and intrabasinal elasts in 
metapsephite, Hammaslahti Cu-Zn mine (x = 4504.70, y= 6928.17 = ); 
b) Chaotic deposit with intrabasinal detritus only, Kumpu 
(x = 4498.83, y = 6936.41); c) Metapsephite with large rounded quart
zite boulder and distinctly dark er metabasite elasts, in a generally 
mafic matrix, Kiihtelysvaara (x = 4514.09, Y = 6929 .52). 

ational thickness in excess of 1 km. No grading or 
sedimentary structures have been identified and pe
litic content is negligible. 

Type 2 deposits are typical of the central and 
eastern parts of the province and have better pre
served grading from quartz greywacke to pelite 
giving rise to rhythmically bedded couplets from 
1 to 30 cm in thickness (Figs. 8a and 9a). 
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olitic intercalations amongst coarse-clastic litho-
facies at the Hammaslahti Cu-Zn deposit lack det-
rital grain features and could represent altered
mafic tuffs or sills, as distal members of the Toh-
majärvi complex.

Pelitic lithofacies

Three distinct lithological types are distin-
guished, of which Type I deposits are by far the
most abundant. All three types lack detritus coarser
than quartz silt.

Type I dark grey micaceous pelites are massive
or fissile depending on the degree of cleavage de-
velopment and lack depositional structures (Fig.
8b). Beds are tabular where boundaries are seen
but thicker units may comprise an entire exposure.
Fine-grained disseminated sulphides are ubiqui-
tous, commonly defining indistinct laminae.

Type 2 consists of impure calcareous laminae
2-5 mm thick which weather to a fawn-brown
colour, and alternate with thinner, darker, graphite-
rich laminae (Fig. 8c). The carbonate-rich laminae
also contain quartz silt, and abundant biotite por-
phyroblasts which enhance the inferred detrital
grading direction. Low-angle cross-stratification
is surprisingly well-preserved in these laminae, but
palaeocurrent flow directions are ambiguous.
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Type 3 massive blue-grey units with distinctive
conchoidal fracture form sharply bounded tabular
beds 5-30 cm thick (Fig. 8b). Weathered surfaces
often display planar lamination or elongate lentic-
ular forms, but neither of these are discernible
microscopically and do not appear to result from
grain size variation.

Presumed chemogenic deposits

At Mulo, structurally below the Suhmura thrust
zone (Fig. 2), a sequence rich in carbonatg graphi-
te and sulfides is unique in lacking textural evidence
for detrital mica and quartz. Instead, it appears
that microcline and dolomite were essential com-
ponents of the pre-metamorphic paragenesis. Be-
cause of the high iron sulphide content, exposures
are very prone to weathering but even when fresh,
any relict depositional features are obscured by in-
tergrown rosettes and brush-like aggregates of
tremolite. These are black, owing to graphite pig-
mentation and smooth broken surfaces are vitre-
ous, resembling anthracite. However, sporadic
lithological bands defined by variations in pyrr-
hotite content or exceptionally, by rather pure la-
minated dolomite, attest to a primary depositional
origin (Fig. 8d).

Depositional environments in the Höytiäinen province

Thrbidites and debris flow deposits at Suhmura

- submarine fan progradation from a basin
margin

Applying the facies models of Mutti and Ricci-
Lucchi (1974), Type I (massive graded) and Type
2 (chaotic) coarse-clastic deposits at Suhmura are
respectively attributed to deposition from high-
density turbidity currents and debris flows. Some
of the more arkosic units may resemble alluvial fan
deposits but, because oftheir overall context, sub-
aqueous deposition is deemed more likely. Textural
maturity inversions such as rounded monocrystal-
line quartz grains in generally poorly sorted
graywacke (Fig. 9b and c) also favour resedimen-
tary processes.

The chaotic facies in particular can provide
much information about depositional mechanisms
and environment. In a review of resedimented
conglomerates, Kelling and Holroyd (1978) mea-
sured certain parameters, such as maximum clast
size, bed thickness and depth of basal scour from

a canyon - fan sequence which resembles the Suh-
mura deposits in that

- maximum size of extrabasinal clasts (eg. quart-
zites, granitoids) decreases upwards through a
sequence 100-200 m in thickness,

- intrabasinal clasts become more abundant in
the upper part, although since they are presum-
ably more bouyant, these may still be quite
large,

- bed thickness remains fairly uniform through-
out, and seldom exceeds 3 m.

According to Kelling and Holroyd (1978), such
a sequence represents gradual starvation of extra-
basinal detritus, although similar depositional en-
vironment and energy levels are maintained
throughout. More specifically, the Suhmura chaotic
deposits can be assigned to a distal, rather than
proximal canyon setting, being poorly channelled
and with a variable degree of internal organization.
If more proximal facies had existed, they could have
been reworked and destroved at the basin marsin
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olitic intercalations amongst coarse-elastic litho
facies at the Hammaslahti Cu-Zn deposit lack det
rital grain features and could represent altered 
mafic tuffs or sills, as distal members of the Toh
majärvi complex. 

Pelitic Iilhofacies 

Three distinct lithological types are distin
guished, of which Type 1 deposits are by far the 
most abundant. All three types lack detritus coarser 
than quartz silt. 

Type 1 dark grey micaceous pelites are massive 
or fissile depending on the degree of eleavage de
velopment and lack depositional structures (Fig. 
8b). Beds are tabular where boundaries are seen 
but thicker units may comprise an entire exposure. 
Fine-grained disseminated sulphides are ubiqui
tous, commonly defining indistinct laminae. 

Type 2 consists of impure calcareous laminae 
2-5 mm thick which weather to a fawn-brown 
colour, and alternate with thinner, darker, graphite
rich laminae (Fig. 8c). The carbonate-rich laminae 
also contain quartz silt, and abundant biotite por
phyroblasts which enhance the inferred detrital 
grading direction. Low-angle cross-stratification 
is surprisingly well-preserved in these laminae, but 
palaeocurrent flow directions are ambiguous. 
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Type 3 massive blue-grey units with distinctive 
conchoidal fracture form sharply bounded tabular 
beds 5-30 cm thick (Fig. 8b). Weathered surfaces 
often display planar lamination or elongate lentic
ular forms, but neither of these are discernible 
microscopically and do not appear to result from 
grain size variation. 

Presumed chemogenic deposits 

At Mulo, structurally below the Suhmura thrust 
zone (Fig. 2), a sequence rich in carbonate, graphi
te and sulfides is unique in lacking textural evidence 
for detrital mica and quartz. Instead, it appears 
that microeline and dolomite were essential com
ponents of the pre-metamorphic paragenesis. Be
cause of the high iron sulphide content, exposures 
are very prone to weathering but even when fresh, 
any relict depositional features are obscured by in
tergrown rosettes and brush-like aggregates of 
tremolite. These are black, owing to graphite pig
mentation and smooth broken surfaces are vitre
ous, resembling anthracite. However, sporadic 
lithological bands defined by variations in pyrr
hotite content or exceptionally, by rather pure la
minated dolomite, attest to a primary depositional 
origin (Fig. 8d). 

Depositional environments in the Höytiäinen province 

Turbidites and debris f10w deposits at Suhmura 
- submarine fan progradation from a basin 
margin 

Applying the facies models of Mutti and Ricci
Lucchi (1974), Type 1 (massive graded) and Type 
2 (chaotic) coarse-elastic deposits at Suhmura are 
respectively attributed to deposition from high
density turbidity currents and debris flows. Some 
of the more arkosic units may resemble alluvial fan 
deposits but, because of their overall context, sub
aqueous deposition is deemed more likely. Textural 
maturity inversions such as rounded monocrystal
line quartz grains in gene rally poorly sorted 
graywacke (Fig. 9b and c) also favour resedimen
tary processes. 

The chaotic facies in particular can provide 
much information about depositional mechanisms 
and environment. In a review of resedimented 
conglomerates, Kelling and Holroyd (1978) mea
sured certain parameters, such as maximum elast 
size, bed thickness and depth of basal scour from 

a canyon - fan sequence which resembles the Suh
mura deposits in that 

maximum size of extrabasinal elasts (eg. quart
zites, granitoids) decreases upwards through a 
sequence 100-200 m in thickness, 
intrabasinal elasts become more abundant in 
the upper part, although since they are presum
ably more bouyant, these may still be quite 
large, 
bed thickness remains fairly uniform through
out, and seldom exceeds 3 m. 

According to Kelling and Holroyd (1978), such 
a sequence represents gradual starvation of extra
basinal detritus, although similar depositional en
vironment and energy levels are maintained 
throughout. More specifically, the Suhmura chaotic 
deposits can be assigned to a distal, rather than 
proximal canyon setting, being poorly channelled 
and with a variable degree of internal organization. 
If more proximal facies had existed, they could have 
been reworked and destroyed at the basin margin 
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Fig. 8. Höytiäinen province metapelites; a) thin-bedded metaturbidites, N of Hammaslahti Cu-Zn deposir (x = 4502.65, y - 6933.241' 61
foliated Type I micaceous metapelite between more competenl ancl massive 1'ype 3 units, near Kumpu (x -ri+Sq.sq,.v-oÖ:z.zS); c) iou'l
angle cross-stratification in Type 2 calcareous metapelite, N of Hammaslahti Cu-Zn deposit. Dark bands are graphite 6earing. Figure app-
roxi;nately natural size (y-4491.95, y-6930.17); d) variation in pyrrhotitecontent delineating two separare dipositional layers within cle-
mogenic deposits at N{ulo. Figure approrimately narural stze (x-4492.40, y-6936.56).
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Fig. 8. Höytiäinen province metapelites; a) thin-bedded metaturbidites, N of Hammaslahti Cu-Zn deposit (x = 4502.65, y = 6933.24); b) 
foliated Type I micaceous metapelite between more competent and massive Type 3 units, near Kumpu (x = 4494.84, y = 6937.28); c) low
angle cross-stratification in Type 2 calcareous metapelite, N of Hammaslahti Cu-Zn deposit. Dark bands are graphite bearing. Figure app
roximately natural size (y = 4497.95, Y = 6930.17); d) variation in pyrrhotite content delineating two separate depositionallayers within che
mogenic deposits at Mulo. Figure approximately natural size (x = 4492.40, y = 6936.56). 
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or else later displaced by movements within the
Suhmura thrust zone.

Because of the possible influence of tectonic de-
formation, lateral impersistence of depositional
units cannot be identified with certainty. However,
the argument for channelized inner-fan or canyon
deposition is strengthened by the occurrence of
coarsening and thickening upward sequences such
as at Pitkänurmi (Fig. 3). Through an interval of
at least 50 m, medium-bedded quartz greywackes
are succeeded by deposits at first resembling those
of thin, matrix-supported debris flows, (Fig. 5a),
followed by an increasing proportion of granitic
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detritus (Fig. 5b), and finally more massive clast-
supported diamictite with granitoid boulders ex-
ceeding I m in maximum dimension (Fig. 5c). This
is overlain relatively abruptly by feldspathic
greywacke which gradually diminishes at the ex-
pense of thinner quartzose units. This total se-
quence may record progradation of a major chan-
nel, followed by rapid avulsion, due to either lateral
migration or choking of the system. At Petäjikkö-
kallio (Fig. 4), a similar interpretation is possible,
except that coarser detritus includes orthoquartz-
ite.

Further information may be obtained by consi-

Fig. 9. Relict depositional grain fabrics. Scale bar:lmm; a:graded quartz-rich layer containing both angular and rounded silt-sized
grains, suggesting minimal recrystallization and grain growth, Tikkala railway siding (x= 4504.7O, y :6917 .4O); b) typical textural maturity
inversion in poorly sorted metagreywacke from Kumpu, showing well-rounded quartzose detritus of both granitic and orthoquartzitic pro-
venance (x:4498.23, y : 6935.84); c) coarse, rounded to subangular detritus, indicating a granitic provenance, within quartz-rich metatur-
bidite (x = 4494 .65 , y = 6927 .32); d) isolated grain of polycrystalline quartz within a locally coarser variant of the Savo province metapsam-
mites (x:4491.68, y= 6929.69;.

39

a 

c 

or else later displaced by movements within the 
Suhmura thrust zone. 

Because of the possible influence of tectonic de
formation, lateral impersistence of depositional 
units cannot be identified with certainty. However, 
the argument for channelized inner-fan or canyon 
deposition is strengthened by the occurrence of 
coarsening and thickening upward sequences such 
as at Pitkänurmi (Fig. 3). Through an interval of 
at least 50 m, medium-bedded quartz greywackes 
are succeeded by deposits at first resembling those 
of thin, matrix-supported debris flows, (Fig. 5a), 
followed by an increasing proportion of granitic 
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detritus (Fig. 5b), and finally more massive clast
supported diamictite with granitoid boulders ex
ceeding 1 m in maximum dimension (Fig. 5c). This 
is overlain relatively abruptly by feldspathic 
greywacke which gradually diminishes at the ex
pense of thinner quartzose units. This total se
quence may record progradation of a major chan
nel, followed by rapid avulsion, due to either lateral 
migration or choking of the system. At Petäjikkö
kallio (Fig. 4), a similar interpretation is possible, 
except that co ars er detritus includes orthoquartz
ite. 

Further information may be obtained by consi-

Fig. 9. Relict depositional grain fabrics. Scale bar = lmm; a = graded quartz-rich layer containing both angular and rounded silt-sized 
grains, suggesting minimal recrystallization and grain growth, Tikkala railway siding (x = 4504.70, Y = 6917.40); b) typical textural maturity 
inversion in poorly sorted metagreywacke from Kumpu, showing well-rounded quartzose detritus of both granitic and orthoquartzitic pro
venance (x = 4498.23, Y = 6935.84); c) coarse, rounded to subangular detritus, indicating a granitic provenance, within quartz-rich metatur
bidite (x = 4494.65, y = 6927.32); d) isolated grain of polycrystalline quartz within a locally coarser variant of the Savo province metapsam
mites (x = 4491.68, y=6920.00). 
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dering the relationship between the massive graded
and chaotic facies since the two are commonly in
sharp juxtaposition (Fig. 5a). Mutual differences
may derive from depositional mechanisms as well
as variations in source material. In the former case,
as suggested earlier, the chaotic facies would derive
from debris flows, whereas the more homogeneous
graded facies would have separated from finer ma-
terial by turbulence and gravity - settling during
somewhat less dense and non-cohesive sediment

- gravity flows. In envisaging local differences in
source of sediment, the absence of the chaotic
facies from the inferred lowermost part of the se-
quence may be significant, indicating that during
the earlier stages of deposition, there were no suit-
able muddy horizons accessable for reworking and
downslope transport-instead only coarser-grained,
better sorted detritus was available at the basin
margin. A further possibility is that the more ho-
mogeneous facies were deposited by sediment-
gravity flows along the canyon or channel axis and
the chaotic deposits from slumps devolving into
debris flows, derived from the steeper channel
flanks and walls - a higher proportion of finer
detritus would potentially be available from ero-
sion of adjacent levees and interchannel deposits.

In summary, coarse-clastic lithofacies at Suhmu-
ra are assigned to deposition from high-density
sediment-gravity flows in the proximal, channelized
part of a prograding submarine fan system, pre-
sumably at the tectonically active western margin
of the Höytiäinen province.

Coarse-clastic lithofacies between Tikkala and
Kumpu - progradation into a more distal
environment

Within the context of the models proposed by
Mutti and Ricci-Lucchi (1974) and Bouma and Nil-
sen (1978), the fining and thinning upward se-
quence depicted in Fig. 6 could have formed where
a submarine channel terminated at a suprafan
depositional lobe. Vertical fining is ascribed to
lateral migration of the feeder channel and en-
closing fine-grained laminites are considered to
represent either hemipelagic or overbank interchan-
nel deposits.

An interesting feature of the Tikkala greywackes
is the uniformity of maximum grain size (about
8 mm), which suggests either an upper limit im-
posed by prior sedimentary processes in a fluvial,
deltaic or shallow marine environment. or else
physical constraints imposed by basin geometry
upon the gradient and density of the turbidity cur-
rent. Where coarser detritus is present it is mar-
kedly so, suggösting a natural paucity of detritus
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in the size range I to 3 cm. This could be attrib-
uted to inherent mechanical properties of the pa.rent
material - for example weathering of a granitoid
having modal grain size less than I cm - or could
reflect the transition between turbidity current de-
position and cohesive, higher density debris flows.

In the upper part of the sequence shown in Fig.
6, the weak, discontinuous stratification and ano-
malously large clasts, yet absence of slumping are
characteristic of debris flow deposits. Their posi-
tion, directly above sulfidic pelites indicates either
increasing proximity of a major channel due to
lateral migration, or else a tectonically induced
change in environment allowing erosional access
to a variety of lithologies. It is not clear whether
these large clasts represent indurated penecontem-
poraneous deposits or derive from older strata ex-
posed at the basin margin. In this respect, the spo-
radic dolomite clasts are of interest as they may
be the only surviving evidence for penecontemp-
oraneous carbonate deposition at the basin margin.

At Hammaslahti, coarse-clastic quartz grey-
wackes are host to aCu-Zn deposit which, in spite
of complex deformation and substantial remo-
bilization, retains some lithological and stable iso-
topic evidence for a stratabound, syngenetic origin
(Gaäl, 1977; Hyvärinen and others, 1977). Pb-Pb
isotopic modelling by Vaasjoki (1981) suggests a
mixing of ambient Pb with that from an older
source, for which graywackes derived from an Ar-
chaean granitoid terrain would be appropriate. It
is also conceivable that relatively porous greywackes
enveloped by pelites could have acted as conduits
and sites of precipitation for mineralized hydro-
thermal brines derived from deeper within the
basin, or directly from the Tohmajärvi volcanic
complex. In particular, diagenetic devitrification
of glass in pyroclastic deposits buried beneath the
graywackes would be a potential mechanism for
generating mildly acidic metaliferous brines, and
has analogues in the Proterozoic MacArthur basin
of Australia (Goulevitch, 1980) and the present day
Salton Sea (McKibben and Elders, l9S5).

Deposition in more distal environments

Within the framework established above, the
thin- to medium-bedded quartz greywackes and
metapelites of the Höytiäinen province would rep-
resent progressively more distal deposition with re-
spect to the prograding fan depocentre, although
it is also possible that they record instead, a phase
of less active terrigenous supply. The lack of sedi-
mentary structures in the quartzose deposits pre-
clude any more specific conclusions but pelitic and
chemogenic deposition can be examined in more
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- gravity flows. In envisaging local differences in 
source of sediment, the absence of the chaotic 
facies from the inferred lowermost part of the se
quence may be significant, indicating that during 
the earlier stages of deposition, there were no suit
able muddy horizons accessable far reworking and 
downslope transport-instead only coarser-grained, 
better sorted detritus was available at the basin 
margin. A further possibility is that the more ho
mogeneous facies were deposited by sediment
gravity flows along the canyon or channel axis and 
the chaotic deposits from slumps devolving into 
debris flows, derived from the steeper channel 
flanks and walls - a higher proportion of finer 
detritus would potentially be available from ero
sion of adjacent levees and interchannel deposits. 

In summary, coarse-elastic lithofacies at Suhmu
ra are assigned to deposition from high-density 
sediment-gravity flows in the proximal, channelized 
part of a prograding submarine fan system, pre
sumably at the tectonically active western margin 
of the Höytiäinen province. 

Coarse-clastic Iithofacies between Tikkala and 
Kumpu - progradation into a more distal 
environment 

Within the context of the models proposed by 
Mutti and Ricci-Lucchi (1974) and Bouma and Nil
sen (1978), the fining and thinning upward se
quence depicted in Fig. 6 could have formed where 
a submarine channel terminated at a suprafan 
depositional lobe. Vertical fining is ascribed to 
lateral migration of the feeder channel and en
elosing fine-grained laminites are considered to 
represent either hemipelagic or overbank interchan
nel deposits. 

An interesting feature of the Tikkala greywackes 
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upon the gradient and density of the turbidity cur
re nt. Where coarser detritus is present it is mar
kedly so, suggesting a natural paucity of detritus 
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in the size range 1 to 3 cm. This could be attrib
uted to inherent mechanical properties of the parent 
material - for example weathering of a granitoid 
having modal grain size less than 1 cm - or could 
reflect the transition between turbidity current de
position and cohesive, higher density debris flows. 

In the upper part of the sequence shown in Fig. 
6, the weak, discontinuous stratification and ano
malously large elasts, yet absence of slumping are 
characteristic of debris flow deposits. Their posi
tion, directly above sulfidic pelites indicates either 
increasing proximity of a major channel due to 
lateral migration, or else a tectonically induced 
change in environment allowing erosional access 
to a variety of lithologies. It is not elear whether 
these large elasts represent indurated penecontem
poraneous deposits or derive from older strata ex
posed at the basin margin. In this respect, the spo
radic dolomite elasts are of interest as they may 
be the only surviving evidence for penecontemp
araneous carbonate deposition at the basin margin. 

At Hammaslahti, coarse-elastic quartz grey
wackes are host to a Cu-Zn deposit which, in spite 
of complex deformation and substantial remo
bilization, retains some lithological and stable iso
topic evidence far a stratabound, syngenetic origin 
(Gaal, 1977; Hyvärinen and others, 1977). Pb-Pb 
isotopic modelling by Vaasjoki (1981) suggests a 
mixing of ambient Pb with that from an older 
source, for which graywackes derived from an Ar
chaean granitoid terrain would be appropriate. It 
is also conceivable that relatively porous greywackes 
enveloped by pelites could have acted as conduits 
and sites of precipitation for mineralized hydro
thermal brines derived from deeper within the 
basin, or directly from the Tohmajärvi volcanic 
complex. In particular, diagenetic devitrification 
of glass in pyroelastic deposits buried beneath the 
graywackes would be a potential mechanism for 
generating mildly acidic metaliferous brines, and 
has analogues in the Proterozoic MacArthur basin 
of Australia (Goulevitch, 1980) and the present day 
Salton Sea (McKibben and Elders, 1985). 

Deposition in more distal environments 

Within the framework established above, the 
thin- to medium-bedded quartz greywackes and 
metapelites of the Höytiäinen province would rep
resent progressively more distal deposition with re
spect to the prograding fan depocentre, although 
it is also possible that they record instead, a phase 
of less active terrigenous supply. The lack of sedi
mentary structures in the quartzose deposits pre
elude any more specific conelusions but pelitic and 
chemogenic deposition can be examined in more 



detail. Nevertheless, since the three facies types re-
cognized are mutually interbedded, they presum-
ably formed in to the same depositional environ-
ment, regardless of differences in depositional
mechanisms and sources.

Although the Type I micaceous metapelites are
recrystallized, with mica grown or reoriented into
crenulation cleavages, a relict detrital origin is in-
ferred for silt-sized quartz grains, and deposition
from dilute silt- and mud-bearing turbidity currents
is not improbable. According to Piper (1978), it is
difficult to assign fine-grained turbidites to spe-
cific settings within the submarine fan concept, but
much of the sediment in basin plains, beyond the
continental or basin slope is delivered by turbidity
currents. This applies in particular to the thicker
pelitic units, while thinner and laminated silts or
muds are more characteristic of low-energy prox-
imal environments and other mechanisms of depo-
sition. In the Höytiäinen province, most lamina-
tions in massive metapelites are caused by pyr-
rhotite and are not detrital in origin.

The massive, Type 3 pelitic facies could represent
either impure cherty or pyroclastic deposition. In
the former case, variations in detrital clay deposi-
tion and flocculation, and in pH of ambient sea-
water, would permit precipitation of impure chert
horizons, since it is widely maintained that Prote-
rozoic oceans were almost saturated with respect
to silica (Veizer, 1976). Since the content of Mg was
also apparently greater, with a high MglCa ratio,
slightly alkaline waters would lead to flocculation
of the clay sepiolite as well (Eriksson and Tiuswell,
1978), so that chemical deposits need not always
be pure siliceous precipitates. The occurrence of
concretions truncating sedimentary laminations is

also evidence that favours syndepositional chemi-
cal precipitation. Deposition from sporadic pyro-
clastic falls cannot be demonstrated in the absence

of features such as grading or devitrified shards.
'lype 2 carbonate laminae could have formed

from tractional currents in a shallow marihe envi-
ronment or else from dilute turbidity currents that
transported terrigenous or authigenic carbonate
shelf detritus into a deeper basin environment. The
laminae resemble the graded and laminated tur-
bidite silts described by Piper (1978), with thick-
ness less than 5 cm and the presence of low-angle
cross-laminations.

The remaining, thinner, graphitic part of these
couplets may record intervals of pelagic deposition,
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comprised of clays and pelagic algae - the latter
might have been continuous, or periodic, depend-
ing on nutrient supply and climatic seasonality,
such as controls algal 'blooms'. [n this connexion,
it would be useful to obtain stable isotope data
from these sediments, since diverse sources of
carbon are implied.

A chemogenic origin for the Mulo deposits has
been deduced in part from the absence of detrital
components. In addition, microstructural evidence
indicates that Mg-tremolite results from relatively
late metamorphism and, as the only abundant Mg-
aluminosilicate, it presumably derives from dolo-
mite and feldspar. The absence of biotite and
chlorite also implies that the primary mineral as-
semblage was lacking in clay, and that microcline,
or a hydrous feldspar precursor was either an
authigenic precipitate or diagenetic. Braun and
Friedman (1969) reported concomitant precipita-
tion of carbonate under supratidal hypersaline con-
ditions and feldspar from peralkaline brines
charged by wet-season groundwater influxes. Al-
ternatively, authigenic feldspar may form from
diagenetic alteration of illite, or of pyroclastic
tephra to zeolites (Buyce and Friedman, 1975; Gou-
levitch, 1980).

Russell and others (1984) proposed that sedimen-
tary exhalative barite and celsian precipitate when
dense alkaline brines of cratonic derivation are
neutralized by metal-enriched acidic solutions. The
absence of unusual metal enrichment in the Mulo
lithofacies makes it more difficult to invoke such
a second, exotic brine source, and there is no un-
equivocal evidence for associated volcanogenic ac-
tivity. Instead, however, the high sulphide and gra-
phite content point to the possibility of microbial
activity in an anoxic environment - be it shelf or
basin floor.

To summarize, Mulo lithofacies feldspar is re-
garded as authigenic, deriving from severe chemi-
cal weathering of a terrain yielding little, if any,

clastic detritus. Precipitation of feldspar or an in-
termediate phase took place when alkaline brines
were neutralized, either on a shallow marine plat-
form or more probably in a restricted deeper water
basin in which relatively acidic conditions existed.
An external, exotic brine source is not deemed
necessary, although neither diagenetic leaching, nor
volcanogenic exhalation can be discounted as

having initiated or sustained hydrothermal circu-
lation.
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detail. Nevertheless, since the three facies types re
cognized are mutually interbedded, they presum
ably formed in to the same depositional environ
ment, regardless of differences in depositional 
mechanisms and sources. 

Although the Type 1 mieaceous metapelites are 
recrystallized, with mica grown or reoriented into 
crenulation cleavages, a relict detrital origin is in
ferred for silt-sized quartz grains, and deposition 
from dilute silt- and mud-bearing turbidity currents 
is not improbable. According to Piper (1978), it is 
difficult to assign fine-grained turbidites to spe
cific settings within the submarine fan concept, but 
much of the sediment in basin plains, beyond the 
continental or basin slope is delivered by turbidity 
currents. This applies in particular to the thicker 
pelitic units, while thinner and laminated silts or 
muds are more characteristic of low-energy prox
imal environments and other mechanisms of depo
sition. In the Höytiäinen province, most lamina
tions in massive metapelites are caused by pyr
rhotite and are not detrital in origin. 

The massive, Type 3 pelitic facies could represent 
either impure cherty or pyroclastic deposition. In 
the former case, variations in detrital clay deposi
tion and flocculation, and in pH of ambient sea
water, would permit precipitation of impure chert 
horizons, since it is widely maintained that Prote
rozoic oceans were almost saturated with respect 
to silica (Veizer, 1976). Since the content of Mg was 
also apparently greater, with a high Mg/ Ca ratio, 
slightly alkaline waters would lead to flocculation 
of the clay sepiolite as well (Eriksson and Truswell, 
1978), so that chemical deposits need not always 
be pure silieeous precipitates. The occurrence of 
concretions truncating sedimentary laminations is 
also evidence that favours syndepositional chemi
cal precipitation. Deposition from sporadic pyro
clastic falls cannot be demonstrated in the absence 
of features such as grading or devitrified shards. 

Type 2 carbonate laminae could have formed 
from tractional currents in a shallow mari'ne envi
ronment or else from dilute turbidity currents that 
transported terrigenous or authigenic carbonate 
shelf detritus into a deeper basin environment. The 
laminae resemble the graded and laminated tur
bidite silts described by Piper (1978), with thiek
ness less than 5 cm and the presence of low-angle 
cross-Iaminations. 

The remaining, thinner, graphitic part of these 
couplets may record intervals of pelagic deposition, 
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comprised of clays and pelagie algae - the latter 
might have been continuous, or periodic, depend
ing on nutrient supply and climatic seasonality, 
such as controls algal 'blooms'. In this connexion, 
it would be useful to obtain stable isotope data 
from these sediments, since diverse sources of 
carbon are implied. 

A chemogenic origin for the Mulo deposits has 
been deduced in part from the absence of detrital 
components. In addition, microstructural evidence 
indicates that Mg-tremolite results from relatively 
late metamorphism and, as the only abundant Mg
aluminosilicate, it presumably derives from dolo
mite and feldspar. The absence of biotite and 
chlorite also implies that the primary mineral as
semblage was lacking in clay, and that microcline, 
or a hydrous feldspar precursor was either an 
authigenie precipitate or diagenetie. Braun and 
Friedman (1969) reported concomitant precipita
tion of carbonate under supratidal hypersaline con
ditions and feldspar from peralkaline brines 
charged by wet-season groundwater influxes. AI
ternatively, authigenie feldspar may form from 
diagenetic alteration of illite, or of pyroclastic 
tephra to zeolites (Buyce and Friedman, 1975; Gou
levitch, 1980). 

Russell and others (1984) proposed that sedimen
tary exhalative barite and celsian precipitate when 
dense alkaline brines of cratonie derivation are 
neutralized by metal-enriched acidic solutions. The 
absence of unusual metal enrichment in the Mulo 
lithofacies makes it more difficult to invoke such 
a second, exotic brine source, and there is no un
equivocal evidence for associated volcanogenic ac
tivity. Instead, however, the high sulphide and gra
phite content point to the possibility of microbial 
activity in an anoxie environment - be it shelf or 
basin floor. 

To summarize, Mulo lithofacies feldspar is re
garded as authigenic, deriving from severe chemi
cal weathering of a terrain yielding little, if any, 
clastic detritus. Precipitation of feldspar or an in
termediate phase took place when alkaline brines 
were neutralized, either on a shallow marine plat
form or more probably in a restricted deeper water 
basin in which relatively acidic conditions existed. 
An external, exotic brine source is not deemed 
necessary, although neither diagenetic leaching, nor 
volcanogenic exhalation can be discounted as 
having initiated or sustained hydrothermal circu
lation. 
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According to Ward (1987), the present day form
of the province corresponds broadly to that of its
original geometry in spite of complex deformation.
Archaean gneisses now exposed in culminations
at intervals west of the Suhmura thrust zone (eg.

Sotkuma, Oravisalo) presumably indicate a con-
tiguous area of basement at depth, defining the
western margin of the province. This, and the pres-

ence of abundant granitoid detritus at Suhmura,
implies that it was originally a narrow, intracra-
tonic feature with Archaean basement exposed to
the west, but masked by Proterozoic platform de-
posits in the east. Such a provenance is in agree-
ment with both petrography of detritus and Sm-
Nd model ages (Huhma, 1985, 1987), while rare
palaeoslope indicators tentatively define sediment
dispersal from south to north, along the basin axis.
The graded mafic graywackes south of Hammas-
lahti have high ra7$m / r44Nd consistent with their
derivation from the Tohmajärvi volcanic complex,
along strike to the south. Metabasite from this
complex was derived from depleted mantle at 2.1
Ga (Huhma, 1986), thus providing at present the
only age constraint on development of the Höy-
tiäinen province. Within the above framework,
lithofacies relationships can be understood in the
following way (Fig. l0).

The Suhmura coarse-clastic sequence indicates
a significant progradational event in basin evolu-
tion. It is also very likely that the analogous de-

Lithofacies relationships and evolution of the Höytiäinen province

posits between Tikkala and Kumpu represent the
same major influx of relatively local terrigenous
detritus. At Suhmura, nearer the basin margin, de-
position was apparently directly on Archaean base-

ment; at Tikkala, Hammaslahti and Kumpu de-
formation is more complex but sufficient deposi-
tional younging criteria and structural data exist
to demonstrate prograding of resedimented facies
over pelitic deposits. A similar relationship is de-
duced at Suhmura and Mulo amongst medium-
bedded quartzose metapsammites and the carbo-
nate - feldspar - sulphide lithofacies. If these
observations are compared with the sequence es-

tablished by Pekkarinen (1979), it seems plausi-
ble that Höytiäinen province coarse-clastic depo-
sits correlate broadly with the 'basal Kalevian'
Kiihtelysvaara conglomerate - turbidite suite. A
corollary of this would be that the Kiihtelysvaara
volcanite - carbonate - black slate suite de-
scribed by Pekkarinen, and the hiatus between
these and the overlying Kalevian deposits corre-
spond in general with a phase of mafic volcanism,
chemogenic deposition and little terrigenous supply
in the Höytiäinen province (Fig. l0). This may
further imply that the sequence at Kiihtelysvaara
is to some extent condensed. and that whereas
discordances are to be expected during transgres-
sion at basin margins, such events are more likely
to be recorded in distal areas by abrupt facies
changes within continuous sedimentary sequences.

SAVO PROVINCE LITHOFACIES

Lithofacies

Outokumpu assemblage correlatives

At Oravisalo, small occurrences of metabasite,
coarse grained gabbro and pyrrhotite-bearing
feldspathic quartzites are structurally below the
extrapolated trace of the Outokumpu nappe as de-
lineated by Koistinen (1981), but are themselves
demonstrably allochthonous (Fig. 2). An ana-
logous sequence of graphitic schists and amphi-
bolite was described by Saksela (1933) from Kar-
hunsaari, some l0 km to the north, and correla-
tion with the Outokumpu assemblage is appealing,
despite the absenie of serpentinites, dolomites and
relict volcanic features.
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descriptions

Poorly exposed metapelites at Niva (Fig. 2) also
occur at a relatively low level structurally. The do-
minant lithology is a homogeneous dark grey phyl-
lite comprising massive units up to 5 m thick. Two
other lithologies are intercalated, namely thin light
grey laminated or rarely massive units, typically
containing porphyroblasts of actinolite and chlo-
ritoid. Apparent truncations of laterally imper-
sistent laminae suggest a depositional rather than
diagenetic origin. The other distinctive lithology
consists of irregular but sharply defined units I
to 3 dm thick and rich in actinolite; these may rep-
resent altered mafic tuffs or sills.
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Lithofacies relationships and evolution of the Höytiäinen province 

According to Ward (1987), the present day form 
of the province corresponds broadly to that of its 
original geometry in spite of complex deformation. 
Archaean gneisses now exposed in culminations 
at intervals west of the Suhmura thrust zone (eg . 
Sotkuma, Oravisalo) presumably indicate a con
tiguous area of basement at depth, defining the 
western margin of the province. This, and the pres
ence of abundant granitoid detritus at Suhmura, 
implies that it was originally a narrow, intracra
tonic feature with Archaean basement exposed to 
the west, but masked by Proterozoic platform de
posits in the east. Such a provenance is in agree
ment with both petrography of detritus and Sm
Nd model ages (Huhma, 1985, 1987), while rare 
palaeoslope indicators tentatively define sediment 
dispersal from south to north, along the basin axis. 
The graded mafic graywackes south of Hammas
lahti have high 147Sm / 144Nd consistent with their 
derivation from the Tohmajärvi volcanic complex, 
along strike to the south. Metabasite from this 
complex was derived from depleted mantle at 2.1 
Ga (Huhma, 1986), thus providing at present the 
only age constraint on development of the Höy
tiäinen province. Within the above framework, 
lithofacies relationships can be understood in the 
following way (Fig. 10). 

The Suhmura coarse-clastic sequence indicates 
a significant progradational event in basin evolu
tion. It is also very likely that the analogous de-

posits between Tikkala and Kumpu represent the 
same major influx of relatively local terrigenous 
detritus . At Suhmura, nearer the basin margin, de
position was apparently directly on Archaean base
ment; at Tikkala, Hammaslahti and Kumpu de
formation is more complex but sufficient deposi
tional younging criteria and structural data exist 
to demonstrate prograding of resedimented facies 
over pelitic deposits. A similar relationship is de
duced at Suhmura and Mulo amongst medium
bedded quartzose metapsammites and the carbo
nate - feldspar - sulphide lithofacies. If these 
observations are compared with the sequence es
tablished by Pekkarinen (1979), it seems plausi
ble that Höytiäinen province coarse-clastic depo
sits correlate broadly with the 'basal Kalevian' 
Kiihtelysvaara conglomerate - turbidite suite. A 
corollary of this would be that the Kiihtelysvaara 
volcanite - carbonate - black slate suite de
scribed by Pekkarinen, and the hiatus between 
these and the overlying Kalevian deposits corre
spond in general with a phase of mafic volcanism, 
chemogenic deposition and \ittle terrigenous supply 
in the Höytiäinen province (Fig. 10). This may 
further imply that the sequence at Kiihtelysvaara 
is to some extent condensed, and that whereas 
discordances are to be expected during transgres
sion at basin margins, such events are more likely 
to be recorded in distal areas by abrupt facies 
changes within continuous sedimentary sequences. 

SAVO PROVINCE LITHOFACIES 

Lithofacies descriptions 

Outokumpu assemblage correlatives 

At Oravisalo, small occurrences of metabasite, 
coarse grained gabbro and pyrrhotite-bearing 
feldspathic quartzites are structurally below the 
extrapol~ted trace of the Outokumpu nappe as de
lineated by Koistinen (1981), but are themselves 
demonstrably allochthonous (Fig. 2). An ana
logous sequence of graphitic schists and amphi
bolite was described by Saksela (1933) from Kar
hunsaari, some 10 km to the north, and correla
tion with the Outokumpu assemblage is appealing, 
despite the absence of serpentinites, dolomites and 
relict volcanic features. 
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Poorly exposed metapelites at Niva (Fig. 2) also 
occur at a relatively low level structurally. The do
minant lithology is a homogeneous dark grey phyl
lite comprising massive units up to 5 m thick. Two 
other lithologies are intercalated, namely thin light 
grey laminated or rarely massive units, typically 
containing porphyroblasts of actinolite and chlo
ritoid. Apparent truncations of laterally imper
sistent laminae suggest a depositional rather than 
diagenetic origin. The other distinctive lithology 
consists of irregular but sharply defined units 1 
to 3 dm thick and rich in actinolite; these may rep
resent altered mafic tuffs or sills. 
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at Suhmura

Suprafan deposits and
thin-bedded lithofacies Tohmajärvi

mafic igneous
complex

Monotonous massive metapsammites

These are perhaps the most widespread and uni-
form lithological types in North Karelia, being
described from Outokumpu as homogeneous mas-
sive and bedded mica schists (Gaäl and others,
1975) and southwards near Savonlinna as veined
gneisses, due to increasing metamorphic grade
(Gaäl and Rauhamäki , l97l). The lithofacies is re-
markably monotonous in that metamorphism has

resulted in the more massive units resembling fine-
grained granodiorite (Fig. lla). In composition
too, quartz, plagioclase and biotite are predomi-
nant.

In some instances, bed thickness evidently ex-

ceeds outcrop size, but tabular units from 5 cm
to 5 m are typical. Pelitic intercalations, graded
bedding and depositional structures are rare, but
basal load features sporadically occur (Fig. lla,
b). In exceptional cases, scour and cross-lamina-

iCarbonate
shelf deposits

luvial and
eolian
epositlon

i')'

Thin-bedded turbidites and
calcareous, catbonaceous
and sulfide deposits

tion have been observed, including climbing ripples
and dune forms in several consecutive horizons,
passing upwards into more planar stratification
(Fig. 1lb and c).

Coarse-clastic lithofacies

Four distinct types have been recognized, the
first two of which are very local and associated
with thrusted Archaean basement at Oravisalo.
The first comprises a thin matrix-supported basal
facies containing clasts obviously derived from the
underlying migmatitic granitoids whereas the other
type resembles a pebbly arkose with much less mat-
rix. At Sammallahti (Fig. 2), massive metapsam-
mites are associated with deposits displaying a

highly variable abundance of felsic detritus up to
8 mm in size. These granules nowhere form an en-

tire framework and typically their abundance de-

creases imperceptibly and irregularly so that boun-

:q-

Erosional remnant of orthoquartzite
Hammaslahti Cu-Zn dePosit

Fig. 10. Proposed reconstruction of lithofacies relationships and environments in the Höytiäinen province.
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Fig . 10. Proposed reconstruction of lithofacies relationships and environments in the Höytiäinen province. 

Monotonous massive metapsammites 

These are perhaps the most widespread and uni
form lithological types in North Karelia, being 
described from Outokumpu as homogeneous mas
sive and bedded mica schists (Gaal and others, 
1975) and southwards near Savonlinna as veined 
gneisses, due to increasing metamorphic grade 
(Gaal and Rauhamäki, 1971). The lithofacies is re
markably monotonous in that metamorphism has 
resulted in the more massive unüs resembling fine
grained granodiorite (Fig. l1a). In composition 
too, quartz, plagioelase and biotite are predomi
nant. 

In some instances, bed thickness evidently ex
ceeds outcrop size, but tabular units from 5 cm 
to 5 mare typical. Pelitic intercalations, graded 
bedding and depositional structures are rare, but 
basal load features sporadically occur (Fig. 11 a, 
b). In exceptional cases, scour and cross-Iamina-

tion have been observed, ineluding climbing ripples 
and dune forms in several consecutive horizons, 
passing upwards into more planar stratification 
(Fig. 11 band c). 

Coarse-c1astic Iithofacies 

Four distinct types have been recognized, the 
first two of which are very local and associated 
with thrusted Archaean basement at Oravisalo. 
The first comprises a thin matrix-supported basal 
facies containing elasts obviously derived from the 
underlying migmatitic granitoids whereas the other 
type resembles a pebbly arkose with much less mat
rix. At Sammallahti (Fig. 2), massive metapsam
mites are associated with deposits displaying a 
highly variable abundance of felsic detritus up to 
8 mm in size. These granules nowhere form an en
tire framework and typically their abundance de
creases imperceptibly and irregularly so that boun-
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daries between these diffuse aggregates and the
more 'normal' metapsammites are often poorly de-
fined (Fie. 9d).

More substantial exposures of coarse clastic de-
posits outcrop in a narrow zone along the eastern
margin of the province near Pyhäselkä (Fig. 2),
and structural'studies indicate that these deposits
are in the inverted limb of a maior fold which. with
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the Suhmura thrust zone, defines the present east-
ern margin of the province (Ward, 1987). Massive
to weakly stratified and occasionally channelized
metapsammite units between 5 and 80 cm thick
resemble those elsewhere in the province, but tend
to have a higher proportion of interbedded meta-
pelite (compare Fig. l1 a-c and d-f). They also
sometimes comprise coarsening and thickening

Fig. ll' Sedimentarystructuresinthesavoprovince;a-c)rareexamplesofflamestructures,basalloadcastsanddepositionalbedforms,
including climbing ripples indicating palaeocurrent flow from right to läft (x-- 4494.06, y:6gi0.16); d) low-angte scour and planar stratifi-
cation intercalated within chaolic metapsephite deposits along inverted eastern margin of Savo province 1x:1+St.ZO,y:eXZ.lt1; e-f1
clasts of typical Savo province metapsammite occurring within chaotic debris flow däposits at ea;tern margin of the prouince (x:44g1.21',
y :6932.41 and x : 4491.30 , y :6931.18 respectively).

a 

c 

e 
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Fig. 11. Sedimentary structures in the Savo province; a-c) rare examples of flame structures, basal load casts and depositional bed forms, 
ineluding elimbing ripples indicating palaeocurrent flow from right to left (x = 4494.06, Y = 6920.16); d) low-angle scour and planar stratifi
cation intercalated within chaotic metapsephite deposits along inverted eastern margin of Savo province (x = 4491.20, Y = 6932.41); e-f} 
elasts of typical Savo province metapsammite occurring within chaotic debris flow deposits at eastern margin of the province (x = 4491.21, 
y=6932.41 and x = 4491.30, y = 6931.78 respectively) . 

daries between these diffuse aggregates and the 
more 'normal' metapsammites are often poorly de
fined (Fig. 9d). 

More substantial exposures of coarse clastic de
posits outcrop in a narrow zone along the eastern 
margin of the province near Pyhäselkä (Fig. 2), 
and structural studies indicate that these deposits 
are in the inverted limb of a major fold which, with 
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the Suhmura thrust zone, defines the present east
ern margin of the province (Ward, 1987). Massive 
to weakly stratified and occasionally channelized 
metapsammite units between 5 and 80 cm thick 
resemble those elsewhere in the province, but tend 
to have a higher proportion of interbedded meta
pelite (compare Fig. 11 a-c and d-f). They also 
sometimes comprise coarsening and thickening 
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upward sequences culminating in diamictites that
contain exclusively intrabasinal detritus in a rather
pelitic matrix (Fig. 12). The size of some diamic-
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tite units may exceed outcrop dimensions, with
clasts ranging in size from flakes of pelite to rafts
of graywacke over 5 m in length (Fig. lle).

Depositional environments in the Savo province

The proposed correlatives of the Outokumpu
assemblage have not retained any diagnostic in-
dications of depositional environment (although
north of Outokumpu, Park (1984) found evidence
for shallow marine volcanism). Neither are the
dominant, massive and monotonous metapsam-
mites particularly informative. However, their
great volume, the presence of some massive units
with basal load casts and the abundance of plagio-
clase suggests abundant supply and rapid disper-
sal of compositionally immature sediment. While
there is no direct evidence for deposition from
sediment-gravity flows, the features described
would be consistent with an early stage of deposi-
tion in a deltaic or shelf environment, explaining
the lack of coarse detritus, subsequently reworked
and redeposited by turbidity currents. The tabular
beds containing climbing ripples referred to earlier
are not diagnostic of a specific environment -they could form in fluvio-deltaic conditions, but
also in coarse-clastic sequences associated with
more typical turbidites (Walker, 1979).

Further indications that the monotonous meta-
psammites were formed by sediment-gravity pro-
cesses come from their association with the chao-
tic and coarse-clastic deposits described above.
Since the conventional Bouma sequence is not
strictly applicable to these lithologies, it is deduced
that they derived from higher density currents and
debris flows. Middleton and Hampton (1976) spe-
culated concerning progressive devolution of
sediment-gravity flows from slumps (which pos-
sess internal cohesion and finite yield strength),
through debris flows to high- and then lower-
density turbidity currents, with fluidized flows (dis-
persions that are maintained by upward flow of
escaping pore fluid) and grain flows during the
waning stages of deposition. If the interstitial mat-
rix of such a flow attains a degree of cohesion,
it may evolve into a debris flow, or the converse
may occur due to loss of cohesion by fluidization.
It is plausible that such processes are recorded by
the pockets of coarser detritus and scattered gran-
ules in the Sammallahti deposits, indicating mas-
sive transport and progressive disaggregation of
loosely consolidated intraformational deposits.
This implied reworking, and the depositional
mechanisms proposed are consistent with a prox-

imal, relatively high-gradient environment, per-
haps within a broad submarine channel.

At the eastern margin of the province, the coarse
and stratified intraformational diamictites lacking
in slump structures strongly suggest deposition
from debris flows. According to Middleton and
Hampton (1976), these may develop on slopes as

Fig. 12. Srnall scale (3m) coarsening and thickening upward
sequence within chaotic metapsephites at eastern margin of Savo pro-
vince (x : 4491.24, y : 6932.211.
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through debris flows to high- and then lower
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waning stages of deposition. If the interstitial mat
rix of such a flow attains a degree of cohesion, 
it may evolve into a debris flow, or the converse 
may occur due to loss of cohesion by fluidization. 
It is plausible that such processes are recorded by 
the pockets of coarser detritus and scattered gran
ules in the Sammallahti deposits, indicating mas
sive transport and progressive disaggregation of 
loosely consolidated intraformational deposits. 
This implied reworking, and the depositional 
mechanisms proposed are consistent with a prox-

imal, relatively high-gradient environment, per
haps within a broad submarine channel. 

At the eastern margin of the province, the coarse 
and stratified intraformational diamictites lacking 
in slump structures strongly suggest deposition 
from debris flows. According to Middleton and 
Hampton (1976), these may develop on slopes as 
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low as lo and, because of both matrix cohesion,
and higher density than that of ambient fluids, they
are able to passively transport very coarse material.
Such a mechanism seems therefore the most appro-
priate in the present instance. Overall, the facies
resembles facies A, B, and C, in the classification
of Mutti and Ricci-Lucchi (1974), which are as-
signed to canyon or channel fill in the proximal
part of a submarine fan complex. This applies es-
pecially to the debris flows (Mutti and Ricci-
Lucchi, Facies Ar).

As presently exposed, this lithofacies is several
hundred metres thick and can be traced along
strike for nearly l0 km. This is of comparable ex-
tent with ancient feeder channels reported by Wal-
ker (1978), and indicates its potential importance

in Savo province interpretation. Moreover, the
debris flow deposits of this lithofacies almost cer-
tainly developed over finer-grained sequences and
do not represent the earliest deposits associated
with basin subsidence. This inference is supported
in particular by the lack of extrabasinal detritus,
all clasts being virtually indistinguishable from en-
closing metapsammites. It is therefore concluded
that the deposits formed during a period of active
progradation due to an increase in detrital supply
or relative lowering of sea-level. A consequence
of this is that a more proximal, channelized envi-
ronment is superimposed upon or incised into
more 'distal' deposits as a major coarsening and
thickening upwards sequence (Walker, 1978).

Lithofacies relationships and basin evolution in the Savo province

At Oravisalo, and further north at Sotkuma,
(Gaäl and others, 1975), it is evident that Savo pro-
vince sediments were deposited directly on Ar-
chaean basement, with local coarser basal facies
and in places, palaeoregoliths. However, the allo-
chthonous 1.97 Ga Outokumpu assemblage has
also been affirmed as their depositional substrate
by numerous workers (Väyrynen, 1939; Gaäl and
others, 1975; Koistinen, 1981; Park, 1984). The
combined results of structural and lithofacies anal-
ysis in the present study area in no way conflict
with this assertion. At Oravisalo and Niva, litho-
logies sharing affinities with the Outokumpu as-
semblage are accordingly low in the structural se-
quence, and in addition, numerous determinations
of younging directions with respect to early folia-
tions indicate that the bulk of the allochthonous
sequence is upward facing.

The coarse-clastic deposits along the eastern
margin of the province are exceptional in this re-
spect, so that while their environmental interpre-
tation seems clear. their overall context is uncer-
tain. Likewise, the original location of the alloch-
thonous units remains speculative, although the
predominant tectonic translation direction appears
to have been towards the NE and NNE (Ward,
1987).

In addition to the allochthonous nature of the
Savo province, and compositional and lithofacial
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The nature of the Outokumpu assemblage itself
is at present less contentious than the depositional
setting and source of the overlying metasediments.
For instance, Mäkelä (1980), using stable isotope
data, and Park (1984), on the basis of geochemis-
try, have both assigned a back-arc basin or mar-
ginal sea origin to the volcanics but the metasedi-
ments have been variously described as Svecofen-
nian post-arc flysch (Park, 1985), molasse from
the Lapland granulite belt (Barbey and others;
1984) or passive margin deposits of unspecified
provenance (Laajoki, 1986). Detrital zircon
samples from Outokumpu and Sammallahti have
yielded U-Pb ages of 2.25 Ga (H. Huhma, pers.
comm.), which do not appear to be a simple re-
sult of mixed Archaean and Proterozoic grain pop-
ulations, nor Proterozoic Pb loss or overgrowths
on older cores; so that a still more exotic prove-
nance cannot yet be excluded. Furthermore, the
distinct plagioclase abundance seems to be com-
patible with all the potential source terrains men-
tioned above. There is therefore an obvious need
for more detailed geochemical investigations to re-
solve these problems of provenance, in addition
to more isotopic age constraints.

contrasts with the Höytiäinen province, there is
evidently a potential interval of at least 100 Ma

RELATIONSHIPS BETWEEN THE HOYTIAINEN AND SAVO PROVINCES -CONCLUDING REMARKS
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are able to passively transport very coarse material. 
Such a mechanism seems therefore the most appro
priate in the present instance. Overall, the facies 
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of Mutti and Ricci-Lucchi (1974), which are as
signed to canyon or channel fill in the proximal 
part of a submarine fan complex. This applies es
pecially to the debris flows (Mutti and Ricci
Lucchi, Facies A2). 

As presently exposed, this lithofacies is several 
hundred metres thick and can be traced along 
strike for nearly 10 km. This is of comparable ex
tent with ancient feeder channels reported by Wal
ker (1978), and indicates its potential importance 

in Savo province interpretation. Moreover, the 
debris flow deposits of this lithofacies almost cer
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do not represent the earliest deposits associated 
with basin subsidence. This inference is supported 
in particular by the lack of extrabasinal detritus, 
all elasts being virtually indistinguishable from en
elosing metapsammites. It is therefore coneluded 
that the deposits formed during aperiod of active 
progradation due to an increase in detrital supply 
or relative lowering of sea-level. A consequence 
of this is that a more proximal, channelized envi
ronment is superimposed upon or incised into 
more 'distal' deposits as a major coarsening and 
thickening upwards sequence (Walker, 1978). 

Lithofacies relationships and basin evolution in the Savo province 

At Oravisalo, and further north at Sotkuma, 
(Gaal and others , 1975), it is evident that Savo pro
vince sediments were deposited directly on Ar
chaean basement, with local coarser basal facies 
and in places, palaeoregoliths. However, the allo
chthonous 1.97 Ga Outokumpu assemblage has 
also been affirmed as their depositional substrate 
by numerous workers (Väyrynen, 1939; Gaal and 
others, 1975; Koistinen, 1981; Park, 1984). The 
combined results of structural and lithofacies anal
ysis in the present study area in no way conflict 
with this assertion . At Oravisalo and Niva, litho
logies sharing affinities with the Outokumpu as
semblage are accordingly low in the structural se
quence, and in addition, numerous determinations 
of younging directions with respect to early folia
tions indicate that the bulk of the allochthonous 
sequence is upward facing . 

The coarse-elastic deposits along the eastern 
margin of the province are exceptional in this re
spect, so that while their environmental interpre
tation seems elear, their overall context is uncer
tain. Likewise, the originallocation of the alloch
thonous units remains speculative, although the 
predominant tectonic translation direction appears 
to have been towards the NE and NNE (Ward, 
1987). 

The nature of the Outokumpu assemblage itself 
is at present less contentious than the depositional 
setting and source of the overlying metasediments. 
For instance, Mäkelä (1980), using stable isotope 
data, and Park (1984), on the basis of geochemis
try, have both assigned a back-arc basin or mar
ginal sea origin to the volcanics but the metasedi
ments have been variously described as Svecofen
nian post-arc flysch (Park, 1985), molasse from 
the Lapland granulite belt (Barbey and others; 
1984) or passive margin deposits of unspecified 
provenance (Laajoki, 1986). Detrital zircon 
sampies from Outokumpu and Sammallahti have 
yielded U-Pb ages of 2.25 Ga (H. Huhma, pers. 
comm.), which do not appear to be a simple re
sult of mixed Archaean and Proterozoic grain pop
ulations, nor Proterozoic Pb loss or overgrowths 
on older cores; so that a still more exotic prove
nance cannot yet be exeluded. Furthermore, the 
distinct plagioelase abundance seems to be com
patible with all the potential source terrains men
tioned above. There is therefore an obvious need 
for more detailed geochemical investigations to re
solve these problems of provenance, in addition 
to more isotopic age constraints. 
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between the quiescent, non-clastic depositional
phases in the two provinces. However, there is no
compelling evidence for tectonic deformation in
the Höytiäinen province prior to the initiation of
Savo province deposition. There may thus be evi-
dence for a prolonged phase of extension within
the Karelian craton, with initial rifting marked by
the Höytiäinen province and analogous deposits
in Kainuu, prior to 2.0 Ga, followed by renewal
of rifting further west at 1.96-l .97 Ga, recorded
by the Outokumpu assemblage and the Jormua

NöYTIAINEN PROVINCE

Tohma!ärvi
igneous
comDlex

quartzite, arkosite
and palaeoregoliths

SAVO PROVINCE quartzose clastics ulo chemogenic deDosits

Fig. 13. Schematic summary of lithofacies and their relationships in the study area. The sequence at the eastern, autochthonous margin
of the HöWiäinen province is adapted from Pekkarinen (1979).

ophiolite (Kontinen, 1987). Hence, in conclusion,
the traditional Kalevian of Finnish Karelia seems
to record two distinct phases of cratonic margin
deposition - the earlier Höytiäinen, en echelon,
transtensional, intracratonic rift phase and the
younger Savo phase, the latter apparently involv-
ing sedimentation on both Archaean basement and
a primitive Proterozoic substrate having marginal
sea affinities. Thus, it is also probable that no
meaningful stratigraphical correlation need exist
between the two provinces (Figure l3).
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phases in the two provinces. However, there is no 
compelling evidence for tectonic deformation in 
the Höytiäinen province prior to the initiation of 
Savo province deposition. There may thus be evi
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the Karelian craton, with initial rifting marked by 
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ophiolite (Kontinen, 1987). Hence, in conclusion, 
the traditional Kalevian of Finnish Karelia seems 
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ing sedimentation on both Archaean basement and 
a primitive Proterozoic substrate having marginal 
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The Salahmi Schist Belt consists of the Lähdemäki, Haajainen and Ro-
timojoki formations, of which the Lähdemäki and Rotimojoki formations
form the major target of this study. The palaeosedimentology of the Haa-
jainen formation is being studied.

The fluvial Lähdemäki Formation, about 40-80 m thick and deposited
nonconformably on the Archaean basement of the Iisalmi dome. consists
of the Lower Member (10 m) of braided river feldspathic quartzites with
conglomerate interbeds and is separated from the basement by a thin
chemical regolith (l m). The upper member (30-70 m) consists of arkosites
and metasiltstones with minor conglomerates, again of braided river origin.

The Haajainen Formation, at least 400 m thick in the south, is a turbi-
ditic conglomerate-sandstone unit between the Archaean basement and the
Rotimojoki Formation. Its contact zone with the basement is strongly tec-
tonized and so the nature of the lower contact is not known. The contact
with the overlying Rotimojoki Formation is not exposed, but it seems to
be gradual. In the study area, the formation consists of alternating mem-
bers of conglomeratic and sandy turbidites.

The basinal Rotimojoki Formation (about 1000 m) comprises three mem-
bers: the lower member, mainly of massive arkosites, originally A(B)E tur-
bidites of smooth mid,/lower fan; the middle member, mainly of massive
arkosites, originally A(AB)E turbidites of channelled mid fan; and the Il-
konahonkallio member, mainly of arenite-phenoclasted turbiditic con-
glomerates and massive-graded arkosites of upper,/mid fan channels and
laminated-thinly bedded and graded mica schists interpreted as levee and
interchannel turbidites of upper/mid fan.

The Lähdemäki Formation represents the Karelian platformal cover of
the Archaean basement obviously correlative with the lowermost parts of
the Kainuu Schist Belt and the Savo schists near Kuopio. Lithologically
the Haajainen Formation resembles the Lower Kaleva rocks of the Kai-
nuu Schist Belt and the lowermost Kaleva units of North Karelia, while
the Rotimojoki Formation represents the Middle Kaleva basinal sediments.

The Haajainen and Rotimojoki formations are separated from the Läh-
demäki formation by a tectonic contact and thus their correlation and tec-
tonosedimentary significance is problematic. As a result of their flyschoidic
nature they seem to be correlative with the Kaleva tectofacies deposited
unconformably on the Lähdemäki formation and could represent a fore-
deep deposition either of the Kolalappidic or the Svecokarelidic orogeny.
The first alternative is supported by the Ilkanahonkallio member, whose
quartzite phenoclasts more likely derived from the Karelian area in the
east or northeast than from the Svecofennian area in the west.
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TNTRODUCTION

About 40 km northwest of the town of Iisalmi.
in the parishes of Vieremä and Kiuruvesi, in cen-
tral Finland, schists and gneisses occur within a

triangular area (Fig. l, see also Wilkman 1929)
called by Savolahti (1965) the Vieremä-Kiuruvesi
schist belt. As pointed out by Savolahti (op.cit.),
it is a great problem how to relate the eastern
schists of the Salahmi area to the gneisses of the
western margin at Näläntö although he did not
express an opinion as to their relative ages. Mäki-
nen (1916) considered the former to be younger
and to have deposited on the latter, whereas Wilk-
man (1929 , 193 I ) correlated them with each other.
Väyrynen (1954, p. 153) tended to correlate the
Vieremä belt or, as he preferred to call it, the Sa-
lahmi schists, with the schists of Savo and Kare-
lia. Marttila (1976), who studied the southern tip
of the Salahmi schists at Haajainen, states that the
schists were deposited unconformably on the
gneisses in the west and represent products of an
orogeny younger than the one which produced the
gneisses.

Because of these differing interpretations, and
the significance of the area to the general sedimen-
tological, metamorphic and structural evolution
of the Karelian formations in central Finland the
area was selected as an object of detailed study
to complement other studies carried out by the De-
partment of Geology of the University of Oulu at
the northern end of the Kainuu Schist Belt (see e.g.
Laajoki 1986a and b, 1988a and b, Strand 1988).

In the present paper we concentrate on the litho-
stratigraphy and palaeosedimentology of the east-
ern part of the Vieremä-Kiuruvesi schist area
(Korkiakoski 1986). Because this schist area seems

to consist of many lithological subunits (Laajoki
and Luukas, in press) we prefer to call our study
area the Salahmi Schist Belt, to be defined below.

In the following, the formations of the Salah-
mi Belt are described and their palaeosedimento-
logy is interpreted with the aid of modern facies
analysis (Table 1).

THE SALAHMI SCHIST BELT

Figure I gives the location of the early Prote-
rozoic Salahmi Schist Belt on the general geologi-
cal map of Finland. The belt is a solitary Kareli-
an schist occurrence fringing the Iisalmi basement
area. With references to the more detailed map in
Fig.2 and the section in Fig. 3, the Salahmi Schist
Belt is defined as follow:

Lithological contents: The Salahmi Schist Belt
consists of the Karelian schists occupying the area
between the Archaean basement in the east and
the tectonized zone running about N-S from Pat-
vinperä via Kukkomaki to Isomäki. The belt con-
tains the Lähdemäki, Haajainen and Rotimojoki
formations. which will be defined and described
in later sections. Of these the Lähdemäki Forma-
tion probably belongs to some of the Karelia tec-
tofacies (cf. Laajoki 1988a, in press), and the Haa-
jainen and Rotimojoki formations to the Kaleva
tectofacies (for definition of these tectofacies see

Laajoki 1988a and b, in press).

The relation of,the amphibolites south and east
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of Patvinperä to the Rotimojoki Formation has
not been established but the amphibolites probably
intruded the latter.

Name: The belt takes its name from Salahmi,
a village in the central eastern part of the belt.

Correlation: The schist belt continues down to
Haajainen (see Wilkman l93l and Marttila 1976),
and the schist and conglomerates at Itämäki (Fig.
l; Wilkman 1929, 1931), about 20 km north of
the Rotimo Fault, are readily correlated with the
Rotimojoki Formation. The gneisses and schists
west of the Patvinperä-Isomäki line to Lake Nä-
läntöjärvi represent more metamorphosed deri-
vatives of the Salahmi Belt.

Structure: The Salahmi Schist Belt is a refolded
and faulted F, synclinorium and hence its stratig-
raphy can only be roughly elucidated; the least
deformed part is the Lähdemäki-Rotimojoki
area, which is the main target of the present study.
The belt is cut by the Rotimo Fault with a sinistral
offset about 10 km long (Fig. 2).

Geological Survey of Finland, Special Paper 5 
E.A. Korkiakoski and K. Laajoki 

INTRODUCTION 

About 40 km northwest of the town of Iisalmi, 
in the parishes of Vieremä and Kiuruvesi, in cen
tral Finland, schists and gneisses occur within a 
tri angular area (Fig. 1, see also Wilkman 1929) 
called by Savolahti (1965) the Vieremä-Kiuruvesi 
schist belt. As pointed out by Savolahti (op.eit.), 
it is a great problem how to relate the eastern 
schists of the Salahmi area to the gneisses of the 
western margin at Näläntö although he did not 
express an opinion as to their relative ages. Mäki
nen (1916) considered the former to be younger 
and to have deposited on the latter, whereas Wilk
man (1929, 1931) correlated them with each other. 
Väyrynen (1954, p. 153) tended to correlate the 
Vieremä belt or, as he preferred to caU it, the Sa
lahmi schists, with the schists of Savo and Kare
lia. Marttila (1976), who studied the southern tip 
of the Salahmi schists at Haajainen, states that the 
schists were deposited unconformably on the 
gneisses in the west and represent products of an 
orogeny younger than the one which produced the 
gneisses. 

Because of these differing interpretations, and 
the significance of the area to the general sedimen
tological, metamorphic and structural evolution 
of the Karelian formations in central Finland the 
area was selected as an object of detailed study 
to complement other studies carried out by the De
partment of Geology of the University of Oulu at 
the northern end of the Kainuu Schist Belt (see e.g. 
Laajoki 1986a and b, 1988a and b, Strand 1988). 

In the present paper we concentrate on the litho
stratigraphy and palaeosedimentology of the east
ern part of the Vieremä-Kiuruvesi schist area 
(Korkiakoski 1986). Because this schist area seems 
to consist of many lithological subunits (Laajoki 
and Luukas, in press) we prefer to caU our study 
area the Salahmi Schist Belt, to be defined below. 

In the foUowing, the formations of the Salah
mi Belt are described and their palaeosedimento
logy is interpreted with the aid of modern faeies 
analysis (Table 1). 

THE SALAHMI SCHIST BELT 

Figure 1 gives the location of the eariy Prote
rozoic Salahmi Schist Belt on the general geologi
cal map of Finland. The belt is a solitary Kareli
an schist occurrence fringing the Iisalmi basement 
area. With references to the more detailed map in 
Fig. 2 and the section in Fig. 3, the Salahmi Schist 
Belt is defined as foUow: 

Lithological contents: The Salahmi Schist Belt 
consists of the Karelian schists occupying the area 
between the Archaean basement in the east and 
the tectonized zone running about N-S from Pat
vinperä via Kukkomäki to lsomäki. The belt con
tains the Lähdemäki, Haajainen and Rotimojoki 
formations, which will be defined and described 
in later sections. Of these the Lähdemäki Forma
tion probably belongs to some of the Karelia tec
tofaeies (cf. Laajoki 1988a, in press), and the Haa
jainen and Rotimojoki formations to the Kaleva 
tectofacies (for definition of these tectofaeies see 
Laajoki 1988a and b, in press). 

The relation of, the amphibolites south and east 

50 

of Patvinperä to the Rotimojoki Formation has 
not been established but the amphibolites probably 
intruded the latter. 

Name: The belt takes its name from Salahmi, 
a village in the central eastern part of the belt. 

Correlation: The schist belt continues down to ' 
Haajainen (see Wilkman 1931 and Marttila 1976), 
and the schist and conglomerates at Itämäki (Fig. 
1; Wilkman 1929, 1931), about 20 km north of 
the Rotimo Fault, are readily correlated with the 
Rotimojoki Formation. The gneisses and schists 
west of the Patvinperä-lsomäki li ne to Lake Nä
läntöjärvi represent more metamorphosed deri
vatives of the Salahmi Belt. 

Structure: The Salahmi Schist Belt is a refolded 
and faulted F2 synclinorium and hence its stratig
raphy can only be roughly elucidated; the least 
deformed part is the Lähdemäki-Rotimojoki 
area, which is the main target of the present study. 
The belt is cut by the Rotimo Fault with a sinistral 
offset about 10 km long (Fig. 2). 



Geological Survey of Finland, Special paper 5
The Palaeosedimentology of the early proterozoic Salahmi schist Belt, central Finland

Symbols:

F-

--l

F + 
-lt---l:

ffi
Fi-Ill
l:,ir:,i ;..1 .:l

F.;..]
l4

lv-tllvl
:

[-tl2-l

l-r- |

10

I

6

4

3

2

tn
Scale

100 150 200
-km

Fig. l. Geological map of Finland (modified from Simonep 1980) shorving the location of the Salahmi area, the Itämäki schist
and the Taivalkoski conglomerate. Symbols: l. Archaean basement. 2. Gneisses, partly Archaean, partly Proterozoic. 3. Lower
Lapponi and Central Puolanka Croup. 4. Sumi-sariola and Upper Lapponi metavolcanics and associated metasediments. 5.

Kainuu and Jatuli tectofacies. 6. Kaleva tectofacies. 7. Outokumpu Allochthon. 9. Svecofennian supracrustal rocks. 9. Sveco-

karelidic plutonic rocks. 10. Jotnian sedimentary rocks. The Salahmi-Naapurivaara line (A-B) gives the location of the cross-

section in Fie.2l.

5l

Geological Survey of Finland, Special Paper 5 
The Palaeosedimentology of the early Proterozoic Salahmi Schist Belt, central Finland 

Symbols: 

9 10 

D 9 
~~~1 8 

~7 

I ~!~\\';XiI 6 
[J-- -. - . - 5 . --

N 

11 

11 

Scale 

O~. ______ ~5~O======~10~O~ _____ 15~O======~2~~m 

Fig. I. Geological map of Finland (modified from Simonep 1980) showing the location of the Salahmi area, the Itämäki schist 
and the Taivalkoski conglomerate. Symbols: I. Archaean basement. 2. Gneisses, panly Archaean, panly Proterozoic. 3. Lower 
Lapponi and Central Puolanka Group. 4. Sumi-Sariola and Upper Lapponi metavolcanics and associated metasediments. 5. 
Kainuu and Jatuli tectofacies. 6. Kaleva tectofacies. 7. Outokumpu Allochthon. 9. Svecofennian supracrustal rocks. 9. Sveco
karelidic plutonic rocks. 10. Jotnian sed imentary rocks. The Salahmi-Naapurivaara line (A-B) gives the location of the cross
seclion in Fig. 21. 

51 



Geological Survey of Finland, Special Paper 5

E.A. Korkiakoski and K. Laaioki

Table l. Lithological characteristics and sedimentological interpretations of the northern part of the Salahmi Schist Belt (Lähdemäki-

llkonahonkallio section).

The facies numbers and capitals in RjF refer to this study, and to the facies classification of Mufti and Ricci Lucchi (1978) and pickering
et al. (1986), respecrively, and the facies codes of the LmF to Miall (1977, 1978, 1985b).
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FORMATION

Member

LITHOLOGY FACIES
ASSOCIATION
AND
COMPOSITION

SEDIMENTARY
FEATURES

PARTICULAR
REMARKS

INTERPRETA-
IION

ROTIMOJOKI
(ca. 1000 m)

llkonahon-
kallio

Middle

Lower

* * + * * * * * * * * * * * ** *

LAHDEMAKI

Upper
(30-70 m)

Lower
(10 m)

Regolith
(<l m)

t********+****+*+*

ARCHAEAN
BASEMENT
GNEISS

conglomerate-
arkosite-mica
schist

arkosite-(mica
schist)

arkosite-mioa
schist

arkosite-siltstone-
(conglomerate)

feldspathic quartz-
ite with minor
conglomeratic
interbeds

;"*;;"-J-
sericite schist

granite gneiss,
amphibolite

grav el-san d- si lt

subassociations:

i) facies 6 (D):
silt-fine sand

ii) facies 1,2 and
3 (A and B):
gravel-coarse
sand

facies 4 and 5
(C):
sand-minor silt

facies 5 and 6
(C and D):
fine- to medium-
grained sand

r****r TECTONIC
fine sand-silt-
pebbly sand

subassociat ions:
l) fine sand-pebbly

sand (Sh, St)
2) silt-pebbly sand

(Sh, Sr, Sp,
minor Gm, Fl)

coarse sand-gravel
(St, Se, Sh, Gm)

******** NONCON

r)

- thinly bedded

- graded bedding

- slumping

- continuous beds

- intercalated

_ '11d 
r$

ii)

- unlts up to
l5 m thick

- 2 km long (dis-
contlnuous)

- interfingering
gravel/sand beds

- muddy rip-ups

- gravel: sand
ratio generally
>l

- intraformational
sand pebbles

- upwards thinning
and fining
sequences

- amalgamated
beds

- masslve or
graded beds

_-_continuous beds_

- alternating
sand-silt beds

- sand beds mas-
sive/graded

- continuous beds

FORMITY

CONTACT **8**

| - h.teroge'eou,

| - interbedded (l)
I coarse-gralneo,
I troueh cross-bed-

I aea äna (2) fine-

I gralneo. . .

I ramlnated beds

| - erosional chan-
I nels in silt

I ritt.d *irt'
I Bravelly sand

f- h;.*.-*."'
| - crude. bedding
I - trougn cross-

I bedding
| - erosional chan-

I nels filled with
I grarelly sand
I - slavellv beds

| ,p to i m rhiek
| - horizontal

i beddingt--
I

I

I

I

silt-fine sand:

- alternation with
gravel-sand sub-
facies (several
units)

gravel:

- individual beds
up to 3.5 m thick

- clast-supported

- lnverse-to-
normally graded

- disorganized beds

- clasts:

-oav.5cm
- o max. 30 cm

- 
fina-orcine.l

quartzlte

sand:

- beds up to
0.5 m thick

- masslve or
er4d

- sand beds up to
1.2 m thick

- upwards thic-
kening and
coarsenlng
sequences

- silty sequences
(laminated)

- sporadic pebbles
in sand

gravel facies:

- no internal
structures

- max- thickness
lm

- pebblcs
(o < 5 cm):
vein quartz,

_ llqlaila _ _
- Partly

redeposited

- basement pebbles

- local chloritoid
schist

t*****************:

- pegmatite lenses

very thin-bedded-
turbidite inter-
channel deposits in
upper fanlmid-fan

channel turbidite

upper fan/mid-fan

A-(AB,E-,*u'd;-

channeled
mid-fan
(upper suprafan) 

_

A(B)E-turbidite

smooth mid fan
(lower suprafan)/
lower fan

**+***************

Braided river

Braided river

Geological Survey of Finland. Special Pape r 5 

E.A . Korkiakoski and K. Laajoki 

Table I. Lithological character istics and sedimentologica l interpretations of Ihe northern part of the Salahmi Schist Belt (Lähdemäki

Ilk onahonkallio section). 

FORMATION L1THOLOGY FAC IES SED IM ENTA RY PARTICULAR INTE RPR ETA-

ASSOCIATION FEATURES REMARKS T IO 

AND 
Member COMPOSITION 

ROTIMOJOKI i) 

(ca . 1000 m) gravel-sand-s ilt - thinly bedded sil t-fine sand: very thin-bedded-
- graded bedding - alternation with turbidite inter-

subassocialions: - slumping gravel-sand sub- channel deposil s in 
- continuous beds facies (several upper fan/mid-fan 

i) facies 6 (D): - intercalated units) 
silt-fine sand sand beds 

-------- ------- --------
ii) gravel : 

- unit s up to - individual beds 
15 m thiek up to 3.5 m thiek 

conglomerate- - 2 km long (d is- - clasl-supported 
Ilkonaho n- arkos ite-m ica con tinuous) - in ve rse-to-
kallio schi st - int erfingering normally graded 

grave l/sand beds -- d isorganized beds 
ii) facies I . 2 and - muddy rip-ups - elasts: channel turbidite 

3 (A and B): - gravel : sand - o av . 5 cm 
gravel-coarse ratio genera ll y - o max . 30 cm upper fan/mid-fa n 
sand > I - fine-grained 

- intraformational quartzite 
sand pebbles sand: 

- upwards thinning - beds IIp 10 
and fining 0.5 m thiek 
sequences - massive or 

graded 
-------- ------- ------- - ------- --------

- amalgamated - sand beds up 10 A(AB)E-turbidite 
facies 4 and 5 beds 1.2 m Ihick 

Middle a rkosite-(mica (C): - massive or cha nne led 
schi st) sand-minor silt graded beds mid-fa n 

- co ntinuous beds (upper suprafan) 
r-------- ------- r-------- ------- :---------

- a lt erna ting - up wards thi c-
facies 5 and 6 sand-s ilt beds ken ing and A(B)E-turbidite 

LOIVer arkosite-mica (C and D) : - a nd beds mas- coarsening 
schi sl fine- to medium- sive/graded sequences smooth mid fan 

grained sand - cont inuous beds - si lt y sequences (tower suprafan)/ 
(laminated) lower fan 

******************* ******************* ****** TECTONI C CONTACT ****** ******************* ~******************* 

LÄHD EMÄKI fine sand-silt- - helerogeneous 
pebbly sand - i nterbedded (I) 

eoarse-grained. Braided river 
subassociation s: trough cross-bed-

Upper a rkosite-s iltstone- I) fine sand-pebbly ded a nd (2) fine -
(30-70 m) (eonglomerate) sand (Sh. St) grained. 

2) silt-pebbly sand laminaled beds 
(Sh. St. SP. - eros iona l chan-
minor Gm. FI) nels in si ll 

filled with 

,------- -------
gravelly sand 

f-------- ------- r--------
- homogeneous - sporadic pebbles 
- crude bedding in sand 
- I rough cross- gravel facies: 

feldspathic quart z- coarse sand-gravel bedding - no internal 
Lower ite with minor (St. Se. Sh . Gm) - erosional chan- SI rUClures 
(10 m) conglomerat ic nels filled with - max- Ihickness 

interbeds grave ll y sand I m I Braidcd river 
- grave ll y beds - pebbles 

up to I m thi ek (0<5 em): 
- horizontal vein quart z. 

-------- bedding pegmatite -------1-------- ------- --------
conglomeratic - partly 
seri cite schi st redeposited 

- basement pebbles 
Regolilh - loca l chloritoid 
« I m) schi st 

******************* ******************* ******** NONCONFORMITY ******** ******************* *****************~* 

ARC HAEAN granite gneiss. 

I 
- pegmalit e lenses 

BASEMENT amphibolite 
GNEISS 

Thc facies numbers and capital s in RjF refer to Ihis sludy. and to the facies elassification of Mutti a nd Ri cci Lucchi (1978) a nd Pickering 
el al. (1986) . respectively. and the facies codes of the LmF to Miall (1977. 1978 . 1985b). 
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Fig. 2. Geological map of the Salahmi area. Symbols: 1. Archaean basement of the Iisalmi dome. 2. Rahajärvi Gneiss Complex. 3. Pirtti-
mäki Complex. 4. Lähdemäki Formation. 5. Haajainen Formation. 6. Rotimojoki Formation. 7. Ilkonahonkallio Member of the Rotimo-
joki Formation. 8. Mataramäki Gneiss.9. Metabasite and amphibolite. 10. Diorite. ll. Pegmatite granite. 12. Lithological contact, the
same inferred. 13. Tectonic zone, the same inferred. 14. and 15. Sn, vertical,/inclined. The arrow head points to the top direction. 16.
Foliation. 17. Fold axis. 18. Outcrop. The cross-section across Kukkomäki is given in Fig. 20.

))
{ :.!

\:'/

ll

)

. )/

i

I

I

SYMBOLS

C)x 18

"ol 
17

uY 16

'u/'? '"XX ,o

./ ':' '"
a/rt 12

-/
ARHUKAL

Tlll ,,
T:s
. ' 10

tt vtl ^-/!vl "

Wu
Io-l '

-
Xs- 5

-:K4-H 4

/ @7,".4-I i@/ 2

t= -- _-1

li!7 I t

o

o

53

N 

11 

5 km 

7 0 7 0 

o 
:'! 

Geological Survey of Finland, Special Paper 5 
The Palaeosedimentology of the early Proterozoic Salahmi Schist Belt, central Finland 

0 " 18 

30/ 17 

ay 16 

7'7"Y 15 

/X 14 
/ 

/' / 13 

/'// 
/// 12 

1***1 11 

I> ;:-~:~'I 10 

rvvvl 9 
~ 

~ 8 

10 1 7 

1~tfl 6 

E 5 

~ 4 

10/.1 1 3 

I®? 1 2 

ICD-( 1 1 

SALAHMI 

) 

o 
o 
Il) 7 100 

63' 

50' 

K.L. 87 7070 

o 
~ 

Fig. 2. Geological map of the Salahmi area. Symbols: I . Archaean basement of the lisalmi dome. 2. Rahajärvi Gneiss Complex. 3. Pirtti
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joki Formation. 8. Mataramäki Gneiss. 9. Metabasite and amphibolite. 10. Diorite . 11. Pegmatite granite. 12. Lithological contact, the 
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Foliation. 17. Fold axis. 18 . Outcrop. The cross-section across Kukkomäki is given in Fig. 20. 
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Fig. 3. Ceneralized cross-sections across the study area showing detailed profiles of the llkonahonkallio Member of the RjF. Capitals
refer to the Bouma sequence (VBT:ver! thin bedded turbidite). Note that two columns on the left represent folded sections.

LÄrrnnvrÄKl FORMATION (LmF)

Definition

Description: The basal conglomerates, quartzites
and arkosites with associated silty interbeds over-
lying nonconformably the Archaean basement
complex at Lähdemäki are grouped together as the
Lähdemäki Formation (LmF). The formation is

divided into two members: the lower member and
the upper member.

Name: The formation takes its name from Läh-
demäki, the hill where it is best exposed and least
deformed. Lähdemäki lies 5 km north of the La-
ke Salahmijärvi.

Type section: Lähdemäki; x:7090.00
494.04, map sheet 3424 12.

Boundaries: The lower contact is a noncon-
formity surface against the Archaean basement of
the Iisalmi dome. The upper boundary at the type
locality occupies a NNE-SSW trending gully in-
terpreted as representing a fault zone agaist the
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LAHDEMAKI

Rotimojoki Formation (cf. Mäkinen 1916, p. 107).

Thickness: The thickness is 40-80 m at Läh-
demäki.

Correlation: Earlier authors (e.g. Wilkman
l93l; Savolahti 1965) correlated the Lähdemäki
quartzite occurrence with the conglomerates and
arkosites of the Haajainen area. Our studies de-
monstrate, however, that the LmF with its fre-
quent cross-bedding and not inconsiderable ma-
turity is a solitary relic in the study area and is
easily distinguished from the other conglomer-
atic-arkosite occurrences of the Salahmi Belt which
are immature and turbiditic.

The overall lithology and stratigraphic positi-
on indicate that the LmF can be correlated with
the lowermost quartzites of the Karelia tectofacies
in eastern and northern Finland.
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LÄHDEMÄKI FORMATION (LmF) 

Definition 

Description: The basal eonglomerates, quartzites 
and arkosites with assoeiated silty interbeds over
lying noneonformably the Arehaean basement 
eomplex at Lähdemäki are grouped together as the 
Lähdemäki Formation (LmF). The formation is 
divided into two members : the lower member and 
the upper member . 

Name: The formation takes its name from Läh
demäki , the hill where it is best exposed and least 
deformed . Lähdemäki lies 5 km north of the La
ke Salahmijärvi. 

Type section: Lähdemäki; x = 7090.00 Y = 
494.04, map sheet 3424 12. 

Boundaries: The lower eontaet is a noneon
formity surfaee against the Arehaean basement of 
the Iisalmi dome. The upper boundary at the type 
loeality oeeupieg a NNE-SSW trending gully in
terpreted as representing a fault zone agaist the 
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Rotimojoki Formation (cf. Mäkinen 1916, p. 107). 

Thickness: The thiekness is 40-80 m at Läh
demäki. 

Correlation: Earlier authors (e.g. Wilkman 
1931; Savolahti 1965) eorrelated the Lähdemäki 
quartzite oeeurrenee with the eonglomerates and 
arkosites of the Haajainen area. Our studies de
monstrate, however, that the LmF with its fre
quent eross-bedding and not ineonsiderable ma
turity is a solitary relie in the study area and is 
easily distinguished from the other eonglomer
atic-arkosite oeeurrenees of the Salahmi Belt which 
are immature and turbiditie. 

The overall lithology and stratigraphie positi
on indicate that the LmF ean be eorrelated with 
the lowermost quartzites of the Karelia teetofaeies 
in eastern and northern Finland. 
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Lithology

General: The continental LmF consists of feld-
spathic quartzites and arkosites with local con-
glomeratic and silty interbeds. It is a thin unit (ca.
40-80 m) compared with the RjF and lies direct-
ly on the basement gneiss bordering the eastern
side of the schist belt. It is vertically folded; the
dip is between 75 and 90 degrees and the strike ap-
proximately N-S.

The LmF is divided into (l) lower and (2) upper
members (Table l).

Lower member: The lower member begins with
a thin regolith cover (now conglomeratic sericite
schist) which contains boulders (max. diameter 35
cm) of vein quartz and other basement rocks, in-
cluding granite gneiss, amphibolite, schists and
pegmatite. A chloritoid schist now occurs at sites
where the regolith formed upon a basement am-
phibolite. As a whole, the lower member is rela-
tively homogeneous and characterized by crudely
bedded or, more rarely, through cross-bedded
coarse-grained sand (now feldspathic quartzites,
Figs. 4-6). In addition, sporadic pebbles and
small erosional channels filled with gravelly sand
are also found in places (Fig. 7). Some of these
channels are symmetrical on the exposure scale,
suggesting that the sediment transport was perpen-
dicular to the N-S regional strike of the schist belt.

Discontinuous conglomerate interbeds, which
may be up to I m thick and form lenses up to 30

m long, also occur in the upper part of the lower
member. They are partly clast-supported and dis-
play no internal structures; the pebbles, up to 5
cm in diameter, consist of vein quartz and feld-
spar. The latter probably derives from the pegma-
tite lenses occuring within the basement gneiss and
in the contact zone between the gneiss and the
overlying regolith cover.

The gradation between the lower and upper
members of the LmF is relatively abrupt and char-
acterized by interbedded pebbly or granule sands
and silts. An example of this is shown in Fig. 8,
where channels in silt and mud are filled with
coarser material.

Upper member: The upper member is more he-
terogeneous and fine-grained than the lower mem-
ber owing to its higher feldspar and mica contents.
In general, it is typified by the common occurrence
of through cross-bedded fine sand (Fig. 9); large-
scale planar cross-bedding is also found in one ex-
posure. Another typical feature is the alternation
of laminated, fine-grained sand-silt and coarser-
grained, through cross-bedded pebbly or granular
sand. There is also one relatively continuous, 2 m
thick bed of dark, coarse-grained quartzite with
some feldspar clasts. As suggested by its colour,
it consists of vein qtartz clasts that represent
unweathered remnants of the basement sneiss.

Fig. 4. Typical crudely bedded coarse sand (now feldspathic quartzite) with sporadic feldspar (pegmatite) and vein
quartz granules. The lower member of the LmF. The compass in the photographs in 12 cm long. All photographs
by E. Korkiakoski.
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Lithology 

General: The continental LmF consists of feld
spathic quartzites and arkosites with local con
glomeratic and silty interbeds. It is a thin unit (ca. 
40-80 m) compared with the RjF and lies direct
lyon the basement gneiss bordering the eastern 
side of the schist belt. It is vertically folded; the 
dip is between 75 and 90 degrees and the strike ap
proximately N-S. 

The LmF is divided into (1) lower and (2) upper 
members (Table 1). 

Lower member: The lower member begins with 
a thin regolith cover (now conglomeratic sericite 
schist) which contains boulders (max. diameter 35 
cm) of vein quartz and other basement rocks, in
eluding granite gneiss, amphibolite, schists and 
pegmatite. A chloritoid schist now occurs at sites 
where the regolith formed upon a basement am
phibolite. As a whole, the lower member is rela
tively homogeneous and characterized by crudely 
bedded or, more rarely, through cross-bedded 
coarse-grained sand (now feldspathic quartzites, 
Figs. 4-6). In addition, sporadic pebbles and 
small erosional channels filled with gravelly sand 
are also found in places (Fig. 7). So me of these 
channels are symmetrical on the exposure scale, 
suggesting that the sediment transport was perpen
dicular to the N-S regional strike of the schist belt. 

Discontinuous conglomerate interbeds, which 
may be up to 1 m thick and form lenses up to 30 

m long, also occur in the upper part of the lower 
member. They are partly elast-supported and dis
play no internat structures; the pebbles, up to 5 
cm in diameter, consist of vein quartz and feld
spar. The latter probably derives from the pegma
tite lenses occuring within the basement gneiss and 
in the contact zone between the gneiss and the 
overlying regolith cover. 

The gradation between the lower and upper 
members of the LmF is relatively abrupt and char
acterized by interbedded pebbly or granule sands 
and silts. An example of this is shown in Fig. 8, 
where channels in silt and mud are filled with 
coarser material. 

Upper member: The upper member is more he
terogeneous and fine-grained than the lower mem
ber owing to its high er feldspar and mi ca contents. 
In general, it is typified by the common occurrence 
of through cross-bedded fine sand (Fig. 9); large
scale planar cross-bedding is also found in one ex
posure. Another typical feature is the alternation 
of laminated, fine-grained sand-silt and co ars er
grained, through cross-bedded pebbly or granular 
sand. There is also one relatively continuous, 2 m 
thick bed of dark, coarse-grained quartzite with 
some feldspar elasts. As suggested by its colour, 
it consists of vein quartz elasts that represent 
unweathered remnants of the basement gneiss. 

Fig. 4. Typical crudely bedded coarse sand (now feldspathic quartzite) with sporadic feldspar (pegmatite) and vein 
quartz granules. The lower member of the LmF. The compass in the photographs in 12 cm long. All photographs 
by E. Korkiakoski. 
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Fig. 5. Through cross-bedded coarse feldspathic sand (norv quartzite). The lower member of the LmF.
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Fig. 6. Cross-bedded sand (now feldspathic quartzite) with variable grain size. Vein quartz clasts are shown in black. The
lorver member of the LmF.

56

Geological Survey of Finland, Special Paper 5 
E.A. Korkiakoski and K. Laajoki 

56 

Fig. 5. Through cross-bedded coarse feldspathic sand (now quartzite). The lower member of the LmF. 

Fig. 6. Cross-bedded sand (now feldspathic quartzite) with variable grain size. Vein quartz elasts are shown in black . The 
lower member of the LmF. 



Fig. 7. Coarse-to-pebbly sand with minor scouring.
vein quartz (black). The lower member of the LmF.
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Fig. 8. Schematic sketch of interbedded pebbly-to-medium sand and siltmud. Note the through cross-bedded sand fills of scours. The
gradation between the lower and upper members of the LmF.
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Fig. 7. Coarse-to-pebbly sand with minor scouring. The pebbles consist of feldspar (white) deriving from pegmatite and 
vein quartz (black). The lower member of the LmF. 
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Fig. 8. Schematic sketch of interbedded pebbly-to-medium sand and siltmud. Note the through cross-bedded sand fills of scours . The 
gradation between the lower and upper members of the LmF. 
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Laminated and through cross-bedded medium-to-fine sand (now arkosite). The upper member of

Lithofacies and

In Miall's (197'7:1978; 1985b) lithofacies clas-
sification, the lower member of the LmF consists
of the following facies: crudely and trough cross-
bedded coarse sand (St) with local longitudinal
massive gravel beds (Gm), erosional scours occa-
sionally filled with pebbly sand (Se) and horizon-
tally laminated sand (Sh). The lower part of the
upper member is typified by interbedded pebbly

facies associations

sand that locally forms erosional scours (St, Gt,
Gm) in the associated laminated silt and mud (Fl,
Sh). The upper member consists of the alternating
massive or through cross-bedded pebbly sand (or
gravel) (St, Gt, Gm) and horizontally laminated
fine sand-silt (Sh, Fl), and low-angle large scale
cross-bedded sand (Sl).

Palaeosedimentology

Because of the lack of three-dimensional ex-
posures and palaeoflow directions, it is difficult
to identify the architectureal elements as defined
by Miall (1985a, 1986). Consequently, the inter-
pretation of the depositional environment of the
LmF is only tentative. However, from its sediment-
ary structures and composition, it is concluded that
the Ln F was deposited in a fluvial environments
representing an ancient sandy braided river
analogous in style to those described by many au-
thors (e.g. Cant 1982: Harms et al. 1975; Miall
1977; Walker and Cant 1984).

'Ihe continental nature of these sediments is cor-
roborated by the existence of the thin but conti-
nuous regolith, which indicates subaeral conditions
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and extensive chemical weathering of the under-
lying basement gneiss.

The lower member resembles the'poorly defined
through cross-bedded unit' (facies A) of the de-
vonian Battery Point sandstone in Quebec, Canada
(Cant and Walker 1976). Likewise. the lower mem-
ber of the LmF has been interpreted as a dune de-
posit accumulated within a channel.

The detailed depositional environment of the
upper member is more difficult to define because
of the lack of complete vertical profiles. On the
basis of its finer average grain size and sedimentary
structures, it probably represents a more distal
fluvial environment than the lower member. De-
position of interbedded silty (or muddy) and
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Fig. 9. Laminated and through cross-bedded medium-to-fine sand (now arkosite). The upper member of 
the LmF. 

Lithofacies and facies associations 

In Miall's (1977; 1978; 1985b) lithofacies clas
sification, the lower member of the LmF consists 
of the following facies: crudely and trough cross
bedded coarse sand (St) with local longitudinal 
massive gravel beds (Gm), erosional scours occa
sionally filled with pebbly sand (Se) and horizon
tally laminated sand (Sh). The lower part of the 
upper member is typified by interbedded pebbly 

sand that locally forms erosional scours (St, Gt, 
Gm) in the associated laminated silt and mud (Fl, 
Sh). The upper member consists of the alternating 
massive or through cross-bedded pebbly sand (or 
gravel) (St, Gt, Gm) and horizontally laminated 
fine sand-silt (Sh, Fl), and low-angle large scale 
cross-bedded sand (SI). 

Palaeosedimentology 

Because of the lack of three-dimensional ex
pos ures and palaeoflow directions, it is difficult 
to identify the architectureal elements as defined 
by Miall (l985a, 1986). Consequently, the inter
pretation of the depositional environment of the 
LmF is only tentative. However, from its sediment
ary structures and composition, it is concluded that 
the Lrr,F was deposited in a fluvial environments 
representing an ancient sandy braided river 
analogous in style to those described by many au
thors (e.g. Cant 1982; Harms et al. 1975; MiaU 
1977; Walker and Cant 1984). 

The continental nature of these sediments is COf

roborated by the existence of the thin but conti
nuous regolith, which indicates subaeral conditions 
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and extensive chemical weathering of the under
lying basement gneiss. 
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through cross-bedded unit' (facies A) of the de
vonian Battery Point sandstone in Quebec, Canada 
(Cant and Walker 1976). Likewise, the lower mem
ber of the LmF has been interpreted as a dune de
posit accumulated within a channel. 

The detailed depositional environment of the 
upper member is more difficult to define because 
of the lack of complete vertical profiles. On the 
basis of its finer average grain size and sedimentary 
structures, it probably represents a more distal 
fluvial environment than the lower member. De
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pebbly sand units may be the result of a variable
flow regime or fluctuation in flow on a flood plain.
However, the major part of the upper LmF is
thought to have accumulated on a sand flat or in
a shallow channel.

Compared with modern river deposits, the LmF
with its low gravel/sand ratio, resembles distal se-
quences such as in the South Saskatchewan type
of river defined by Miall (1978; 1985b; see also
Cant 1978) and is gradational to the more gravelly
rivers of the Donjek and Scott types. However,
when making this kind of comparison, it is im-

portant to bear in mind that, because of the lack
of vegetation, the behaviour of Proterozoic river
systems may have been totally different from that
of present day rivers, as emphasized by Long
( I 978).

Furthermore, the river-type models referred to
above are rapidly ceasing to be useful, and, instead
of vertical profiles, true-scale cross-sections should
be established (Miall 1986). The outcrops at Sa-
lahmi do not, however, permit the latter method
to be applied on a greater scale.

HAAJAINEN FORMATION (HJF)

The major part of this formation occurs out- destroyed in most places. Therefore the present
side the present study area and has not yet been paper only defines the formation and gives some
studied in detail. The formation is often highly preliminary information on its lithology.
sheared and hence its primary features have been

Definition

Description: A vertically dipping zone a few
hundreds metres wide, and at least 25 km long,
consisting mainly of conglomerates and con-
glomeratic arkosites can be followed from Mete-
linmäki to Haajainen in the south. These imma-
ture coarse-clastic rocks with their minor pelitic
interbeds, providing indisputable evidence of tur-
biditic origin, are mapped as the Haajainen For-
mation (HjF). In the study area, the formation
crops out only at Metelinmäki and Isomäki (east

of Koukomäki and should not to be confused with
the locality with the same name southwest of Lake
Rotimo).

Name: The formation is named after the village
of Haajainen, where it is thickest and best exposed.

Type section: Outcrops northeast and southwest
of the Haajainen comprehensive school.

Boundaries: Neither boundary is exposed.
Structural studies indicate that the lower boundary
is tectonic, and, consequently, the formation de-

posited directly either on the Archaean basement
or on the LmF. The upper boundary against the
RjF seems to be gradual.

Thickness: The minimum thickness is at least
400 m at the Haajainen type area.

Correlation: The Kukkomäki conglomerate,
which is included in the Mataramäki gneiss and
turbiditic gneisses at Näläntö, represents a western
higher metamorphic derivative of the HjF con-
glomerates (Laajoki and Luukas, in press). The
quartzites and arkosites of Isomäki (SW of Lake
Rotimo) are also included in the HjF.

Earlier descriptions: The rocks of the HjF crop-
ping out at Leppäkangas, Murtomäki, Aholanmä-
ki, Sikomäki, Murennusmäki, the southern end
of Metelinmäki, Isomäki (SW of Rotimo) and
Kukkokallio have been described by Mäkinen
(1916), Wilkman (1931), Savolahti (1965) and
Marttila (1976, l98l).

Lithology

In brief, at Haajainen the formation begins with conglomerates with arkosite interbeds. The upper
conglomeratic arkosites with vein quartz and conglomeratesarecharacterizedbyabundantflat-
basement gneiss phenoclasts that pass upwards to tened schist fragments, up to 20 cm long, and base-
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pebbly sand units may be the result of a variable 
flow regime or fluctuation in flow on a flood plain. 
However, the major part of the upper LmF is 
thought to have accumulated on a sand flat or in 
a shallow channel. 

Compared with modern river deposits, the LmF 
with its low gravel/sand ratio, resembles distal se
quences such as in the South Saskatchewan type 
of river defined by Miall (1978; 1985b; see also 
Cant 1978) and is gradational to the more gravelly 
rivers of the Donjek and Scott types. However, 
when making this kind of comparison, it is im-

portant to bear in mind that, because of the lack 
of vegetation, the behaviour of Proterozoic river 
systems may have been totally different from that 
of present day rivers, as emphasized by Long 
(1978). 

Furthermore, the river-type models referred to 
above are rapidly ceasing to be useful, and, instead 
of vertical profiles, true-scale cross-sections should 
be established (Miall 1986). The outcrops at Sa
lahmi do not, however, permit the latter method 
to be applied on a greater scale. 

HAAJAINEN FORMATION (HjF) 

The major part of this formation occurs out
side the present study area and has not yet been 
studied in detail. The formation is often highly 
sheared and hence its primary features have been 

destroyed in most places. Therefore the present 
paper only defines the formation and gives some 
preliminary information on its lithology. 

Definition 

Description: A vertically dipping zone a few 
hundreds metres wide, and at least 25 km long, 
consisting mainly of conglomerates and con
glomeratic arkosites can be followed from Mete
linmäki to Haajainen in the south. These imma
ture coarse-clastic rocks with their minor pelitic 
interbeds, providing indisputable evidence of tur
biditic origin, are mapped as the Haajainen For
mation (HjF). In the study area, the formation 
crops out only at Metelinmäki and Isomäki (east 
of Koukomäki and should not to be confused with 
the locality with the same name southwest of Lake 
Rotimo). 

Name: The formation is named after the village 
of Haajainen, where it is thickest and best exposed. 

Type section: Outcrops northeast and southwest 
of the Haajainen comprehensive school. 

Boundaries: Neither boundary is exposed. 
Structural studies indicate that the lower boundary 
is tectonic, and, consequently, the formation de-

posited directly either on the Archaean basement 
or on the LmF. The upper boundary against the 
RjF seems to be gradual. 

Thickness: The minimum thickness is at least 
400 m at the Haajainen type area. 

Correlation: The Kukkomäki conglomerate, 
which is included in the Mataramäki gneiss and 
turbiditic gneisses at Näläntö, represents a western 
higher metamorphic derivative of the HjF con
glomerates (Laajoki and Luukas, in press). The 
quartzites and arkosites of Isomäki (SW of Lake 
Rotimo) are also included in the HjF. 

Earlier descriptions: The rocks of the HjF crop
ping out at Leppäkangas, Murtomäki, Aholanmä
ki, Sikomäki, Murennusmäki, the southern end 
of Metelinmäki, Isomäki (SW of Rotimo) and 
Kukkokallio have been described by Mäkinen 
(1916), Wilkman (1931), Savolahti (1965) and 
Marttila (1976, 1981). 

Lithology 

In brief, at Haajainen the formation begins with 
conglomeratic arkosites with vein quartz and 
basement gneiss phenoclasts that pass upwards to 

conglomerates with arkosite interbeds. The upper 
conglomerates are characterized by abundant flat
tened schist fragments, up to 20 cm long, and base-
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well preserved, the
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where the primary features are
formation consists mainly of

alternating turbiditic
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graded pelites (very

sands (mostly AB-turbidites)
conglomerates with minor
thin bedded turbidites).

ROTIMOJOKI FORMATION (RJF)

Definition

Description: The Rotimojoki Formation (RjF)
comprises the turbiditic mica schists, arkosites and
conglomerates overlying the LmF. The formation
is divided into three members: the lower member,
the middle member and the Ilkonahonkallio Mem-
ber. The pelitic rocks of the Sadinkangas-Leppä-
perä area are included in the RjF.

Name: The formation takes its name from the
river of Rotimojoki, which crosses the formation
between Lähdemäki and Ilkonahonkallio.

Type section: Lähdemäki-Ilkonahonkallio
(Fie. 3).

Boundaries: The lower contact is tectonic at
Lähdemäki but seems to be gradual against the
HjF at Metelinmäki. The formation constitutes the
uppermost Karelian formation in the area.

Thickness: The minimum thickness is at least
1000 m.

Correlation: The formation continues to Haa-
jainen in the south, and the schists and conglomer-
ates of Itämäki (Luukas 1987 , Laajoki and Luu-
kas, in press) are indisputably correlative with it.

Lithostratigraphy

General: At Lähdemäki, the RjF is separated
from the underlying LmF by a tectonic contact.
It shows polyphase folding and is at least 1000 m
thick. The RjF is divided into the lower, middle
and Ilkonahonkallio members, which are grada-
tional to each other (Table l). Structurally, it is
vertically folded and forms a synclinorium along
the N-S fold axis (Fig. 3). The strongest faulr di-
rections are 310"-320" (NNE) and 30' (NNW).
Consequently, the belt is broken up into pieces and
typified by strong, vertical lineation. This has re-
sulted in strong elongation of the conglomerate
pebbles which, unfortunately, makes imbrication
studies impossible.

Lower member: The lower member of the RjF
is characterized by alternating sand and silt beds
(now arkosite and mica schist; Fig. l0), which
locally form upwards thickening and coarsening
sequences. The sand beds are fine to medium-
grained and generally massive; graded bedding fre-
quently occurs. In places, the sand beds also dis-
play horizontal stratification. The silty beds, which
may form fairly thick sequences, are commonly
laminated.

Middle member: Stratigraphically upwards
(towards the west), the sand beds become more
abundant in relation to the silt beds. There is a
simultaneous increase in grain size and bed thick-
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ness, which may reach 1.2 m. As a result, the
middle member is characterized by amalgamated
sand beds with massive or, less abundantly, graded
structures. The amalgamated beds are exposed as
sequences up to 30 m thick with an average bed
thickness of 30 cm.

Ilkonahonkallio Member: The Ilkonahonkallio
Member is the best exposed part of the schist belt
and consequently, the best studied. It consists of
two contrasting but intercalating subassociations:
(l) gravel-coarse sand (now conglomerate and
metasandstone, Fig. I l), and (2) silt-(fine sand)
(now laminated mica schist, Figs. 12 and l3).

Exposures of the gravel-sand subassociation
are discontinuous but can be followed over a
distance of about 2 km. This discontinuation may
be primary feature or may have been caused by
folding and faulting. The gravel-sand sequences,
which are subordinate to the interbedded silt-(fine
sand) sequences, have a maximum thickness of
15 m. The former generally have planar bases, but
erosional scours towards the underlying silty beds
are also found (Fig. l3).

Gravel-sand sequences within the llkonahonkal-
lio Member consist of interbedded or interfinger-
ing sand and gravel beds; silty beds are rare with-
in these coarse sequences (Fig. la). Altogether they
form upwards thinning and fining sequences, com-
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is divided into three members: the lower member, 
the middle member and the Ilkonahonkallio Mem
ber. The pelitic rocks of the Sadinkangas-Leppä
perä area are included in the RjF. 

Name: The formation takes its name from the 
river of Rotimojoki , which crosses the formation 
between Lähdemäki and Ilkonahonkallio. 

Type seetion: Lähdemäki-Ilkonahonkallio 
(Fig. 3). 

Boundaries: The lower contact is tectonic at 
Lähdemäki but seems to be gradual against the 
HjF at Metelinmäki. The formation constitutes the 
uppermost Karelian formation in the area. 

Thickness: The minimum thickness is at least 
1000 m. 

Correlation: The formation continues to Haa
jainen in the south , and the schists and conglomer
ates of Itämäki (Luukas 1987, Laajoki and Luu
kas, in press) are indisputably correlative with it. 

Lithostratigraphy 

General: At Lähdemäki, the RjF is separated 
from the underlying LmF by a tectonic contact. 
lt shows polyphase folding and is at least 1000 m 
thick. The RjF is divided into the lower, middle 
and Ilkonahonkallio members, which are grada
tional to each other (Table 1). Structurally, it is 
vertically folded and forms a synclinorium along 
the N-S fold axis (Fig. 3). The strongest fault di
rections are 310°-320° (NNE) and 30° (NNW) . 
Consequently, the belt is broken up into pieces and 
typified by strong, verticallineation. This has re
sulted in strong elongation of the conglomerate 
pebbles which, unfortunately, makes imbrication 
studies impossible. 

Lower member: The lower member of the RjF 
is characterized by alternating sand and silt beds 
(now arkosite and mica schist; Fig. 10), which 
locally form upwards thickening and coarsening 
sequences. The sand beds are fine to medium
grained and generally massive; graded bedding fre
quently occurs. In places, the sand beds also dis
play horizontal stratification. The silty beds, which 
may form fairly thick sequences, are commonly 
laminated. 

Middle member: Stratigraphically upwards 
(towards the west), the sand beds become more 
abundant in relation to the silt beds. There is a 
simultaneous increase in grain size and bed thick-
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ness, wh ich may reach 1.2 m. As a result, the 
middle member is characterized by amalgamated 
sand beds with massive or, less abundantly, graded 
structures. The amalgamated beds are exposed as 
sequences up to 30 m thick with an average bed 
thickness of 30 cm. 

I1konahonkallio Member: The Ilkonahonkallio 
Member is the best exposed part of the schist belt 
and consequently, the best studied. It consists of 
two contrasting but intercalating subassociations: 
(l) gravel-coarse sand (now conglomerate and 
metasandstone, Fig. 11), and (2) silt-(fine sand) 
(now laminated mica schist, Figs. 12 and 13). 

Exposures of the gravel-sand subassociation 
are discontinuous but can be followed over a 
distance of about 2 km. This discontinuation may 
be primary feature or may have been caused by 
folding and faulting. The gravel-sand sequences, 
wh ich are subordinate to the interbedded silt-(fine 
sand) sequences, have a maximum thickness of 
15 m. The former generally have planar bases, but 
erosional scours towards the underlying silty beds 
are also found (Fig. 13). 

Gravel-sand sequences within the Ilkonahonkal
lio Member consist of interbedded or interfinger
ing sand and gravel beds; silty beds are rare with
in these coarse sequences (Fig. 14). Altogether they 
form upwards thinning and fining sequences, com-
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Fig. 10. lntercalated medium sand and associated silty beds displaying massive or, less commonly, graded struc-
tures (AE-turbidite). The lower member of the RjF.

Fig. I 1 . Intercalated gravel and massive, coarse sand beds. The sporadic clasts within the sandy beds consist of fine-grained
quartzite and display poorly developed inverse-to-normal grading (Channel turbidites). The Ilkonahonkallio Member of the
RjF. The diagonal veins are of quartz.
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Fig. 10. Intercalated medium sand and associated silty beds displaying massive or, less commonly, graded struc
tu res (AE-turbidite). The lower member of the RjF. 

Fig. 11. Intercalated gravel and massive, coarse sand beds. The sporadic elasts within the sandy beds consist of fine-grained 
quartzite and display poorly developed inverse-to-normal grading (Channel turbidites). The Ilkonahonkallio Member of the 
RjF. The diagonal veins are of quartz. 
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Fig. 12. Laminated fine sand-silt with small-scale slumping and poorly developed grading (interchannel very thin turbi-
dites). The Ilkonahonkallio Member of the RjF.

Irig. 13. Erosional baseofthecoarsegravel-sandsubassociationagainstthefinesand-siltsubassociation.Thellkonahon-
kallio Member oi the RjF.

62

Geological Survey of Finland, Special Paper 5 
E.A. Korkiakoski and K. Laajoki 

62 

Fig . 12. Laminated fine sand-sill with small-scale slumping and poorly developed grading (interchannel very thin turbi
dites). The lIkonahonkallio Member of the RjF. 

Fig. 13. Erosional base of the coarse gravel-sand subassociation against the fine sand-sill subassociation. The lIkonahon
kallio Member of the RjF. 
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parable to those described from channel turbidites
in the Archaean Pilbara Block (Eriksson 1982;
Wilhelmij and Dunlop 1984). The gravel beds are
generally dominant and exclusively clast-supported
with sand matrix. They can be up to 3.5 m thick.
Grading is not discernible throughout but, where
present, is typically inverse-to-normal. Inverse
grading has been found here and there (Figs. 14
and l5). In contrast, cross-bedding which is the
most characteristic sedimentary structure of the
LmF, has been found in only one exposure (Fig.
14).

The gravel clasts are rounded but, because of
the strong lineation, elongated. They generally
range between 3 and 8 cm but locally may be up
to 30 cm in diameter. The clasts consist nearly
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entirely of fine-grained, plane-laminated quartzite.
The finer grain size and more mature composition,
of the clasts preclude origin from the underlying
quartzose sediments of the LmF. Besides the quart-
zites, some clasts of vein quartz, dark quartzite
and arkosite also occur in the RjF. Silty or
graphitic rip-ups and intraformational sand
pebbles have also been observed within the gravel-
sand sequences (Figs. 14 and 16).

The sand beds intercalated with the gravel beds
are either massive or, less frequently, graded and
graded-stratified. In places, horizontal stratifica-
tion has been observed in the upper part of a
graded sand bed. The sand beds are coarse-grained
and may lens out over a distance of a few metres
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Fig. 14. Schematic sketch of an exposure of the gravel-sand subassocialion. Note the local planar cross-bedding, silty rips-ups, inverse
grading (see Fig. l5), and thinning and lensing out sand beds. The maximum size of the clasts is shown in the figure. The llkonahonkallio
Member of the RiF.
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Grading is not discernible throughout but, where 
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grading has been found here and there (Figs. 14 
and 15). In contrast, cross-bedding which is the 
most characteristic sedimentary structure of the 
LmF, has been found in only one exposure (Fig. 
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the strong lineation, elongated. They generally 
range between 3 and 8 cm but locally may be up 
to 30 cm in diameter. The elasts consist nearly 
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entirely of fine-grained, plane-Iaminated quartzite. 
The finer grain size and more mature composition, 
of the elasts preelude origin from the underlying 
quartzose sediments of the LmF. Besides the quart
zites, some elasts of vein quartz, dark quartzite 
and arkosite also occur in the RjF. Silty or 
graphitic rip-ups and intraformational sand 
pebbles have also been observed within the gravel
sand sequences (Figs. 14 and 16). 

The sand beds intercalated with the gravel beds 
are either massive or, less frequently, graded and 
graded-stratified. In places, horizontal stratifica
ti on has been observed in the upper part of a 
graded sand bed. The sand beds are coarse-grained 
and may lens out over a distance of a few metres 

Fig. 14. Schemalic sketch of an exposure of lhe gravel-sand subassocialion. Note the local planar cross-bedding, silty rips-ups, inverse 
grading (see Fig. 15), and thinning and lensing out sand beds. The maximum size of the elasts is shown in the figure. The llkonahonkalho 
Member of the RjF. 
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Fig. 15. lnversely graded gravel bed with associated sand couplet underlain by silty beds, cf. Fig. 14. Gravel bed is clast-
supported. The Ilkonahonkallio Member of the RjF.

Fig. 16. Coarse sand-gravel bed. The clasts consist of bedded, fine-grained quartzite; sand beds are massive. Note
also the intraformational sandy and silty rip-ups in the upper half of the figure. The Ilkonahonkallio Member of the
RJF.
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Fig. 15. Inversely graded gravel bed wilh associaled sand couplet underlain by silty beds, cf. Fig. 14. Gravel bed is elast
supported . The llkonahonkallio Member of the RjF. 

Fig. 16. Coarse sand-gravel bed. The elasts consist of bedded, fine-grained quartzite; sand beds are massive. Note 
also lhe intraformational sandy and silty rip-ups in the upper half of the figure . The llkonahonkallio Member of the 
RjF. 
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Fig. 17. Coarse sand-gravel couplets with graded structure. The northern part of the coarse gravel-sand
subassociation. The Ilkonahonkallio Member of the RjF. Note the amalgamation shown by twö sand beds
in the right upper corner.
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Fig. 18. Graded-stratified sand bed between gravelly beds. Note the parallel lamination in the upper
part of the sand bed. The northern part of the llkonahonkallio Member of the RjF.
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Fig. 17. Coarse sand-gravel couplets with graded structure . The northern part of the coarse gravel-sand 
subassociation. The llkonahonkallio Member of the RjF. Note the amalgamation shown by two sand beds 
in the right upper corner. 

Fig. 18. Graded-stratified sand bed between gravelly beds. Note the parallellamination in the upper 
part of the sand bed . The northern part of the llkonahonkallio Member of the RjF. 
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Fig. 19. Graded coarse sand to silt beds showing Bouma AE and ABE sequences and flame structures. The coarse
gravel-sand subassociation. The llkonahonkallio Member of the RjF.

(Fig. la). Some of them appear to be closely
related to the underlying gravel beds, and may con-
tain isolated clasts of gravel. This suggests that
sand and gravel beds may occur in couplets (Figs.
l7 and l8), a feature also documented by Clifton
(1984) and Eriksson (1982) from comparable
lithofacies.

As a rvhole, the sand beds are thinner than the
associated gravel beds, their maximum thickness
being 0.5 m. However, the sand beds alone may
form amalgamated sequences a few metres thick
with occasional flame structures (Fig. 19).

Areally, the gravel beds become disorganized
and towards the south, partly matrix supported.
This may indicate a more proximal environment
than in the northern areas (see below).

Silt-(fine sand) sequences within the Ilkonahon-
kallio member are generally laminated. They
dominate over the gravel-sand sequences. Where
the primary features have been preserved they are
typically laminated or very thinly bedded (we apply
the thickness terminology of Ingram 1954) and
graded. Small-scale slump structures have also
been observed (Fig. l2).

As indicated by an abundant staurolite, they are
highly metamorphosed (amphibolite facies). At
Laajakangas, in the northern part of the study area
(Fig. 2), the rocks are dominantly pelitic but may
contain some sandy interbeds in places. At Mete-
linmäki, in the northeastern part of the study area,
the rocks are dominated by alternating sand and
silt beds comparable with the lower member.

Lithofacies

The facies classification of the RjF is based on
grain size and sedimentary structures and roughly
follows that of Mutti and Ricci Lucchi (1978)
(shown below by capitals within parentheses) and
Pickering et al. (1986). The latter is a more detailed
and updated version of the Mutti-Ricci Lucchi
scheme but retains its general outlines. The bed
thickness terminology used is that of Ingram
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(195a): laminae, less than I cm; very thin beds,
l-3 cm; thin beds, 3-10 cm; medium thick beds,
l0-30 cm; thick beds, 30-100 cm; and very thick
beds, greater than 100 cm. The following primary
sedimentary facies, numbered from I to 6, have
been defined:

Facies 1: Inverse-to-normally graded gravel (A).
This facies consists of thin to verv thick bedded
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Fig . 19 . Graded coarse sand to silt beds showing Bouma AE and ABE seq uences and flame st ructures . The coarse 
gravel-sand subassociation . The llkonahonkallio Member of the RjF. 

(Fig. 14). So me of them appear to be elosely 
related to the underlying gravel beds, and may con
tain isolated elasts of gravel. This suggests that 
sand and gravel beds may occur in couplets (Figs. 
17 and 18), a feature also documented by Clifton 
(1984) and Eriksson (1982) from comparable 
lithofacies. 

As a whole, the sand beds are thinner than the 
associated gravel beds, their maximum thickness 
being 0.5 m. However, the sand beds alone may 
form amalgamated sequences a few metres thick 
with occasional flame structures (Fig. 19) . 

Areally, the gravel beds become disorganized 
and towards the south, partly matrix supported. 
This may indicate a more proximal environment 
than in the northern areas (see below). 

Silt-(fine sand) sequences within the Ilkonahon
kallio member are gene rally laminated. They 
dominate over the gravel-sand sequences. Where 
the primary features have been preserved they are 
typically laminated or very thinly bedded (we apply 
the thickness terminology of Ingram 1954) and 
graded. Small-scale slump structures have also 
been observed (Fig. 12) . 

As indicated by an abundant staurolite, they are 
highly metamorphosed (amphibolite facies). At 
Laajakangas, in the northern part of the study area 
(Fig. 2), the rocks are dominantly pelitic but may 
contain some sandy interbeds in places. At Mete
linmäki, in the northeastern part of the study area, 
the rocks are dominated by alternating sand and 
silt beds comparable with the lower member. 

Lithofacies 

The facies elassification of the RjF is based on 
grain size and sedimentary structures and roughly 
follows that of Mutti and Ricci Lucchi (1978) 
(shown below by capitals within parentheses) and 
Pickering et al. (1986). The latter is a more detailed 
and updated version of the Mutti-Ricci Lucchi 
scheme but retains its general outlines. The bed 
thickness terminology used is that of Ingram 
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(1954) : laminae, less than 1 cm; very thin beds, 
1-3 cm; thin beds, 3-10 cm; medium thick beds, 
10-30 cm; thick beds, 30-100 cm; and very thick 
beds, greater than 100 cm. The following primary 
sedimentary facies, numbered from 1 to 6, have 
been defined: 

Facies 1: Inverse-to-normally graded gravel (A). 
This facies consists of thin to very thick bedded 
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( > I m), clast-supported gravels typically display-
ing inverse-to-normal grading (Figs. l4 and l5).
It is closely related to facies 2 and 3.

Facies 2: Graded-stratified gravel-sand couplets
(A). This facies consists of a gravelly lower part
which appears to pass upwards into pebbly,/coarse
sand. The gravel part is generally thinner than the
sand part, which is typically graded and, in its up-
permost part, stratified (Figs. l7 and l8). The dis-
tinction between facies I and 2 is arbitrary.

Facies 3: Thick/medium-bedded massive or
graded sand (B). This facies consists of massive
or, more rarely, graded coarse sand with sporadic
stratification in the upper part. It is comparable
to the sandy upper part of facies 2 but the associa-
tion with the gravel beds has not been so well es-
tablished because of the abrupt contacts (Figs. I I
and l9).

Facies 4: Thick/medium-bedded sand-silt
couplets (C). This facies consists of massive or
graded, medium to coarse-grained sand and asso-
ciated silt bed. Amalgamation of the sand beds is

locally characteristic. Some of the sand beds dis-
play stratification. The sand/silt ratio is high ( > l).
In Bouma's (1962) classification this facies repre-
sents A(AB)E-turbidites.

Facies 5: Medium,zthin-bedded sand-silt coup-
lets (C). This facies consists of alternating fine sand
and silt beds (no amalgamation). The sand beds
are massive or graded-stratified. It is closely related
to facies 4 but the bed thickness and sand/silt ratio
are generally lower (ca. l). In Bouma's classifica-
tion it represents A(B)E-turbidites (Figs. l0 and
le).

Facies 6: Laminated silt (D). This facies con-
sists of thin-bedded silt-mud layers with some
thin sandy interbeds.

The beds are generally tectonized and, conse-
quently, the primary sedimentary structures have
been destroyed. However, rare grading and small-
scale slumping have been observed (Fig. 12). This
facies forms sequences up to several metres thick
in association with facies 4. or facies 1.2 and 3.

Facies associations

The above facies can be grouped into three fa-
cies associations that can be compared with the
members of the RjF. The lower member consists
of facies 5 and 6 (facies C and D according to Mut-
ti and Ricci Lucchi (1978) and Pickering et al.
(1986)), the middle member of facies 4 and 5 (C),
and the Ilkonahonkallio Member of facies | , 2 (A\,

3 (B) and 6 (D). The facies in the latter member
form two contrasting subassociations: (l) facies
l, 2 and 3 (A, B), which are interbedded or inter-
fingering relative to each other and form sequences
up to 15 m thick; and (2) facies 6 (D). The latter
forms thick units between the sequences consist-
ing of facies l, 2 and 3.

Palaeosedimentology

Introduction

The sedimentary features described above, show
clearly that the rocks of the RjF represent basinal
turbidite deposits. Since the classic papers of Kue-
nen and Migliorini (1950) and Bouma (1962),tur-
biditic rocks have been subjected to intensive
study, and several papers have been published
about their depositional environments. Several
authors have developed deep-sea fan models,
based on the study of either modern fans (e.g. Nor-
mark, 1978) or ancient ones (e.g. Mutti, 1977;
Walker, 1967, 1976, 1978).

Despite the great number of models, they are
largely comparative and, therefore, only briefly
reviewed here. Those of Mutti and Ricci Lucchi
(1978) and Walker (1916, 1978, summarized in
1984) are most readily applicable in the present

context because the conglomeratic rocks are well-
developed within the present study area.

Mutti and Ricci Lucchi (1978) classified the fan
sediments into seven lithofacies, A to G. This clas-
sification was adapted by Ingersoll (1978) and re-
cently summarized by Howell and Normark
(1982). Facies A is the coarsest-grained and con-
sists of conglomerate and coarse-to-pebbly sand-
stone. Facies B is sand dominated whereas facies
C represents the "classic" turbidites with well-
developed Bouma sequences (see Bouma, 1962)
and alternating sand and mud beds. Facies D is
mud dominated with subordinate beds of fine
sand. It is transitional to facies C and represents
traditional "distal" turbidites with base-missing
Bouma sequences. Facies E consists of thin inter-
bedded sand and mud; it differs from the previous
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(> 1 m), clast-supported gravels typically display
ing inverse-to-normal grading (Figs. 14 and 15). 
It is closely related to facies 2 and 3. 

Fades 2: Graded-stratified gravel-sand couplets 
(A). This facies consists of a gravelly lower part 
which appears to pass upwards into pebbly/coarse 
sand. The gravel part is generally thinner than the 
sand part, which is typically graded and, in its up
perm ost part, stratified (Figs. 17 and 18). The dis
tinction between facies 1 and 2 is arbitrary. 

Fades 3: Thick/ medium-bedded massive or 
graded sand (B). This facies consists of massive 
or, more rarely, graded coarse sand with sporadic 
stratification in the upper part. It is comparable 
to the sandy upper part of facies 2 but the associa
ti on with the gravel beds has not been so well es
tablished because of the abrupt contacts (Figs. 11 
and 19) . 

Fades 4: Thick/ medium-bedded sand-silt 
couplets (C). This facies consists of massive or 
graded, medium to coarse-grained sand and asso
ciated silt bed . Amalgamation of the sand beds is 

locally characteristic. Some of the sand beds dis
play stratification. The sand/ silt ratio is high (> 1). 
In Bouma' s (1962) classification this facies repre
sents A(AB)E-turbidites. 

Fades 5: Medium/ thin-bedded sand-silt coup
lets (C). This facies consists of alternating fine sand 
and silt beds (no amalgamation). The sand beds 
are massive or graded-stratified . It is closely related 
to facies 4 but the bed thickness and sand/ silt ratio 
are generally lower (ca. 1). In Bouma's classifica
ti on it represents A(B)E-turbidites (Figs . 10 and 
19). 

Fades 6: Laminated silt (D). This facies con
sists of thin-bedded silt-mud layers with so me 
thin sandy interbeds. 

The beds are generally tectonized and, conse
quently, the primary sedimentary structures have 
been destroyed. However, rare grading and small
scale slumping have been observed (Fig . 12). This 
facies forms sequences up to several met res thick 
in association with facies 4, or facies 1, 2 and 3. 

Fades assodations 

The above facies can be grouped into three fa
ci es associations that can be compared with the 
members of the RjF. The lower member consists 
of facies 5 and 6 (facies C and D according to Mut
ti and Ricci Lucchi (1978) and Pickering et al. 
(1986)), the middle member of facies 4 and 5 (C), 
and the Ilkonahonkallio Member of facies 1, 2 (A), 

3 (B) and 6 (D). The facies in the latter member 
form two contrasting subassociations: (1) facies 
1, 2 and 3 (A, B), which are interbedded or inter
fingering relative to each other and form sequences 
up to 15 m thick; and (2) facies 6 (D). The latter 
forms thick units between the sequences consist
ing of facies 1, 2 and 3. 

Palaeosedimentology 

Introduction 

The sedimentary features described above, show 
clearly that the rocks of the RjF represent basinal 
turbidite deposits. Since the classic papers of Kue
nen and Migliorini (1950) and Bouma (1962), tur
biditic rocks have been subjected to intensive 
study, and several papers have been published 
about their depositional environments. Several 
authors have developed deep-sea fan models, 
based on the study of either modern fans (e.g. Nor
mark, 1978) or ancient on es (e.g. Mutti, 1977; 
Walker, 1967, 1976, 1978). 

Despite the great number of models, they are 
largely comparative and, therefore, only briefly 
reviewed here. Those of Mutti and Ricci Lucchi 
(1978) and Walker (1976, 1978, summarized in 
1984) are most readily applicable in the present 

context because the conglomeratic rocks are well
developed within the present study area. 

Mutti and Ricci Lucchi (1978) classified the fan 
sediments into seven lithofacies, A to G. This clas
sification was adapted by Ingersoll (1978) and re
cently summarized by Howell and Normark 
(1982). Facies A is the coarsest-grained and con
sists of conglomerate and coarse-to-pebbly sand
stone. Facies B is sand dominated whereas facies 
C represents the "classic" turbidites with well
developed Bouma sequences (see Bouma, 1962) 
and alternating sand and mud beds. Facies D is 
mud dominated with subordinate beds of fine 
sand. It is transitional to facies C and represents 
tradition al "distal" turbidites with base-missing 
Bouma sequences. Facies E consists of thin inter
bedded sand and mud; it differs from the previous 
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facies in its coarser grain size and higher sand-mud
ratio as a result of deposition in a channelized en-
vironment and in the fact that it is characterized
by the presence of basal graded and structureless
intervals.

In contrasts, the remining facies, F and G, do
not represent original turbidite facies although they
are closely related to them. The former (chaotic
facies) consists of remobilized pebbly mud with
well-developed slump structures. It is typically
found near the slope or in close proximity to the
channel margin of upper fan,/mid environment.
The latter (facies G) consists of hemipelagic and
pelagic detritus that tends to blanket all the areas

of a submarine fan.
These facies can be grouped into the following

associations with the most characteristic facies in
parentheses:

(l) slope (G), feeder channel (8, C and D), and
submarine canyon (A and F, minor B, C, D
and G),

(2) upper fan (A, minor B and F),
(3) mid fan (A, B and minor C;interchannel areas

E and D),
(4) lower fan (C, D and minor B),
(5) basin plain (G, D and minor C).

Lower member:

The sedimentary environment of the RjF has
been constructed on the basis of the classification
discussed above. The lower member of the RjF
consists of A(B)E{urbidites of facies 5 and 6 and,
according to the model of Mutti and Ricci Lucchi
(1978), forms facies C plus D and, possibly G,
which typify the mid fanllower fan environment.
More precisely, because of the lack of channeliza-
tion, and interbedding of sandy and silty sediments
together with poor development of complete Bou-
ma sequences, the smooth mid-fan appears to be
the more probable site of sedimentation.
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Middle member:

The sand-dominated middle rnember. which is
characterized by abundant amalgamation plus al-
ternation of sand and silt beds consists mainly of
facies C (Facies 4 and 5). Facies G may also occur
as a possible background sedimentation. In
Bouma's (1962) classification this member consists
of A(AB)E-turbidites. However, the complete
Bouma sequences have not been found. Alto-
gether, these features associated with the relatively
high bed thickness indicate that deposition oc-
curred in a shallow channel in a mid-fan environ-
ment.

Ilkonahonkallio Member:

The principal facies of the Ilkonahonkallio
Member consists of coarse facies A and B (Facies
1,2 and 3) interbedded with facies D and, possi-
bly, G (Facies 6). These features indicate that
sedimentation took place in the channelled upper
fanlmid-fan environment and related interchan-
nel areas. However, according to Walker (1976,
1978, 1984), the upper fan deposits would prob-
ably consist of only one deep conglomeratic
channel fill (see also Eriksson 1982). This is not
the case with the RjF, in which gravel-sand beds
occur as several horizons. This suggests the exis-
tence of multiple channels and, consequently, the
mid-fan environment appears to be more probable
than the upper fan environment. However, the in-
tercalation of the coarse channel subassociation
and the fine interchannel subassociation might also
reflect the proximity of the channel margin, or re-
peated abandonment of a relatively shallow
channel. Associated thin-bedded turbidites of
facies 6 probably represent intermittent overflow
in interchannel areas and on levee (cf. Walker
I 985).

The pelitic rocks in the highly metamorphosed
northern part of the study area possibly represent
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facies in its coarser grain size and high er sand-mud 
ratio as a result of deposition in a channelized en
vironment and in the fact that it is characterized 
by the presence of basal graded and structureless 
intervals. 

In contrasts, the remining facies, Fand G, do 
not represent original turbidite facies although they 
are closely related to them. The former (chaotic 
facies) consists of remobilized pebbly mud with 
well-developed slump structures. It is typically 
found near the slope or in close proximity to the 
channel margin of upper fan / mid environment. 
The latter (facies G) consists of hemipelagic and 
pelagic detritus that tends to blanket all the areas 
of a submarine fan. 

These facies can be grouped into the following 
associations with the most characteristic facies in 
parentheses: 

(1) slope (G), feeder channel (B, C and 0), and 
submarine canyon (A and F, minor B, C, 0 
and G), 

(2) upper fan (A, minor Band F), 
(3) mid fan (A, Band minor C; interchannel areas 

E and 0), 
(4) lower fan (C, 0 and minor B), 
(5) basin plain (G, 0 and minor C). 

Lower member: 

The sedimentary environment of the RjF has 
been constructed on the basis of the classification 
discussed above. The lower member of the RjF 
consists of A(B)E-turbidites of facies 5 and 6 and, 
according to the model of Mutti and Ricci Lucchi 
(1978), forms facies C plus 0 and, possibly G, 
which typify the mid fan / lower fan environment. 
More precisely, because of the lack of channeliza
tion, and interbedding of sandy and silty sediments 
together with poor development of complete Bou
ma sequences, the smooth mid-fan appears to be 
the more probable site of sedimentation. 
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Middle member: 

The sand-dominated middle member, wh ich is 
characterized by abundant amalgamation plus al
ternation of sand and silt beds consists mainly of 
facies C (Facies 4 and 5). Facies G mayaiso occur 
as a possible background sedimentation. In 
Bouma's (1962) classification this member consists 
of A(AB)E-turbidites. However, the complete 
Bouma sequences have not been found. Alto
gether, these features associated with the relatively 
high bed thickness indicate that deposition oc
curred in a shallow channel in amid-fan environ
ment. 

I1konahonkallio Member: 

The principal facies of the Ilkonahonkallio 
Member consists of coarse facies A and B (Facies 
1, 2 and 3) interbedded with facies 0 and, possi
bly, G (Facies 6). These features indicate that 
sedimentation took place in the channelled upper 
fan/mid-fan environment and related interchan
nel areas. However, according to Walker (1976, 
1978, 1984), the upper fan deposits would prob
ably consist of only one deep conglomeratic 
channel fill (see also Eriksson 1982). This is not 
the case with the RjF, in which gravel-sand beds 
occur as several horizons . This suggests the exis
tence of multiple channels and, consequently, the 
mid-fan environment appears to be more probable 
than the upper fan environment. However, the in
tercalation of the coarse channel subassociation 
and the fine interchannel subassociation might also 
reflect the proximity of the channel margin, or re
peated abandonment of a relatively shallow 
channel. Associated thin-bedded turbidites of 
facies 6 probably represent intermittent overflow 
in interchannel areas and on levee (cf. Walker 
1985). 

The pelitic rocks in the highly metamorphosed 
northern part of the study area possibly represent 
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a more distal environment of a turbidite fan 0ower
fan). However, this interpretation is based only
on the general fine grain size and the lack of chan-
nelization. Another alternative is that the rocks
represent levee complexes, such as are well-deve-
loped in modern submarine-fan systems but have
not been recognized from ancient sequences (Shan-
mugam et al. 1985).

Concerning sedimentation conditions, Walker
(1976, 1978, 1984) has postulated that conglo-
merates within the channel display gradational
downcurrent change from inverse-to-normally
graded to graded and graded-stratified beds. Com-
parable features have been recognized from the
Pilbara Block @riksson, 1982) and from Devonian
rocks in Southwestern Poland (Nemec et al. 1980;
Porebski 1984).

In addition, the inverse-to-normally graded
conglomerates are thought to reflect rapid depo-
sition on a steep slope from the highly concentrated
dispersion of clasts and sand. Furthermore,
graded-stratified conglomerate and sand probably
indicate slower deposition on lower-gradient, more
distal slopes (Walker, 1975).

According to the above Polish studies, ungraded
conglomerates (which Walker (op. cit.) did not in-

clude in his model) and inversely-graded conglo-
merates represent the proximal environment of the
fan channel, and normally graded and graded-
stratified deposits the distal facies; inverse-to-
normal graded conglomerates, which are an im-
portant part of many fan channels (see Walker,
op. cit.), are considered an intermediate deposit.
The proximal/distal nature of these conglomeratic
sediments is also shown by the higher sand/gravel
ratio and the smaller clast size of the gravel.

In summary, all these features suggest that the
Ilkonahonkallio member of the RjF deposited in
the channelled mid-fan or, less probably, in the
upper fan. Furthermore, graded and graded-strat-
ified structures of the gravel-sand beds together
with the smaller size and number of clasts in the
north may indicate that transportation was from
south to north. This is corroborated by the occur-
rence of disorganized gravel beds in the south.

Conclusions:

As a whole, the RjF forms a progradational tur-
bidite fan sequence starting with lower/mid-fan
sands overlain by mid-fan channel sands and
gravels and associated levee-interchannel silts.

REGIONAL SIGNIFICANCE OF

There are three major problems in seeking to
define significance of the Salahmi Schist Belt to
general evolution of the Karelian supracrustal
rocks in Central Finland: l) The relation of the
LmF to other Karelian quartzite formations; 2)
The relation of the Salahmi Belt to the gneisses

west of it; and 3) The correlation of the HjF and
RjF with other Karelian flyschoidic deposits and
their tectonosedimentary evolution. These prob-
lems will be discussed in this order in the following.

1) Provided that the regolith below the LmF
represents the same period of chemical weathering
that separates the Kainuu from the Sumi-Sariola
in Kainuu and North Karelia it can be postulated
that the thin LmF is correlative with the Kainuu
quartzites and hence represents a relic of the
southwestern rim of the Karelian platformal cover
that seems to have faced to the north or northwest
(Laajoki 1986a, 1988b).

2) Recent mapping carried out by Luukas
(1987) and our studies confirm Wilkman's (1929,
l93l) idea that the Salahmi schists are correlative
with the Näläntö gneisses. This topic will be treated
more fully in a separate paper (Laajoki and Luu-

THE SALAHMI SCHIST BELT

kas, in press), suffice it to say in this context that
the turbiditic Mataramäki gneiss (Fig. 2) can be
traced as far as Loutemäki where it includes meta-
chert and silicate iron-formation beds (Savolah-
ti's (1965) quartzite with amphibolite interbeds,
e.g. his Fig. 26). These gneisses seem to represent
the deeper water equivalents of the HjF and are
overlain by more pelitic gneisses and schists cor-
relative with the RjF.

3) The HjF and RjF with rheir turbiditic litho-
logies contrasts strongly with the LmF, suggesting
a major unconformity between these units. Owing
to its isolated position and the complicated tecto-
nics of the surrounding areas, correlations of the
HjF and RjF with the nearby Karelian areas are
tentative only. Because of their flyschoidic nature
it is most logical to include them in the Lower
(HjF) and Middle (RjF) Kaleva tectofacies (cf.
Laajoki 1988a) and correlate them with the con-
glomerates, metasandstones and metapelites of the
Kainuu Schist Belt (Kontinen 1986, Gehör and Ha-
vola 1988), the metaturbidites of the Rahkajärvi
Formation in the Kuopio area (Aumo 1983) and
the conglomerates and mica schists of the Savo
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a more distal environment of a turbidite fan (lower 
fan). However, this interpretation is based only 
on the general fine grain size and the lack of chan
nelization . Another alternative is that the rocks 
represent levee complexes, such as are well-deve
loped in modern submarine-fan systems but have 
not been recognized from ancient sequences (Shan
mugam et al. 1985). 

Concerning sedimentation conditions, Walker 
(1976, 1978, 1984) has postulated that conglo
merates within the channel display gradational 
downcurrent change from inverse-to-normally 
graded to graded and graded-stratified beds. Co m
parable features have been recognized from the 
Pilbara Block (Eriksson, 1982) and from Devonian 
rocks in Southwestern Poland (Nemec et al. 1980; 
Porebski 1984). 

In addition, the inverse-to-normally graded 
conglomerates are thought to reflect rapid depo
sition on a steep slope from the highly concentrated 
dispersion of elasts and sand. Furthermore, 
graded-stratified conglomerate and sand probably 
indicate slower deposition on lower-gradient, more 
distal slopes (Walker, 1975). 

According to the above Polish studies, ungraded 
conglomerates (which Walker (op. cit.) did not in-

elude in his model) and inversely-graded conglo
merates represent the proximal environment of the 
fan channel, and normally graded and graded
stratified deposits the distal facies; inverse-to
normal graded conglomerates, which are an im
portant part of many fan channels (see Walker, 
op. cit.), are considered an intermediate deposit. 
The proximal! distal nature of these conglomeratic 
sediments is also shown by the higher sand/gravel 
ratio and the smaller elast size of the gravel. 

In summary, all these features suggest that the 
Ilkonahonkallio member of the RjF deposited in 
the channelled mid-fan or, less probably, in the 
upper fan. Furthermore, graded and graded-strat
ified structures of the gravel-sand beds together 
with the smaller size and number of elasts in the 
north may indicate that transportation was from 
south to north. This is corroborated by the occur
rence of disorganized gravel beds in the south. 

Conclusions: 

As a whole, the RjF forms a progradational tur
bidite fan sequence starting with lower/ mid-fan 
sands overlain by mid-fan channel sands and 
gravels and associated levee-interchannel silts. 

REGIONAL SIGNIFICANCE OF THE SALAHMI SCHIST BELT 

There are three major problems in seeking to 
define significance of the Salahmi Schist Belt to 
general evolution of the Karelian supracrustal 
rocks in Central Finland: 1) The relation of the 
LmF to other Karelian quartzite formations; 2) 
The relation of the Salahmi Belt to the gneisses 
west of it; and 3) The correlation of the HjF and 
RjF with other Karelian flyschoidic deposits and 
their tectonosedimentary evolution. These prob
lems will be discussed in this order in the following . 

1) Provided that the regolith below the LmF 
represents the same period of chemical weathering 
that separates the Kainuu from the Sumi-Sariola 
in Kainuu and North Karelia it can be postulated 
that the thin LmF is correlative with the Kainuu 
quartzites and hence represents a relic of the 
southwestern rim of the Karelian platformal cover 
that seems to have faced to the north or northwest 
(Laajoki 1986a, 1988b). 

2) Recent mapping carried out by Luukas 
(1987) and our studies confirm Wilkman's (1929, 
1931) idea that the Salahmi schists are correlative 
with the Näläntö gneisses. This topic will be treated 
more fully in a separate paper (Laajoki and Luu-

kas, in press), suffice it to say in this context that 
the turbiditic Mataramäki gneiss (Fig. 2) can be 
traced as far as Loutemäki where it includes meta
chert and silicate iron-formation beds (Savolah
ti's (1965) quartzite with amphibolite interbeds, 
e.g. his Fig. 26). These gneisses seem to represent 
the deeper water equivalents of the HjF and are 
overlain by more pelitic gneis ses and schists cor
relative with the RjF. 

3) The HjF and RjF with their turbiditic litho
logies contrasts strongly with the LmF, suggesting 
a major unconformity between these units. Owing 
to its isolated position and the complicated tecto
nics of the surrounding areas, correlations of the 
HjF and RjF with the nearby Karelian areas are 
tentative only. Because of their flyschoidic nature 
it is most logical to include them in the Lower 
(HjF) and Middle (RjF) Kaleva tectofacies (cf. 
Laajoki 1988a) and correlate them with the con
glomerates, metasandstones and metapelites of the 
Kainuu Schist Belt (Kontinen 1986, Gehör and Ha
vola 1988), the metaturbidites of the Rahkajärvi 
Formation in the Kuopio area (Aumo 1983) and 
the conglomerates and mica schists of the Savo 
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province (Ward 1987). To make closer correlations
we shall have to wait more detailed petrographical
and chemical data of all these formations.

It is hard to tell with which parts of the turbidi-
tic sequences of the Northern Pohjanmaa Schist
Belt (Honkamo 1985) the RjF and the counter-
parting Itämäki schists could be correlated because
the Auho Fault Zone separates these areas from
each other. The Pohjanmaa Schist Belt contains
abundant turbiditic conglomerates which are, how-
ever, different lithologies from those of the Ilkon-
ahonkallio Member and those at Itämäki. Never-
theless, the latter have similarities with the Tai-
valkoski conglomerate high in the Kaleva tecto-
facies in the Peräpohja Schist Belt (Perttunen
1985). However, this occurrence is more than
150 km away (Fig. l), and thus simple lithostrati-
graphical correlations are not possible. In terms
of sedimentary tectonics these two occurrences
may be counterparts of the same late deposition-
al phase of the Kaleva tectofacies during which
the sediments derived from the Karelian forma-
tions and raised by movements associated with the
Kolalappidic or Svecokarelidic orogeny in northern
Finland were redeposited in a foredeep.

Another alternative is that the Salahmi meta-
turbidites represent axial zone facies of the Sve-
cofennidic foredeep, having migrated over the
outer arch erosional surface represented by the
stratigraphic gap between the LmF and the RjF

(Fig. 2l). As discussed by Laajoki (in press), it is
difficult to explain the Jormua Ophiolite Complex
and the lack of outer ramp sediments with this
model. The third alternative is that the bulk of the
Salahmi Belt represents basin-filling phase sed-
iments of a strike-slip basin cycle (cf. Reading
1980; Ward 1988). Kontinen 1986 interprets
the Kaleva metaturbidites overlying the Jormua
Complex in Kainuu as having been deposited in
a thermally subsiding rift basin. Because the RjF
and the Itämäki metaturbidites deposited on an
ensialic basement they seem to be more proximal
than the Kainuu deposits, provided, of course, that
these two occurrences are correlative. It is possible
that the relationship between the Kainuu and Sa-
lahmi occurrences is similar to that proposed by
Ward (1987) for the Savo and Höytiäinen prov-
inces, that is, they represent different early Pro-
terozoic basins.

Finally, the Salahmi Schist Belt records both the
platformal evolution stage of the Karelian forma-
tions (the LmF) and of the Kaleva foredeep or re-
lated tectofacies (the HjF and RjF) and hence
forms an important link between the Karelian
schist areas in Savo and North Karelia and those
in Northern Pohjanmaa and Peräpohja. The Belt
may also provide us with keys to solve the con-
troversial relationship between the Karelia/Savo
and Svecofennia schists in the Kiuruvesi area.

CONCLUSIONS

The Salahmi Schist Belt is a polyphase deformed
early Proterozoic supracrustal belt with primary
features locally well enough preserved to reveal
that its basal units are fluvial sands and that the
major pelitic part represents a subsea turbiditic sys-
tem.

To establish the stratigraphic and tectonosedi-
mentary relations of the belt to other Karelian belts

of similar lithologies (e.g. the Kuopio area, Aumo
1983; the Nuasjärvi Basin of the Kainuu Schist
Belt, Gehör and Havola 1988; Kontinen 1986 the
Northern Pohjanmaa Schist Belt, Honkamo 1985;
the Peräpohja Schist Belt, Perttunen 1985; and the
North Karelia area, Ward 1988) we shall have to
wait for regional structural geological and paleo-
sedimentological analyses.
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province (Ward 1987). To make doser correlations 
we shall have to wait more detailed petrographieal 
and chemical data of all these formations. 

It is hard to tell with which parts of the turbidi
tie sequences of the Northern Pohjanmaa Schist 
Belt (Honkamo 1985) the RjF and the counter
parting Itämäki schists could be correlated because 
the Auho Fault Zone separates these areas from 
each other. The Pohjanmaa Schist Belt contains 
abundant turbiditic conglomerates which are, how
ever, different lithologies from those of the Ilkon
ahonkallio Member and those at Itämäki. Never
theless, the latter have similarities with the Tai
valkoski conglomerate high in the Kaleva tecto
facies in the Peräpohja Schist Belt (perttunen 
1985). However, this occurrence is more than 
150 km away (Fig. 1), and thus simple lithostrati
graphical correlations are not possible. In terms 
of sedimentary tectonies these two occurrences 
may be counterparts of the same late deposition
al phase of the Kaleva tectofacies during which 
the sediments derived from the Karelian forma
tions and raised by movements associated with the 
Kolalappidic or Svecokarelidic orogeny in northern 
Finland were redeposited in a foredeep . 

Another alternative is that the Salahmi meta
turbidites represent axial zone facies of the Sve
cofennidic foredeep, having migrated over the 
outer ar eh erosional surface represented by the 
stratigraphie gap between the LmF and the RjF 

(Fig. 21). As discussed by Laajoki (in press), it is 
difficult to explain the Jormua Ophiolite Complex 
and the lack of outer ramp sediments with this 
model. The third alternative is that the bulk of the 
Salahmi Belt represents basin-filling phase sed
iments of a strike-slip basin cyc1e (cf. Reading 
1980; Ward 1988). Kontinen 1986 interprets 
the Kaleva metaturbidites overlying the Jormua 
Complex in Kainuu as having been deposited in 
a thermally sub si ding rift basin. Because the RjF 
and the Itämäki metaturbidites deposited on an 
ensialic basement they seem to be more proximal 
than the Kainuu deposits, provided, of course, that 
these two occurrences are correlative. It is possible 
that the relationship between the Kainuu and Sa
lahmi occurrences is similar to that proposed by 
Ward (1987) for the Savo and Höytiäinen prov
inces, that is, they represent different early Pro
terozoic basins. 

Finally, the Salahmi Schist Belt records both the 
platformal evolution stage of the Karelian forma
tions (the LmF) and of the Kaleva foredeep or re
lated tectofacies (the HjF and RjF) and hence 
forms an important link between the Karelian 
schist areas in Savo and North Karelia and those 
in Northern Pohjanmaa and Peräpohja. The Belt 
mayaiso provide us with keys to solve the con
troversial relationship between the Karelia/ Savo 
and Svecofennia schists in the Kiuruvesi area. 

CONCLUSIONS 

The Salahmi Schist Belt is a polyphase deformed 
early Proterozoie supracrustal belt with primary 
features locally weil enough preserved to reveal 
that its basal units are fluvial sands and that the 
major pelitic part represents a subsea turbiditie sys
tem . 

To establish the stratigraphie and tectonosedi
mentary relations of the belt to other Karelian belts 

of similar lithologies (e.g. the Kuopio area, Aumo 
1983; the Nuasjärvi Basin of the Kainuu Schist 
Belt, Gehör and Havola 1988; Kontinen 1986 the 
Northern Pohjanmaa Schist Belt, Honkamo 1985; 
the Peräpohja Schist Belt, Perttunen 1985; and the 
North Karelia area, Ward 1988) we shall have to 
wait for regional structural geologie al and paleo
sedimentological analyses. 
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The early Proterozoic Kurkikylä Group represents the earliest volcanic-
sedimentary succession of the Kainuu Schist Belt in northern Finland. It
consists of the deposits of an intracratonic rift basin and is divided into
three overlapping formations. Basaltic to andesitic lavas of the Matinvaara
Formation (300-400 m) erupted during active rifting. The Laanhongikko
Formation (300-400 m) and the Ahven-Kivilampi Formation (50-150
m) comprise mainly alluvial fans and deposits of proximal braided rivers.
The lower units of the latter were deposited during active volcanism. At
the end of the first transgression, sedimentation took place in a distal al-
luvial setting with floodplains and lacustrine basins. Some parts of the fines
show a disturbed character, suggesting subaqueous resedimentation.

The following peneplanation was dominated by intense chemical weath-
ering. A new period of tectonic activity exposed the weathered crust to
erosion. The mature Paljakkavaara Formation (800-1200 m) of the Kai-
nuu Group consists of alluvial fans and deposits of braided rivers. These,
together with the overlying Arkosite Formation, form an opening clastic
wedge. The Kainuu Group consists of restricted, marginal deposits on a
divergent continental margin. At a narrow ocean basin stage, sedimenta-
tion was controlled by reactivation of earlier rift faults. The bottom 50-
150 m of the Arkosite Formation was deposited in the distal part of an
alluvial plain.

The sedimentary rocks of the study area attest to both an eventful tectonic
history and climatological changes for the lowest Karelian formations.

Key words: metasedimentary rocks, sedimentation, tectonics, lithostrati-
graphy, lithofacies, sedimentary basins, Proterozoic, Puolanka, Kurkikylä,
Suomussalmi, Kainuu, Finland.
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INTRODUCTION

This paper discusses the results of sedimento-
logical studies of the northeastern part of the Kai-
nuu Schist Belt in northern Finland. The Kainuu
Schist Belt is one of the early Proterozoic schist
areas in Finland consisting of metasediments and
metavolcanics and commonlv known as the Ka-

relian formations (Fig. l). They are located in
eastern and northern Finland and were deposited
on the late Archaean basement. Facies and basin
analysis methods were applied to the rocks to
interpret their sedimentary history and tectonic
setting.
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Previous work on the study area comprises
lithostratigraphical studies by Laajoki (1973, 1980)
and Laajoki et al. (1983) and genetic interpreta-
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REGIONAL AND STRATIGRAPHICAL SETTING

The study area is located within the munici-
palities of Suomussalmi and Puolanka in north
Kainuu. The geological setting and the lithostratig-
raphy of the northern part of the Kainuu Schist
Belt are as follows (Fig. 2): (1) the Eastern Base-
ment Gneiss Complex, consisting mainly of late
Archaean granitoids; (2) the Western Paragneis-
ses; (3) the Kurkikylä Group, including Sariola-
type metasediments and Sumi-type metalavas; and
(4) the Karelian formations situated between the
above-mentioned units. In the northeastern mar-
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gin of the belt the Karelian formations are com-
posed of sericite-rich quartzites with qvartz pebble
conglomerates of the Kainuu Group and of arko-
sites and Jatuli-type quartzites of the East Puo-
lanka Group (Laajoki et ol. 1983).

The Kurkikylä Group is one of the earliest Ka-
relian units on the Eastern Basement Gneiss Com-
plex and is divided into three overlapping forma-
tions (Fig. 1): (l) the Laanhongikko Formation
(300-400 m), which is composed of basal brec-
cias, conglomerates, arkosites and sericite schists;
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Fig. I . Simplified map showing the distribution of the formations of the study area. The numbers refer to the areas of detailed study.
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tions by Strand (1985). Some sedimentological re-
sults are given in Laajoki (1984, 1986).
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ment Gneiss Complex, consisting mainly of late 
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FORMATIONS:

1. Laanhongikko
2. Matinvaara
3. Ahven-Kivilampi
4. Paljakkavaara
5. Arkosite Fm.
6. Quartzite I
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(2) the Matinvaara Formation, which consisting
of mainly massive or amygdaloidal basaltic to an-
desitic metalavas, 300-500 m thick, that occur on
the basement and basal breccias; and (3) the Ah-
ven-Kivilampi Formation (50-150 m), which is
composed of volcanic conglomerates and volca-
niclastic arkosites.

The Kainuu Group, in turn is one of the mature
sedimentary units that unconformably overlie the

Lithology

Gneissic granitoids etc.

Paragneisses etc.

Arkosite

Sericite quartzite

O uartz it e

Dolomite-phyllite- <rD <D
BIF- quartzite association €a €,
Phyllite and mica schist

Pelitic metaturbidite

Arkositic metaturbidite

Basic metalavas

Karelidic granite & pegmatite

Basal conglomerate
Quartz-pebble conglomerate
Conglomerate with basement gneiss
and quartzite ohenoclasts
Conglomerate with quartzite
and schist ohenoclasts
Volcanic conglomerate

Kurkikylä Group. The Paljakkavaara Formation
(800-1200 m) is composed of qtrartz pebble con-
glomerates, sericite quartzites with a small amount
of kyanite, coarse orthoquarzites and feldspar
quartzites. This formation is unconformably over-
lain by the Arkosite Formation of the East Puo-
lanka Group, which consists of polymictic con-
glomerates, arkosites and phyllites with a thick-
ness of 50-150 m (Fig. l).

LITHOFACIES CHARACTERISTICS

The lithofacies codes used here are modified
after Miall (1977, 1978a, 1984), and Eyles et al.
(1983). The codes consists of a capital letter for

AND ASSOCIATIONS

the modal grain size and one or two lower case
letters referring to the principal sedimentary struc-
ture or distinctive texture (Table l). Each lithofa-

Salmiiärvi

Fig. 2. Lithostratigraphy of the northern part of the Kainuu Schist Belt (Laajoki et al. 1983). Th.e
study discusses formations 1 to 5.
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Fig . 2. Lithostraligraphy of the northern part of the Kainuu Sehist Belt (Laajoki et al. 1983). The 
study diseusses formations 1 10 5. 

(2) the Matinvaara Formation, which consisting 
of mainly massive or amygdaloidal basaltic to an
desitic metalavas, 300-500 m thick, that occur on 
the basement and basal breccias; and (3) the Ah
ven-Kivilampi Formation (50-150 m), which is 
composed of volcanic conglomerates and volca
niclastic arkosites. 

The Kainuu Group, in turn is one of the mature 
sedimentary units that unconformably overlie the 

Kurkikylä Group. The Paljakkavaara Formation 
(800-1200 m) is composed of quartz pebble con
glomerates, sericite quartzites with a small amount 
of kyanite, coarse orthoquarzites and feldspar 
quartzites. This formation is unconformably over
lain by the Arkosite Formation of the East Puo
lanka Group, which consists of polymictic con
glomerates, arkosites and phyllites with a thick
ness of 50-150 m (Fig. 1). 

LITHOFACIES CHARACTERISTICS AND ASSOCIATIONS 

The lithofacies codes used here are modified 
after MiaU (1977, 1978a, 1984), and Eyles et al. 
(1983). The codes consists of a capitalletter for 

the modal grain size and one or two lower case 
letters referring to the principal sedimentary struc
ture or distinctive texture (Table 1). Each lithofa-
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cies represents an individual depositional event and
can be interpreted in terms of its hydrodynamic
origin. Lithofacies associations, in contrast, are
the products of specific depositional environments.
The method has been successfully used in analys-
ing recent and ancient clastic deposits (Reading
1978; Miall 1984, Walker 1984). Detailed litho-
facies schemes and models have been established
for fluvial deposits (e.g. Cant & Walker 1976;
|l{iall1977, 1978a, 1985; Jackson 1978; Rust 1978,
1984).

The lithofacies of the study area can be broadly
grouped into five lithofacies associations, Gl to
G5. The following caption names for these are
based on two or three characteristic lithofacies.
The corresponding formation, or part of it, is given
in parentheses. The sedimentological work treats
the metamorphic sedimentary rocks with their pri-
mary names, in accordance with their modal grain
size.

Description: Facies association Gl (Fig. 3) be-
gins with massive basal breccia. Angular debris is
due to the physical weathering of underlying tona-
lites. Breccias are replaced by a 20-50 m thick
sequence of clast-supported, pebble-cobble con-
glomerates (Gm; Fig. 4) and interbeds of graded,
diamictitic conglomerates (Gms). The matrix is fine-
sandy to silty, and clasts are up to 30 cm in di-
ameter.

Medium to coarse-grained sandstones are large-
scale, low-angle cross-bedded or horizontal bed-
ded (St-Sh) rocks. Grain size distribution is bimo-
dal. The 10-20 cm interbeds of Gm are weakly
imbricated. The sandy deposits of Gl are up to
5-80 m thick.

Interpretation: Gl is characterizedby poor sort-
ing and angular clasts. Together with clast com-
position this suggests a proximal source area. Gl

Table l. Lithofacies and codes used in this study (modified after Miall
1977, 1978a, 1984 and Eyles e/ al. 1983).

Lithofacies of conglomerates:

- matrix-supported, massive or graded
conglomerate

- clast-supported, massive or crudely bedded
conglomerate

- trough cross-bedded conglomerate

- planar cross-bedded conglomerate
Lithofacies of sandstones:

- trough cross-bedded sandstone

- planar cross-bedded sandstone

- crudely bedded sandstone

- horizontal bedded or laminated sandstone

- rippled sandstone

- massive sandstone

- graded sandstone
Lithofacies of fine sandstones, siltstones and
mudstones:

- laminated or rippled fines

- massive fines
Other lithofacies:

- carbonate (pedogenic features)

Code:

Gms

Gm
Gt
Gp

St
Sn

St-Sh
Sh
Sr
Sm
So

FI
Fm

P

Gl: Matrix-supported conglomerate - crudely bedded sandstone association
(the lower parts of the Laanhongikko Formation)

is interpreted as alluvial fans deposited by proxi-
mal braided streams. Eroded weathering crust and
basal breccias provided material for lithofacies
Gms and Gm. Lithofacies Gms is made up of de-
bris flows (Miall 1978a). Floods also deposited
matrix-poor gravels (Gm) and infiltration of fines
may have taken place later (Hooke 1967; Larsen
& Steel 1978). Lithofacies Gm, in the upper part
of Gl, consists of channel lag deposits and longi-
tudinal bars or their erosional remnants (Miall
1977). Crudely bedded sandstones (St-Sh) are
sandy sheets of midfans (Heward 1978).

According to the terminology of Miall (1977,
1978a), Gl contains elements of both Trollheim
and Scott-type braided rivers. Upward fining in-
dicates vertical aggradation and gradual abandon-
ment of the fans. This event is succeeded bv facies
association G3.

G2: Matrix-supported conglomerate - crudely bedded sandstone association
(the Ahven-Kivilampi Formation)

Description: Clasts of facies association G2 (Fig.
5) derive from both the basement and lavas of the
Matinvaara Formation. Diamictitic, poorly sorted
conglomerates (Gms) are composed of pebble to
boulder-sized angular clasts embedded in a fine,
volcaniclastic matrix. This lithofacies shows rather

78

local distribution and, together with lithofacies Gm
forms, a succession 10-40 m thick.

The overlying clast-supported, pebble-cobble
conglomerates (Gm) have sand to granule-grade
matrix. Clasts are more rounded than the clasts
below. Conglomerates are interbedded with coarse,
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cies represents an individual depositional event and 
can be interpreted in terms of its hydrodynamic 
origin. Lithofacies associations, in contrast, are 
the products of specific depositional environments. 
The method has been successfully used in analys
ing recent and ancient elastic deposits (Reading 
1978; Miall 1984, Walker 1984). Detailed litho
facies schemes and models have been established 
for fluvial deposits (e.g. Cant & Walker 1976; 
MiallI977, 1978a, 1985; Jackson 1978; Rust 1978, 
1984). 

The lithofacies of the study area can be broadly 
grouped into five lithofacies associations, GI to 
G5. The following caption names for these are 
based on two or three characteristic lithofacies. 
The corresponding formation, or part of it, is given 
in parentheses. The sedimentological work treats 
the metamorphic sedimentary rocks with their pri
mary names, in accordance with their modal grain 
size. 

Table 1. Lithofacies and codes used in this study (modified after Miall 
1977. 1978a. 1984 and Eyles et 01. 1983) . 

Lithofacies of cong1omerates : Code : 
- matrix-supported . massive or graded 

conglomerate Gms 
- clast-supported . massive or crudely bedded 

conglomerate Gm 
- trough cross-bedded conglomerate Gt 
- planar cross-bedded conglomerate Gp 

Lithofacies of sandstones: 
- trough cross-bedded sandstone St 
- planar cross-bedded sandstone Sp 
- crudely bedded sandstone St-Sh 
- horizontal bedded or laminated sandstone Sh 
- rippled sandstone Sr 
- massive sandstone Sm 
- graded sandstone Sg 

Lithofacies of fine sandstones. si ltstones and 
mudstones: 

- laminated or rippled fines Fl 
- massive fines Fm 

Other lithofacies: 
- carbonate (pedogenic features) P 

G1: Matrix-supported conglomerate - crudely bedded sandstone association 
(the lower parts of the Laanhongikko Formation) 

Description: Facies association GI (Fig. 3) be
gins with massive basal breccia. Angular debris is 
due to the physical weathering of underlying tona
lites . Breccias are replaced by a 20-50 m thick 
sequence of elast-supported, pebble-cobble con
glomerates (Gm; Fig. 4) and interbeds of graded, 
diamictitic conglomerates (Gms). The matrix is rme
sandy to silty, and elasts are up to 30 cm in di
ameter. 

Medium to coarse-grained sandstones are large
scale, low-angle cross-bedded or horizontal bed
ded (St-Sh) rocks. Grain size distribution is bimo
da!. The 10-20 cm interbeds of Gm are weakly 
imbricated. The sandy deposits of Glare up to 
5-80 m thick. 

Interpretation: GI is characterized by poor sort
ing and angular elasts . Together with elast com
position this suggests a proximal source area. GI 

is interpreted as alluvial fans deposited by proxi
mal braided streams. Eroded weathering crust and 
basal breccias provided material for lithofacies 
Gms and Gm. Lithofacies Gms is made up of de
bris flows (Miall 1978a). Floods also deposited 
matrix-poor gravels (Gm) and infiltration of fines 
may have taken place later (Hooke 1967; Larsen 
& Steel 1978). Lithofacies Gm, in the upper part 
of GI, consists of channellag deposits and longi
tudinal bars or their erosional remnants (Miall 
1977). Crudely bedded sandstones (St-Sh) are 
sandy sheets of midfans (Heward 1978). 

According to the terminology of Miall (1977, 
1978a), GI contains elements of both Trollheim 
and Scott-type braided rivers. Upward fining in
dicates vertical aggradation and gradual abandon
ment of the fans. This event is succeeded by facies 
association G3. 

G2: Matrix-supported conglomerate - crudely bedded sandstone association 
(the Ahven-Kivilampi Formation) 

Description: Clasts of facies association G2 (Fig. 
5) derive from both the basement and lavas of the 
Matinvaara Formation. Diamictitic, poorly sorted 
conglomerates (Gms) are composed of pebble to 
boulder-sized angular elasts embedded in a fine, 
volcanielastic matrix. This lithofacies shows rather 
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local distribution and, together with lithofacies Gm 
forms, a succession 10-40 m thick. 

The overlying elast-supported, pebble-cobble 
conglomerates (Gm) have sand to granule-grade 
matrix. Clasts are more rounded than the elasts 
below. Conglomerates are interbedded with coarse, 
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horizontally-bedded or low-angle cross-bedded
sandstones (St-Sh; Fig. 6).

Interpretation: G2 consists of alluvial fans. The
upper part is a more transported, separate proxi-
mal braided river assemblage redeposited from ear-
lier units.

The strongest debris flows (Gms) transported
boulders up to l-1.5 m in diameter. Clast-sup-
ported conglomerates (Gm) comprise gravel bars
and lags of the channels. Lithofacies St and Sh
formed during the waning stages of individual
floods (Eriksson 1978). Crude horizontal bedding

implies short-lived upper flow regimes. Cross-
bedded pebbly sands migrated between gravel bars
(Boothroyd & Ashley 1975).

Some of the lowermost volcaniclastic conglo-
merates (Gms) deposited during active volcanism.
The absence of pyroclastics and lava interbeds in-
dicates that the bulk of G2 deposited after volca-
nism.

G2 is of Scott-type and, in its lower parts,
Trollheim-type fluvial style (Miall 1978a). Changes
in flow conditions caused facies association G3 to
migrate over G2.

G3: Clast-supported conglomerate - laminated fines association
(the upper parts of the Laanhongikko Formation)

Description: The conglomerates of facies asso-
ciation G3 (Fig. 7) are mostly clast-supported and
show weak horizontal bedding (Gm). Pebble sized
clasts are of gneissic tonalites and fragments of
sericite schists. The lower gravelly unit ranges from
l0 to 100 m in thickness. This is overlain by a suc-
cession, 80-150 m thick, of fine-grained rocks

containing the following lithofacies: fine-grained
laminated (Sh) and rippled sandstones (Sr), and
massive (Fm) and laminated fines (Fl). Within this
succession there is a 5-10 m thick unit of graded,
partly matrix-supported conglomerates (Gms-Gm)
and graded (Sg) to massive sandstones (Sm) (Fig.
8A). Their clasts are well rounded, mainly gneis-
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Fig. 5. Facies association G2 and its interpretation. Arrows indicate cyclicity.
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horizontally-bedded or low-angle cross-bedded 
sandstones (St-Sh; Fig. 6). 

Interpretation: G2 consists of alluvial fans. The 
upper part is a more transported, separate proxi
mal braided river assemblage redeposited from ear
lier units. 

The strongest debris flows (Gms) transported 
boulders up to 1-1.5 m in diameter. Clast-sup
ported conglomerates (Gm) comprise gravel bars 
and lags of the channels. Lithofacies St and Sh 
formed during the waning stages of individual 
floods (Eriksson 1978). Crude horizontal bedding 

implies short-lived upper flow regimes. Cross
bedded pebbly sands migrated between gravel bars 
(Boothroyd & Ashley 1975). 

Some of the lowermost volcanielastic conglo
merates (Gms) deposited during active volcanism. 
The absence of pyroclastics and lava interbeds in
dicates that the bulk of G2 deposited after volca
nism. 

G2 is of Scott-type and, in its lower parts, 
Trollheim-type fluvial style (MiallI978a). Changes 
in flow conditions caused facies association G3 to 
migrate over G2. 

G3: Clast-supported conglomerate - lamina ted fines association 
(the upper parts of the Laanhongikko Formation) 

Description: The conglomerates of facies asso
ciation G3 (Fig. 7) are mostly clast-supported and 
show weak horizontal bedding (Gm). Pebble sized 
elasts are of gneissic tonalites and fragments of 
sericite schists. The lower gravelly unit ranges from 
10 to 100 m in thickness. This is overlain by a suc
cession, 80-150 m thick, of fine-grained rocks 

containing the following lithofacies: fine-grained 
laminated (Sh) and rippled sandstones (Sr), and 
massive (Fm) and laminated fines (Fl). Within this 
succession there is a 5-10 m thick unit of graded, 
partly matrix-supported conglomerates (Gms-Gm) 
and graded (Sg) to massive sandstones (Sm) (Fig. 
8A). Their elasts are well rounded, mainly gneis-

80 

Litho- Section 
facies 

Sh __ _ 

Gm---

St-Sh-

Gm---

Gms--

f ,ine sand 
medium 
coarse sand 
gravel 

Sedimentary structures Thickness Interpretation 
(m) 

pebbly, crude horizontal 
bedding 

crudely bedded -----

I 

---planar bed flow 
20-60 (upper flow regime) 

----lag deposits, 
longitudinal bars 

'

20-50 

large-scale, low-angle - ----stream deposits; 
crossbedding, crude lag deposits, 
horizontal bedding scour fills 
crudely bedded ----- ---debris flow and 

lag deposits 
,:l; 

diamictitic------- --- debris flow deposits g 
10-40 

H 
H 
,:l; 

Fig. 5. Facies association G2 and its interpretation. Arrows indicate cyclicity. 



Litho-
facies

Geological Survey of Finland, Special Paper 5

Alluvial sedimentation and tectonic setting of the early Proterozoic Kurkikylä and Kainuu Groups in northern Finland

Fig. 6. Volcaniclastic clast-supported conglomerate (Gm) of facies association G2 with crudely bedded sand-
stone interbeds (St-Sh). Label 16.5 cm. Photo K. Strand.
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Fig. 6. Volcaniclastic clast-supported conglomerate (Gm) of facies association G2 with crudely bedded sand
stone interbeds (St-Sh). Label 16 .5 cm. Photo K. Strand. 
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Fig. 8 A. Succession of graded, partly matrix-supported conglomerate (Gms-Gm), massive sandstone (Sm) and fines (Fm) from facies asso-
ciation G3. B. Layer of fines (Fm) with sunken clasts and synsedimentary faults. Label 16.5 cm. Photos K. Strand.

sic tonalites, though some volcaniclastic fragments
are also found. The fines immediately overlying
the massive sandstones contain sandy lenses,
sunken clasts and synsedimentary faults (Fig. 8B).

The fines, according to the major element
geochemistry, show average maturities. The chem-
ical index of alteration (CIA) of Nesbitt & Young
(1982) ranges from72 to 88. The chloritoid schists
have high values (86) resembling those of residual
clays (Table 2). According to Nesbitt & Young
(1982), the CIA of the average shale is about 70,
and that of glacial clays is less than 70. In the study
area, the great variation is due to postdepositional
chemical weathering and changes in its intensity.
Deposits are free from feldspar, but relicts can be
seen as sericite and carbonate.

Interpretation: The conglomeratic unit com-
prises deposits of braided streams on an alluvial
plain. Fragments of fines in the gravels prove that

82

overbank and drape deposits were reworked by
later flooding. The succession Sh, Sr, Fl, Fm re-
peats itself several times and is interpreted as being
composed of distal alluvial plain and lacustrine de-
posits. Lithofacies Gms, Gm, Sg, Sm were depo-
sited by fluidized mass flows. The material was
redeposited subaqueously. Disturbed beds, sandy
lenses and sunken clasts in the fines may suggest
deposition under periglacial or glacial influence.
More evidence (e.9. dropstone structures) is needed
before the sedimentation of this unit can be fully
understood.

G3 seems to represent an alluvial plain and
lacustrine system elongated longitudinally to the
basin axis (Steel el ol. 1977: Larsen & Steel 1978).
After deposition, chemical weathering preceded
the deposition of the subsequent mature facies as-
sociation G4.
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sic tonalites, though some volcanielastic fragments 
are also found. The fines immediately overlying 
the massive sandstones contain sandy lenses, 
sunken elasts and synsedimentary faults (Fig. 8B). 

The fines, according to the major element 
geochemistry, show average maturities. The chem
ical index of alteration (CIA) of Nesbitt & Young 
(1982) ranges from 72 to 88 . The chloritoid schists 
have high values (86) resembling those of residual 
elays (Table 2). According to Nesbitt & Young 
(1982) , the CIA of the average shale is about 70, 
and that of glacial elays is less than 70. In the study 
area, the great variation is due to postdepositional 
chemical weathering and changes in its intensity. 
Deposits are free from feldspar , but relicts can be 
seen as sericite and carbonate. 

Interpretation: The conglomeratic unit com
prises deposits of braided streams on an alluvial 
plain. Fragments of fines in the gravels prove that 
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overbank and drape deposits were reworked by 
later flooding. The succession Sh, Sr, FI, Fm re
peats itself several times and is interpreted as being 
composed of distal alluvial plain and lacustrine de
posits. Lithofacies Gms, Gm , Sg, Sm were depo
sited by fluidized mass flows. The material was 
redeposited subaqueously. Disturbed beds, sandy 
lenses and sunken elasts in the fines may suggest 
deposition under periglacial or glacial influence. 
More evidence (e.g. dropstone structures) is needed 
before the sedimentation of this unit can be fully 
understood. 

G3 seems to represent an alluvial plain and 
lacustrine system elongated longitudinally to the 
basin axis (Steel et al. 1977; Larsen & SteelI978). 
After deposition, chemical weathering preceded 
the deposition of the subsequent mature facies as
sociation G4. 
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Table 2.A. Values of chemical index of alteration (CIA) and B. Chemical analyses for the fines of the Laanhongikko and the paljakkavaa-
ra formations. In the upper part of diagram CIA values for various other rocks and sediments according to Nesbitt & young (1982).
CIA : (AlrO3/(Al2O3 + CaO* + NarO + KrO) ' 100 as molecular proportions where CaO* is the amount of CaO incorporated in the
silicate fraction of the rock. Chemical analyses as weight q0 at Department of Geology, University of Oulu by SRM-18-XRF unit. FerO{:
total Fe as Fe"O".

A. residual clays (6)
Amazon cone
average shale

muds (3) aaa

Pleistocene varved
Pleistocene glacial
Pleistocene tills (9)

sericite schist. 8.

clays (2)
clays (20)

Archean shield, N.W. Ontario

Paljakkavaara Formation

kyanite quartzite, 6.

chloritoid schist, 4.

sericite phyllite, 7

sericite phyllite, 3.

andalusite kyanite quartzite, 5.

Laanhongikko Formation

sericite schist, 2.

sericite schist, l.
CIA 807060\tl

8.2.1.B. 6. 7.

sio,
Tio2
Al2o3
FerOf
MnO
Mgo
CrrO,
CaO
Naro
KrO
BaO
P:Ot
Loss of ignition
total
CIA

/).)
0.36

12.9
2.44
0.070
2.3
0.049
3.41
l.l
2.58
0.05
0.t32
6.21

100.9
72

62.1

0.48
14.3

5.86
0.211
6.1
0.070

10.54
0.2
1.27

0.06
0.084

13.40
101.3
88

75.6
0.79

18. I
0.91
0.00s
U.J

0.058
0. l9
1.4

2.95
0.06
0.134
2.44

100.5

76

69.0
0.82

18.7
8. l0
0.062
1.0
0.045
o.57
0.2
1.46

0.04
0.347
2.25

100.3

86

81.3
0. l8

16. I
0.83
0.001
0.0
0.026
0.00
0.0
1.35

0.03
0.045
t{R

99.9
92

82.6
0.17

14.8

1.23

0.001
0.0
0.031
0.00
0.0
0.35
0.03
0.046
0.79

99.3
98

67.r
0.81

22.8
1.34
0.004
0.0
0.065
0.07
0.1

5.63
n.d
0.0
2.8

97.9
79

74.6
0.43

18.0
0.80
0.001

0.0
0.030
0.00
0.5
4.t3
0.07
0.024
2.2s

98.6
77

G4: Quartz pebble conglomerate - through cross-bedded sandstone association
(the Paljakkavaara Formation)

Description: Facies association Ga Gig. 9)
shows clear upward fining cycles and palaeocur-
rents from the northeast. Lithofacies Gms occurs
at the lowest levels overlying fines (Sh, Fl). An-
gular to rounded, pebble to cobble-size vein quaftz
clasts are scattered in a medium to coarse sand
matrix (Fig. 10). Clast-supported conglomerates
are either massive (Gm) or trough cross-bedded
(Gt). Set thickness ranges from 0.2 to 5 m and
superimposed gravel beds are up to 20 m thick.
They can be traced laterally for tens to several
hundreds of metres. Clasts are mainly subrounded
and better sorted than in Gms (Fig. l0).

Sandstones are medium to very coarse grained
and bimodal. The coarsest units are horizontally
bedded (Sh). Trough (St; Fig. 1l) and planar cross-

bed sets (Sp; Fig. 12) are either solitary or occur
in groups. Allocyclicity can be seen where a suc-
cession Gm, Sp, St, Sh, Fm is built up on and be-
side fines (Sr, Fl, Fm) in the upper parts (Fig. 12).
Sp sets have reactivation surfaces and partly
eroded lower contacts. The fines show ball-and-
pillow and flame structures. Asymmetric ripples
with short ripple lengths are caused by wave ac-
tion. Upward coarsening autocycles occur where
succession Sr, Sh, St occurs without major internal
erosion (Fig. 1l A).

The aluminous nature of the lower parts of the
Paljakkavaara Formation indicates chemical weath-
ering in the source area. Quartz clasticity means
that the material was mature before deposition.
As shown by major element geochemistry, the fines
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Table 2.A. Values of chemical index of alteration (CIA) and B. Chemical analyses for the fines of the Laanhongikko and the Paljakkavaa
ra format ions. In the upper part of diagram C IA values for various other rocks and sediments according to Nesbitt & Young (1982) . 
CIA = (AI,OJ/ (AI,O) + CaO' + Na,O + K,O)) . 100 as molecular proportions where CaO' is the amount of CaO incorporated in the 
silicate fract ion of the rock. Chemical ana lyses as weight "70 at Department of Geology, University of Oulu by SRM -18-X RF uni!. Fe,Ot: 
total Fe as Fe,OJ' 

A. residual clays (6) _______ _ 
Amazon co ne muds (3) ____ _ ... 
average sha le ________ _ .... 
Pleistocene varved clays (2) ___ _ 
Pleistocene glacial clays (20) ___ _ 
Pleistocene tills (9) ______ _ • 
Archean shield, N.W. Ontario __ _ 

Paljakkavaara Formation 
sericite schist, 8. ______ _ 
sericite phyllite, 7. _____ _ 
kyanite quartzite, 6. _____ _ 
andalusite kyanite quartzite, 5. __ 

Laanhongikko Formation 
chloritoid schist, 4. _____ _ 
sericite phyllite, 3. _____ _ 
sericite schist, 2. ______ _ 
sericite schist, I. ______ _ 

CIA 40 50 60 70 80 90 100 

B. I. 2. 3. 4. 5. 6 . 7. 8. 

SiO, 75.5 62.1 75.6 69.0 81.3 82.6 67.1 74.6 
TiO, 0.36 0.48 0.79 0.82 0 .1 8 0.17 0.81 0.43 
AI ,O) 12.9 14.3 18 .1 18.7 16. 1 14.8 22.8 18. 0 
Fe,Ot 2.44 5.86 0.91 8.10 0.83 1.23 1.34 0.80 
MnO 0.ü70 0.2 11 0.005 0.062 0.001 0.001 0.004 0.001 
MgO 2.3 6.1 0.3 1.0 0.0 0.0 0.0 0.0 
Cr,O) 0.049 0.ü70 0.058 0 .045 0.026 0.031 0.065 0.030 
CaO 3.41 10.54 0.19 0.57 0.00 0.00 0.07 0.00 
Na,O 1.1 0.2 1.4 0.2 0.0 0.0 0. 1 0.5 
K,O 2.58 1.27 2.95 1.46 1.35 0.35 5.63 4.13 
BaO 0.05 0.06 0.06 0.04 0.03 0 .03 n.d 0.07 
p,os 0 .132 0.084 0.134 0.347 0.045 0.046 0.0 0.024 
Loss of ignition 6.21 13.40 2.44 2.25 2.58 0.79 2.8 2.25 
to tal 100.9 101 .3 100.5 100.3 99.9 99.3 97.9 98 .6 
CIA 72 88 76 86 92 98 79 77 

G4: Quartz pebble conglomerate - through cross-bedded sandstone association 
(the Paljakkavaara Formation) 

Description: Facies association G4 (Fig. 9) 
shows elear upward fining cyeles and palaeocur
rents from the northeast. Lithofacies Gms occurs 
at the lowest levels overlying fines (Sh, FI). An
gular to rounded, pebble to cobble-size vein quartz 
elasts are scattered in a medium to coarse sand 
matrix (Fig . 10). Clast-supported conglomerates 
are either massive (Gm) or trough cross-bedded 
(Gt). Set thickness ranges from 0.2 to 5 m and 
superimposed gravel beds are up to 20 m thick. 
They can be traced laterally for tens to several 
hundreds of metres. Clasts are mainly subrounded 
and better sorted than in Gms (Fig. 10). 

Sands tones are medium to very coarse grained 
and bimodal. The coarsest units are horizontally 
bedded (Sh). Trough (St; Fig. 11) and planar cross-

bed sets (Sp; Fig. 12) are either solitary or occur 
in groups. Allocyelicity can be seen where a suc
cession Gm, Sp, St, Sh, Fm is built up on and be
side fines (Sr, FI, Fm) in the upper parts (Fig. 12). 
Sp sets have reactivation surfaces and partly 
eroded lower contacts. The fines show ball-and
pillow and flame structures. Asymmetric ripples 
with short ripple lengths are caused by wave ac
tion. Upward coarsening autocyeles occur where 
succession Sr, Sh, St occurs without major internal 
erosion (Fig. 11 A). 

The aluminous nature of the lower parts of the 
Paljakkavaara Formation indicates chemical weath
ering in the source area. Quartz elasticity means 
that the material was mature before deposition. 
As shown by major element geochemistry, the fines 
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Fig. 9. Facies association G4 and its interpretation. Arrows indicate cyclicity
arrows: planar cross-bedding; dashed lines: imbrication.
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are free of Na, K and Mg (Table 2). Together with
the high Al and FelMg ratio this is typical of
chemically weathered material (Gay & Grandstaff
1980; Schau & Henderson 1983). Locally high K
contents are due to clay mineral reactions with
groundwater during diagenesis (Koryakin l97l).
CIA values range from 77 to 98. The highest
values, 92 and 98, were obtained from the alumi-
nous quartzites of the weathering zone. Some of
them have quartz pebble interbeds and bedforms
made up of very slightly transported materials of
the weathering crust.
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Interpretation: After a short regression there was
a rapid start to the next transgressive braided
fluvial cycle. Poorly sorted, massive conglomerates
(Gms) with sandy matrixes consist of mass flow
deposits of heavy floods; these are often redepo-
sited from earlier debris flows (Eriksson 1978). The
superimposed longitudinal bars (Gm) typical of
braided rivers can be traced laterally for several
hundreds of metres. Lithofacies Gt fills smaller
channels.

Lithofacies Sp is made up of linguoid and trans-
verse bars of shallowing channels. Linguoid travel
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Fig. 9. Facies association G4 and its interpretation. Arrows indicate cycl icity. Palaeocurrents: solid arrows: trough cross-bedding; dashed 
arrows: planar cross-bedding; dashed lines: imbrication. 

are free of Na, K and Mg (Table 2). Together with 
the high Al and Fe/Mg ratio this is typical of 
chemically weathered material (Gay & Grandstaff 
1980; Schau & Henderson 1983). Locally high K 
contents are due to cIay mineral reactions with 
groundwater during diagenesis (Koryakin 1971). 
CIA values range from 77 to 98. The highest 
values, 92 and 98, were obtained from the alumi
nous quartzites of the weathering zone. Some of 
them have quartz pebble interbeds and bedforms 
made up of very slightly transported materials of 
the weathering crust. 
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Interpretation: After a short regression there was 
a rapid start to the next transgressive braided 
fluvial cycIe. Poorly sorted, massive conglomerates 
(Gms) with sandy matrixes consist of mass flow 
deposits of heavy floods; these are often redepo
sited from earlier debris flows (Eriksson 1978). The 
superimposed longitudinal bars (Gm) typical of 
braided rivers can be traced laterally for several 
hundreds of metres. Lithofacies Gt fills smaller 
channels. 

Lithofacies Sp is made up of linguoid and trans
verse bars of shallowing channels. Linguoid travel 



Geological Survey of Finland, Special Paper 5

Alluvial sedimentation and tectonic setting of the early Proterozoic Kurkikylä and Kainuu Groups in northern Finland

1. Gms 2. Gms 3. Gm 4. Gt
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is implied by the presence of reactivation surfaces
and partly eroded lower contacts, where as the
transverse bars have straighter ripple crests.
Trough cross-bedding (St) was formed by migra-
tion of dunes (Smith 1974; Cant & Walker 1976;
Miall 1977). Lithofacies Fm consists of drape de-
posits on sandy bars and dunes. Thick (0.5-l m)
units of Fl are overbank deposits.

tOcO{N|oO.t
3sto-

Expressed as Miall's (1978a) vertical profiles,
G4 transgressively changes from Scott through
Donjek to South Saskatchewan type. The proxi-
mal, horizontally bedded sandstone (Sh) succes-
sion seems to represent the Bijou Creek type.
Gravelly material was not available, and repeated
flash floods deposited coarse sand as plane beds.

3 3üSg-o
CIF

33üsP-o
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tn e IOO-

Fig. 10. Distributions of clast sizes (mm) and roundnesses in conglomerates of facies association C4.
(0: very angular, l: angular, 2: subangular, 3: subrounded, 4: rounded, 5: very rounded).

A 5Ocm

Fig. ll A. Autocyclic lithofacies succession Sr, Sh, St of facies association G4. B. Grouped trough cross-bedded sets of G4 with granule-

size vein quartz clasts at bottom.
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Fig. 10. Dist ributions of elast sizes (mm) and roundnesses in conglomerates of facies association G4. 
(0: very angular, I : angular, 2: subangular, 3: subrounded, 4: rounded, 5: very rounded). 

is implied by the presenee of reaetivation surfaees 
and partly eroded lower eontaets, where as the 
trans verse bars have straighter ripple crests. 
Trough eross-bedding (St) was formed by migra
tion of dunes (Smith 1974; Cant & Walker 1976; 
MiaU 1977) . Lithofaeies Fm eonsists of drape de
posits on sandy bars and dunes. Thiek (0.5-1 m) 
units of FI are overbank deposits. 

A 5 0 cm 

Expressed as MiaU' s (l978a) vertieal profiles, 
G4 transgressively ehanges from Seott through 
Donjek to South Saskatehewan type. The proxi
mal, horizontaUy bedded sandstone (Sh) sueees
si on seems to represent the Bijou Creek type. 
GraveUy material was not available, and repeated 
flash floods deposited eoarse sand as plane beds . 

8 
Fig. 11 A . Autocyelic lithofacies succession Sr, Sh , St of facies association G4 . B. Grouped trough cross-bedded sets of G4 with granule
size vein quartz elasts at bottom. 
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Fig. 12. Lithofacies succession Sp, Sp, St, Sh, Fm of facies association C4. The lowest Sp set is l-3 m thick.
The next wedge-shaped Sp set, with reactivation surfaces, increases laterally from l0 to 70 cm within l5 m.
St sets are 5-10 cm thick and differ in current direction. Beds of Sh and Fm are the hiehest. Label 16.5
cm. Photo K. Strand.

G5: Polymictic conglomerate - trough cross-bedded sandstone - fines association
(the lower parts of the Arkosite Formation)

Description: Facies association G5 (Fig. l3) rep-
resents a 50-150 m thick transgressive cycle. All
the underlying units have been exposed to erosion.
The clasts of the crudely bedded conglomerates
(Gm) vary from well rounded vein quartz and
quartzites to rounded arkosite and gneissic tona-
lite-granodiorite. Some 8 m beneath the gravelly
unit there occur concretions and a 0.5-l m thick
massive layer of carbonate (P) in sandstones.

The conglomerates are overlain by 3-4 m of
massive silstones (Fm). The following succession
contains massive, partly graded sandstones (Sm),
fine to very fine-grained rippled sandstones (Sr)
and massive or laminated fines (Fm, Fl).

Interpretation: G5 deposited in the distal por-

tions of an alluvial plain. Lithofacies Sm, Fl and
Fm deposited on its wide floodplains and basins.
Channelling is evident where dunes (St) migrated
over Sm, Fl and Fm and are followed by lag de-
posits and gravel bars (Gm). Fm beds on gravel
bars indicate channel abandonment. The massive
silt deposited in standing water. Carbonate units
(P) are interpretated as calcareous soils occurring
in the alluvial cycles of a semi-arid environment
(Pettijohn 1975). The thick floodplain deposits and
sudden channel abandonments indicate that the
river had deeper channels and a meandering
character (Allen 1964, 1965; Miall 1977: Jackson
1978).

VOLCANIC.SEDIMBNTARY DEVELOPMENT OF
OF THE STUDY AREA

THE ALLUVIAL BASINS

Alluvial basins are continental nonmarine or
shallow-marine sedimentary basins. Allocyclicity
in alluvial sedimentation is caused by tectonic_up-

86

lift. Studying the mode of sedimentation helps to
unravel the tectonic history of a study area (Miall
1981, 1984).
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Fig. 12. Lithofacies succession Sp, Sp , St, Sh, Fm of facies association G4. The lowest Sp set is 1-3 m thick. 
The next wedge-shaped Sp set, with reactivation surfaces, increases laterally from 10 to 70 cm within 15 m . 
St sets are 5- 10 cm thick and differ in current direction. Beds of Sh and Fm are the highest. Label 16.5 
cm. Photo K. Strand. 

G5: Potymictic congtomerate - trough cross-bedded sandstone - fines association 
(the tower parts of the Arkosite Formation) 

Description: Facies association G5 (Fig. 13) rep
resents a 50-150 m thick transgressive cyele. All 
the underlying units have been exposed to erosion. 
The elasts of the crudely bedded conglomerates 
(Gm) vary from well rounded vein quartz and 
quartzites to rounded arkosite and gneissic tona
lite-granodiorite . Some 8 m beneath the gravelly 
unit there occur concretions and a 0.5-1 m thick 
massive layer of carbonate (P) in sandstones. 

The conglomerates are overlain by 3-4 m of 
massive silstones (Fm). The following succession 
contains massive, partly graded sandstones (Sm), 
fine to very fine-grained rippled sandstones (Sr) 
and massive or laminated fines (Fm, FI). 

Interpretation: G5 deposited in the distal por-

tions of an alluvial plain. Lithofacies Sm, Fl and 
Fm deposited on its wide floodplains and basins. 
Channelling is evident where dunes (St) migrated 
over Sm, Fl and Fm and are followed by lag de
posits and gravel bars (Gm). Fm beds on gravel 
bars indicate channel abandonment. The massive 
silt deposited in standing water. Carbonate units 
(P) are interpretated as calcareous soils occurring 
in the alluvial cyeles of a semi-arid environment 
(Pettijohn 1975). The thick floodplain deposits and 
sudden channel abandonments indicate that the 
river had deeper channels and a meandering 
character (Allen 1964, 1965; MiallI977; Jackson 
1978). 

VOLCANIC-SEDIMENTARY DEVELOPMENT OF THE ALL'UVIAL BASINS 
OF THE STUDY AREA 

Alluvial basins are continental nonmarine or 
shallow-marine sedimentary basins. Allocyelicity 
in alluvial sedimentation is caused by tectonic _up-

86 

lift. Studying the mode of sedimentation helps to 
unravel the tectonic history of a study area (Miall 
1981 , 1984). 
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A filling pattem

The alluvial basin of the study area developed
in four stages (Fig. 14, A-D).

Basin stage A: Sedimentation started as a result
of vertical movements in the cratonic basement.
The exposed, weathered crustal material and the
debris formed were deposited by braided rivers as

alluvial fans (facies associations Gl and G2) near
active tectonic faults. The braided rivers either fol-
lowed the fans or ran parallel to tectonic linea-
ments. Basaltic to andesitic lavas erupted through
fissures during early stages (the Matinvaara For-
mation). The sediments were chemically immature
and deposited rapidly, suggesting a cool dry
climate.

Basin stage B: The alluvial fans were aban-
doned. A distal alluvial environment developed
longitudinally to the basin axis (some upper parts
of facies association G2 and facies association G3)
above the relict fans. The climatic regime was ap-
parently cool or cold. The first transgression was

plain and flood
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^,,+ ^€t channel fill
> 0-6 - longitudinal bars and
I lag deposits

dunes (nicration of
channel)
plane bed flow (1ower
flow regime)
calcareous soil

overbank and waning
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for alluvial basins

followed by peneplanation and chemical weather-
ing. Lateritic weathered crusts indicate intense
chemical processes in a temperate humid to sub-
tropical climate.

Basin stage C: Tectonic reactivation resulted in
. vertical movements. Older, chemically weathered
crust was eroded and redeposited as small alluvial
fans. In distal areas, the debris was sorted in to
mature gravels and sands by braided rivers (facies
association G4). At the end of this stage, a weaker
tectonic reactivation caused upward coarsening.

Basin stage D: All the underlying deposits were
partly exposed to erosion and redeposited at this
stage. Even the mature gravels and sands of G4
were consolidated. Deposition took place on them
partly conformably in a distal alluvial plain en-
vironment (facies association G5). Tectonic in-
fluence was weak. Mineralogical immaturity in-
dicates a dry, semiaridic climate.
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Fig. 13 . Facies association G5 and its interpretation . Arrows indicate cycl icity . 

A filling pattern for alluvial basins 

The alluvial basin of the study area developed 
in four stages (Fig. 14, A-D). 

Basin stage A: Sedimentation started as a result 
of vertical movements in the cratonic basement. 
The exposed, weathered crustal material and the 
debris formed were deposited by braided rivers as 
alluvial fans (facies associations G 1 and G2) near 
active tectonic faults. The braided rivers either fol
lowed the fans or ran parallel to tectonic linea
ments. Basaltic to andesitic lavas erupted through 
fissures during early stages (the Matinvaara For
mation). The sediments were chemically immature 
and deposited rapidly, suggesting a cool dry 
c1imate. 

Basin stage B: The alluvial fans were aban
doned. A distal alluvial environment developed 
longitudinally to the basin axis (some upper parts 
of facies association G2 and facies association G3) 
above the relict fans. The c1imatic regime was ap
parently cool or cold. The first transgression was 

followed by peneplanation and chemical weather
ing. Lateritic weathered crusts indicate intense 
chemical processes in a temperate humid to sub
tropical c1imate. 

Basin stage C: Tectonic reactivation resulted in 
. vertical movements. Older, chemically weathered 
crust was eroded and redeposited as small alluvial 
fans. In distal areas, the debris was sorted in to 
mature gravels and sands by braided rivers (facies 
association G4). At the end of this stage, a weaker 
tectonic reactivation caused upward coarsening. 

Basin stage D: All the underlying deposits were 
partly exposed to erosion and redeposited at this 
stage. Even the mature gravels and sands of G4 
were consolidated. Deposition took place on them 
partly conformably in a distal alluvial plain en
vironment (facies association G5). Tectonic in
fluence was weak . Mineralogical immaturity in
dicates a dry, semiaridic c1imate. 
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Fig. 14. Filling pattern of the alluvial basins of the study area.

Basin stage A. Basaltic to andesitic lavas (the Matinvaara Forma-
tion): (l) fissure eruptions and facies associations G, and G, (the
lower parts of the Laanhongikko and the Ahven-Kivilampi Forma-
tions): (2) alluvial fans and proximal braided rivers.

Basin stage B. Facies associations Gr and Gr (the upper parts of the
Ahven-Kivilampi and the Laanhongikko Formations): (l) braided
rivers, alluvial plain and (2) lacustrine basin.

Basin stage C. Facies association Go (the Paljakkavaara Formation):
(l) alluvial fans, braided rivers and (2) distal alluvial plain.

Basin stage D. Facies association C, (the lower parts of the Arko-
site Formation): (l) distal, partly meandering rivers and (2) distal
alluvial plain.

Geotectonic setting of the alluvial basins

Most sedimentary basins can be described in
terms of plate margin or plate interior processes
(Miall 1984). The present author uses the sedimen-
tary basin classification devised by Miall (1978b,
1981, 1984). The basin classification is based on
the Wilson cycle of opening and closing oceans,
and emphasizes plate margin behaviour as the
primary classification criterion. The difficulty in
the present study is that alluvial sedimentation
took place during the early Proterozoic, and thus
a classification based on recent examples is some-
what dubious. However, similar plate tectonic pro-
cesses were already operational during the Pro-
terozoic, propably having begun in the Archaean
(e.g. Windley 1976, l98l; Kröner l98l; Condie
1982; Sleep & Windley 1982). The plate sizes and
rates of processes could, however, have been dif-
ferent (Goodwin l98l).

Basin stages A-B: Cratonization of the basement
in the study area was coeval with the world-wide
cratonization event that took place at the Ar-
chaean-Proterozoic boundary (2.5 Ga). The crato-
nization was a continuous process, but break up
and sedimentation occurred at different times in
different areas. The oldest examples of continen-
tal margin style sedimentation date from the Ar-
chaean (e.g. Eriksson 1982).

In the study area, cratonization ended with tec-
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tonic activation. The sedimentary basin of stages
A-B (deposition of the Kurkikylä Group) cor-
responds to an intracratonic rift basin. Tensional
stress caused subsidence, resulting in a graben
structure. The graben floor remained above sea
level and was filled with nonmarine sediments and
volcanics. Subsidence and sedimentation rate was
high, a f.eature typical of rift basins.

Basin stages C-D: These stages represent a new
tectonic episode. Vertical movements were caused
by the reactivation of earlier rift faults. Uplifts
within the source area and subsidences in the basin
are commonly discontinuous and the sedimentary
record may contain internal unconformities and
evidence of several transgressions and regression
(Miall 1987b). The sediments deposited during
:jtages C-D constitute an opening clastic wedge that
corresponds to the marginal and restricted sedi-
ment wedges on a divergent continental margin.
The rifting episode is usually followed by an ocean
margin basin stage. Stage C (deposition of the Kai-
nuu Group) represents its very early, narrow ocean
basin phase. The marginal parts of the divergent
margins typically contain a variety of basins
showing a wide range of orientation. The basins
are formed as a result of rift faults that remain
active or then they are controlled by transform of
transcurrent faults.
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CONCLUSIONS AND DISCUSSION

The present paper has approached lithostrati-
graphic units in genetic terms. The sediments and
volcanics of the alluvial basins attest to both an
eventful tectonic history and climatological changes
for the lowest Karelian formations.

The rift basin on the cratonic basement denotes
the beginning of the depositional history. The
basin was filled in early Proterozoic time. pb-pd
dating by M. Sakko gives an age of 2271+ 93 Ma
to the lava of the Matinvaara Formation (year 1983
announcement of the Isotope Geology Division of
the Geological Survey of Finland). A similar pro-
gression is evident elsewhere in the lowest Kareli-
an formations. The rift basins were, however, ob-
viously separate ones and filled at different times
(Negrutza 1965; Pekkarinen 1979; Negrutza &
Negrutza l98l; Salop 1983). Pb-Pb dating assigns
an age of 2455 +45 Ma to the acid lava of the Sumi
Group underlying the Lower Proterozoic Sario-
lan Group in Soviet Karelia (Negrutza & Negrutza
1981).

The peneplanation stage, which is dominated by
chemical weathering, represents a more general
and extensive development. Kaolinite-type weath-
ering indicates a shift to a sub-tropical climate

regime. Preserved palaeoregoliths also occur else-
where in the Karelian formations (Negrutza 1965;
Koryakin l97l; Pekkarinen 1979; Marmo & Oja-
kangas 1984).

The aluminous and mature sediments deposited
on a marginal parts of a divergent continental
margin, where sedimentary basins are associated
with active faults. The basins usually correspond
to narrow ocean basins or are associated with
transform or transcurrent faults. They typically
show a wide range of orientation, and different
segments of the basins could have experienced dif-
ferent kinds of development. The aluminous and
mineralogically mature deposits of the lower
Karelian formations have been described elsewhere
by Piirainen (1968), Pekkarinen (1979), Silvennoi-
nen (1980) and Marmo & Ojakangas (1984). Ac-
cording to Laajoki (1986), they represent the
second Karelian cycle and a narrow sea/inland
basin stage after the rifting episode. In the study
area the next, immature alluvial units of the East
Puolanka Group belong to the lower part of a large
sediment wedge, which could mean that the basin
was becoming more open during this stage.
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The stratigraphic position and lithology of the polymictic fluvial con-
glomerates that separate the Kainuu Group from the overlying East Puo-
lanka Group at the northeastern margin of the Early Proterozoic Kainuu
Schist Belt are described. The most striking feature of the conglomerates
is that they contain not only basement gneiss and vein quartz phenoclasts
but also phenoclasts of lower Karelian metapsammites in an arkositic
matrix. The conglomerate beds themselves occur as interbeds in the ar-
kositic basal part of the East Puolanka Group.

It is concluded that these conglomerates mark a major break in the
sedimentation of Karelian formations in Kainuu. Called the Nenäkangas
unconformity; the break is comparable with the one that separates the upper
Lapponi metasediments and metavolcanics from the Jatuli-type Pyhätun-
turi quartzite in Lapland.

In terms of sedimentary tectonics these conglomerates indicate a change
from the narrow sea or inland basin stage, represented by the Kainuu-type
quartzites, the upper Lapponi and the Central Puolanka Group, to the
more open basin stage that produced the East Puolanka Group in Kai-
nuu, the Pyhätunturi-type quartzites in Lapland and the uppermost Jatuli
quartzites and associated rocks in North Karelia. Another possibility is

that Jatuli-type rocks developed independently of the evolution of the
Lapponi-Kainuu-Central Puolanka basin. It is proposed that these tecto-
facies be formally termed the Kainuu-Lapponi and the Jatuli, respectively.
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INTRODUCTION

The early Proterozoic metasediments and me-
tavolcanics deposited on the Late Archaean base-

ment in eastern and northern Finland are known
collectively as the Karelian formations (Simonen
1955). Their distribution in eastern and northern

Finland is illustrated in Fig. l. More precise strati-
graphic classification of these rocks is currently
under discussion (e.g. Meriläinen 1980).

Väyrynen (1933) classified the lower quartzite-
dominated part of this sequence as the Sariola,
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Kainuu and (Marine) Jatuli facies (for the usage

of the stratigraphic terminology of the Karelian
formations see Laajoki 1986b, pp. 69 and 70). Ac-
cording to Väyrynen (1933), the Sariola facies in-
cludes tillite-like conglomerates and quartzites, the
Kainuu facies quartzite-pebble conglomerates,
sericite quartzites and quartzites, and the Jatuli
facies metasilts, shungites and dolomites. Pekka-
rinen (1979) demonstrated, however, that the Sa-

riola facies should be distinguished from the over-
lying Jatulian rocks.

In Lapland, the Karelian formations are divided
into the lower unit of metasediments and abun-
dant metavolcanics called the Lapponi and the
overlying Kumpu formation, which consists mainly
of polymictic conglomerates and quartzites, and

of which the part in eastern central Lapland bears

a close resemblance to the Jatuli quartzites (see Se-

derholm 1932, Mikkolal94l, Simonen 1955, Sil-
vennoinen 1985). According to the present author
(Laajoki 1986b), however, the Karelian formations
represent products of at least five sedimentary-
volcanic cycles separated by unconformities. The
lowermost three are the Sumi-Sariola (lst) cycle,
the Kainuu (2nd) cycle and the Jatuli (3rd) cycle.

This paper briefly describes the conglomerate
occurrences used as a basis for separating the Kai-
nuu from the Jatuli in northern Kainuu, and gives

the rationale for correlating this unconformity with
the one that separates the Jatuli-type quartzites
from the Lapponi in the Pyhätunturi area.

STRATIGRAPHY OF THE NORTHERN

The Kainuu Schist Belt is one of the Early Pro-
terozoic schist areas in Finland consisting of
Karelian formations. These formations are en-
countered in North Karelia, Kainuu, Northern
Pohjanmaa, Peräpohja, Kuusamo and central
Lapland (Fig. l), where they occur as relics of the
platform-epicontinental cover of the late Archaean
basement. The Kainuu Schist Belt consists of
Karelian metasediments compressed between two
Archaean blocks: the Kuhmo-Iisalmi province in
the east and the lisalmi-Pudasjärvi province in the
west (Fig. 2). Structurally, the belt exhibits a re-
folded interference fold pattern about 200 km long
with an axial plane almost vertical or slightly over-
turned to the east. This fold structure is cut by
many faults, the most important of which are
shown in Fig. 2. The approximately N-S trending
fault system divides the belt into an autochtho-
nous-parautochthonous eastern part and an
allochthonous western part.

Figure 3 gives the stratigraphy of the northern
part of the belt. Starting from the north, the
lithostratigraphy of the eastern port is as follows:
l) the Kurkikylä Group, including Sariola-type
metasediments and Sumi-type metalavas, which
are encountered only in the far north, (Strand,
1988), 2)the northern sericite-rich quartzites with
quartz pebble conglomerates of the Kainuu Group
of the Paljakkavaara and Jaurakka areas, 3) the
Jatuli-type quartzites of the East Puolanka Group,
which can be followed along the whole length of
the eastern margin, invariably facing away from
the Archaean basement. This group contains the
Nenäkangas-type conglomerates in its basal parts.
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PART OF THE KAINUU SCHIST BELT

Its topmost parts were truncated by thrust move-
ments, as indicated by the Väyrylä tectonic wedge
between the eastern quartzites and the Salmijärvi
Basin.

The geology of the western margin of the belt
is more varied and complicated. First, instead of
the indisputable Archaean basement there are
strongly metamorphosed and migmatized para-
gneisses north of the lake Oulujärvi. Their age is
unknown, but some of them at least are highly
metamorphosed Karelian rocks. Eastwards the
paragneisses grade into and are stratigraphically
overlain by the east-facing rocks of the Central
Puolanka Group (Laajoki 1986a). These rocks in
turn are overlain unconformably by the quartzites
and metapelites of the Vihajärvi and Somerjärvi
groups, of which the latter bears a close resem-
blance to the East Puolanka Group and is over-
lain by the metapelites, quartzites and iron-forma-
tions of the Väyrylä Group in the Salmijärvi Basin.
However, complicated folding and great tectonic
contacts hamper an exact lithostratigraphic cor-
relation between the eastern and western quartzite
sequences. It is not even possible to conclude
whether the Vihajärvi and Somerjärvi groups form
two stacking groups or whether they are lateral
equivalents. The palaeosedimentological analysis
by Kangas (1985) favours the former inrerprera-
tion. In their basal parts, both of these groups con-
tain conglomerates that resemble the Nenäkangas
type in stratigraphic position and lithology, as will
be discussed later. In addition to these main for-
mations, at least two minor relics of younger
quartzites with quartzite-phenoclast conglomerates
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Fig. l. Simplified geological map of the central part of Finland (modified and completed after Simonen 1980). Main Karelian
schist areas are numbered from I to 6. l) North Karelia,2) Kainuu (see Fig. 2), 3) Northern Pohjanmaa,4) Peräpohja, 5) Kuu-
samo, 6) Central Lapland. Line A-B indicates the cross-section given in Figure 15. Lithological symbols: l) Archaean basement
areas. 2) Gneisses derived partly from Archaean, partly from early Proterozoic precursors. 3) Central Puolanka Group and
Lapponi metasediments. 4) Sumi-Sariola and Lapponi metavolcanics. 5) Mostly Jatuli-type quartzites. 6) Kaleva-type meta-
pelites. 7) Outokumpu Allochton. 8) Svecofennian schists and gneisses. 9) Svecokarelidic plutonic rocks. l0) Jotnian sediment-
ary rocks. The area of Fig. 2 is boxed.
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Fig. I. Simplified geological map of the central part of Finland (modified and completed after Simonen 1980). Main Karelian 
schist areas are numbered from I to 6. I) North Karelia, 2) Kainuu (see Fig. 2), 3) Northern Pohjanmaa, 4) Peräpohja, 5) Kuu
samo, 6) Central Lapland. Line A-B indicates the cross-section given in Figure 15 . Lithological symbols: I) Archaean basement 
areas. 2) Gneisses derived partly from Archaean, partly from early Proterozoic precursors . 3) Central Puolanka Group and 
Lapponi metasediments. 4) Sumi-Sariola and Lapponi metavolcanics. 5) Mostly Jatuli-type quartzites. 6) Kaleva-type meta
pelites. 7) Outokumpu Allochton. 8) Svecofennian schists and gneisses . 9) Svecokarelidic plutonic rocks . 10) Jotnian sediment
ary rocks . The area of Fig. 2 is boxed. 
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Fig. 2. Simplified geological map of the northern part of the Kainuu Schist Belt. Symbols: l) Archaean basement. 2) Gneisses
and paragneisses. 3) Central Puolanka Group. 4) Kurkikylä Group. 5) Kainuu Group. 6) Vihajärvi, Somerjärvi and East puo-
lanka Groups. 7) Kaleva-type rocks. 8) Jormua ophiolite complex and other ultrabasic rocks. 9) Ristijärvi granodiorite. Conglo-
merate occurrences discussed in the text are indicated by encircled numbers: l. Nenäkangas and Kiskonkoski, 2. Naulaperä
occurrences.3. Kotipuro.4. Pahkapuro.5. Mäntykangas.6. Kivesvaara. ThelocationsofFigs. 4and7 areindicated.
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Fig. 2. Simplified geological map of the northern part of the Kainuu Schist Belt. Symbols: I) Archaean basement. 2) Gneisses 
and paragneisses. 3) Central Puolanka Group. 4) Kurkikylä Group. 5) Kainuu Group. 6) Vihajärvi, Somerjärvi and East Puo
lanka Groups. 7) Kaleva-type rocks. 8) Jormua ophiolite complex and other ultrabasic rocks. 9) Ristijärvi granodiorite. Conglo
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in their basal parts occur at Pyssykulju (Laajoki,
1988) and Jokijyrkkä.

The quartzites are intruded by abundant meta-
diabases (Fig. 4), of which the one intruding the
Kainuu Group in the north gives a zircon age of
over 2200 Ma. Those intruding the contact between
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in their basal parts occur at Pyssykulju (Laajoki, 
1988) and Jokijyrkkä. 

The quartzites are intruded by abundant meta
diabases (Fig. 4), of which the one intruding the 
Kainuu Group in the north gives a zircon age of 
over 2200 Ma. Those intruding the contact between 

the Central Puolanka and the Vihajärvi groups 
have zircon ages of at least 2138--2200 Ma (0. 
Kouvo, pers.comm. 1983). Consequently, the Ne
näkangas conglomerates are at least about 2200 
Ma old. 

95 



Geological Survey of Finland Special Paper 5

K. Laajoki

During mapping carried out by the Exploration
Department of the Geological Survey of Finland,
the author identified conglomerate boulders at Ne-

DISTRIBUTION AND STRATIGRAPHIC POSITION OF THE CONGLOMERATB
OCCURRENCES

näkangas, in the northeastern part of the Early
Proterozoic Kainuu Schist Belt, in 1975 (Fig. q.
Later the conglomerate was found exposed at Kis-
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Laaioki 1981 ).

Occurrences:

O fl"n,af-e""
@ Kiskonkoski

@ Kolkonkangas

@ lso Kuvaja

@ Teerisuo

Symbols:

;z Bedding and dip dk€ctbn

*, Bedding whh db and
/' toD di€ctiong

-- -- Lithological contact

- - - Fault

-^- Thrust@ pirx, Jänisjärvi
@ Kotipuro

Stratigraphy:

Metadiabase

Fig.7
Western Karelides

x) Mäntykangas-tYPe
conglorn€rates
Not distri0ut6d on
th€, map area

Eastern Karelides

EAST PUOLANKA GROUP

Ouartzite Formation lll

Quartzite Formation I

Arkosita Formation

l,lqükangas - tulg
conglomeretos

KAINUU GROUP

LATE ARCHAEAN

BASEIIENT
COMPLEXI

{+

10 rt
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the unpublished geological map of the North Puolanka area by Laajoki I 98 1 ) showing the locations
of the Nenäkangas-type conglomerate occurrences.
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Fig. 5. A conglomerate boulder at Nenäkangas. Phenoclasts are mainly Prekarelidic orthogneiss and vein
quartz with some quartzite. Note poorly developed bedding in cobble-poor parts. Photo K. Laajoki.
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Fig. 6. General stratigraphic columns of the Suolijärvi, Naulanperä and Aikänvaara areas and detailed columns of Kiskonkoski and Kol-
konkangas showing the stratigraphic positions of the Nenäkangas-type conglomerates. Symbols: l) Basement gneiss. 2) Basal conglomerate.
3) Volcanic conglomerate. 4) Quartz-pebble conglomerate. 5) Nenäkangas-type conglomerate. 6) Arkosite (ä) and conglomeratic arkosite
(b).7) Quartzite etc. 8) Phyllite.9) Dolomitic rock. l0) Tuffitic schist. ll) Metalava. 12) Thrust. l3) Nonconformity. 14) Unconformity
with a palaeoweathering surface. 15) Unconformity. Abbreviations: KKG : Kurkikylä Group, KG = Kainuu Group, EpG : East puo-
lanka Grouo.
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Fig. 7. Geological map of the Naulaperä area showing the Nenäkangas-type conglomerate occurrences. Symbols: l) Basement gneiss. 2)

NJnakangas-type conglomerate and lhe arkosites and quartzites of the third Karelian cycle. 3) Allochthonous Jatuli-type quartzites. 4)

Metadiabäse. S) Geolögical contact a) Nonconformity between Karelian formations and the basement b) lithological contact. 6) Faults:
a) thrust, filled teeth point in the direction of the thrust, open teeth indicate escarpment cut into a nappe, b) wrench faults. 7) a) Bedding
and dip. b) vertical Uäaalng. 8) The same with top direction shown by an arrow head. 9) Outcrop. Conglomerate occurrences (encircled)
l. Kolkonkangas. 2. Iso Kuvaja. 3. Teerisuo. 4. Pikku Jänisjärvi.

konkoski, about 500 m west of Nenäkangas. The
most striking features of these conglomerate oc-
currences are that they contain abundant quart-
zite phenoclasts as well as basement gneiss and vein
quartz phenoclasts (Fig. 5) and that they are over-
lain by thick Jatuli-type quartzite sequences.

The conglomerates are met with at Nenäkangas
(map sheet 3533 02,x : 7234.3, y : 548.6), where
a dozen local boulders have been found, at Kis-
konkoski (353302,x:7235.4, y : 546.8), Iso
Kuvaja (3444 03, x : 7210.8, y : 545.6), Kol-

98

konkangas (344403,x -- 7211.0, y : 547.4),Tee-
risuo (3444 02,x = 7208.7, y : 544.8), Pikku Jä-
nisjärvi (3444 02,x : 7208.8, y : 5M.l) and Ko-
tipuro (344401,x : 7194.4,y : 542.7\. The Iso
Kuvaja occurrence corresponds to Väyrynen's
(1928, p. 75) Kuirajalampi conglomerate. The
conglomerate occurrence at Pahkapuro (No. 4 on
Fig. 2) in the tectonic wedge of Väyrylä (Laajoki
1973, p.22) may be of the same type, but the single
outcrop is too small to permit this to be con-
firmed.
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Fig. 8. Alternating fluvial conglomeratic and arkosite beds in the Iso Kuvaja conglomerate occurrence. A : cross-
bedded pebble-conglomerate (at least 40 cm thick), g : pinkish plane-bedded arkosite (c. l5 cm) C : greenish planar
cross-bedded arkosite with sparse pebbles (c. 22 cm), D : planar cross-bedded conglomerate; upper part plani bed-
ded, (c. 35 cm), E : pinkish plane-bedded arkosite (c.27 cm) F = conglomeratic unit (at leaif 75im). Photo K.
Laajoki.
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Nenäkangas and Kiskonkoski: Owing to the lack
of outcrops, detailed stratigraphic sections cannot
be established for the Nenäkangas and Kiskonkos-
ki occurrences. However, Strand's (19S5) recent
studies demonstrate that supracrustal phenoclasts
derive from the Kainuu and Kurkikylä groups, and
regional stratigraphic evidence suggests that the
conglomerates underlie the Jatuli-type quartzites
in the Suolijärvi-Siikavaara area. Consequently,
as Fig. 6 shows, the Nenäkangas and Kiskonkos-
ki conglomerates occupy the middle part of a se-
quence, about 4000 m thick, of Karelian supra-
crustal rocks deposited on the late Archaean
basement in the Suolijärvi area. For the stratig-
raphic details of the Kiskonkoski occurrence, see
Strand's (1985) work.

Kolkonkangas, Iso Kuvaja, Teerisuo and pik-
ku Jänisjärvi: These four occurrences are located
at Naulaperä close to each other but separated by
tectonic contacts (Fig. 7). Stratigraphically, the
Kolkonkangas conglomerate lies only 80 m above
the nonconformity between the basement and the
Karelian rocks (Fig. 6). The conglomerate itself
and the overlying rocks are covered by glacial drift
and so the thickness of the conglomeratic unit is
not known, but its minimum thickness is about
l0 metres. The Iso Kuvaia occurrence is of the

pebble type and shows distinct fluvial cross-bed-
ding (Fig. 8). Excluding the metadiabase intruded
into the contact between the basement and the Ka-
relian rocks, the underlying rocks are not exposed.
Upwards, the enclosing arkosite grades via a feld-
spar quartzite into an orthoquartzite.

The Teerisuo and Pikku Jänisjärvi occurrences
are encountered in the valley of Jänisjoki, where
erosion has removed the overlying quartzite thrust
sheet. They may represent a single unit. The Tee-
risuo conglomerate occurs as an interbed in cross-
bedded arkosites separated from the basement by
a metadiabase. At Pikku Jänisjärvi, the arkosite
sequence, which is at least 60 m thick begins with
a conglomerate bed. The overlying rocks are not
exposed in either occurrence.

Kotipuro: This is the southernmost occurrence
and is encountered in a tiny outcrop and as local
boulders east of Äkänvaara. The underlying rocks
are not exposed. The conglomerate is, however,
overlain by flatlying arkosites, at least 30 rn thick,
containing tiny basement orthogneiss and feldspar
fragments (Fig. 9). The next 1000 m above the
arkosite are not exposed, but on the basis of re-
gional structure and stratigraphy we can deduce
that they consist of Jatuli-type quartzites, as shown
by the Aikänvaara column in Fig. 6.
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Fig. 8. Alternating fluvial conglomeratic and arkosite beds in the Iso Kuvaja conglomerate occurrence. A = cross
bedded pebble-conglomerate (at least 40 cm thick), B = pinkish plane-bedded arkosite (c . 15 cm) C = greenish planar 
cross-bedded arkosite with sparse pebbles (c. 22 cm), D = plan ar cross-bedded conglomerate; upper part plane bed
ded, (c. 35 cm), E = pinkish plane-bedded arkosite (c. 27 cm) F = conglomeratic unit (at least 75 cm). Photo K. 
Laajoki. 
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overlain by flatlying arkosites, at least 30 m thiek, 
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Fig. 9. Tiny quartz and basement orthogneiss phenoclasts in basal arkosite stratigraphically some 40 m above
the Kotipuro conglomerate. An intraformational fragment of calcareous rock visible in the upper right cor-
ner. Label is 16 cm. Photo K. Laajoki.

PHENOCLASTS AND THEIR PROVENANCE

The size and nature of the phenoclasts vary
greatly from one occurrence to another. The Kol-
konkangas and Iso Kuvaja occurrences are of
pebble size (Fig. l0), the others of pebble-cobble:

(Fig. I l), rarely of boulder, size. The phenoclasts
of the Kiskonkoski and Nenäkangas occurrences
were submitted to lithological studies by Strand
(1985), who demonstrated that they comprise

Fig. 10. Pebble conglomerate at Iso Kuvaja. Pebbles are vein quartz and basement orthogneiss. Matrix is

arkositic. Target 6 x 6 cm. Photo K. Laajoki.
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Fig. I I . Close-up of the conglomerate in Fig. 5. The two largest well-rounded phenoclasts below target are
of quartzite. Target 6 x 6 cm. Photo K. Laajoki.

mainly vein quartz, basement orthogneisses and
psammites (Table l). The vein quartz clasts are so
well-rounded (Figs. l0 and I l) that they are pro-
bably recycled from the basal quartz-pebble con-
glomerates of the Kainuu Group.

Some of the psammites are of the type encoun-
tered in the middle and upper parts of the Kainuu
Group, but they also include pure orthoquartzite
types that are difficult to distinguish macroscopi-
cally from vein quartz clasts and are not met with
in the underlying sequences (Nos. l-4, Table 2)
(Fig. l2). The latter types are interpreted as repre-
senting the topmost, most mature and totally
eroded part of the Kainuu Group; in other words
the unconformity indicated by the Nenäkangas
type conglomerates cut down deep into the Kai-
nuu Group. A conspicuous phenoclast type that
is easily distinguished is a greenish sericite-bearing
quartzite (No. 5, Table 2). Impure quartzite types
include carbonate-bearing varieties (No. 6, Table
2,Fig.l3). Some of the arkosite phenoclasts show
evidence of in situ weathering typical of the Kur-
kikylä Group psammites. This group, therefore,
constitutes their provenance. The few sericite phyl-
lite and dolomite phenoclasts derive from the cor-
responding rocks of underlying groups or from the
interbeds associated with the conglomerates.

The Kolkonkangas and Iso Kuvaja occurrences
contain mainly vein quartz phenoclasts with
basement orthogneiss and rare Karelian psammi-
te phenoclasts. The relative abundance of the latter
is higher in the coarser Teerisuo and Pikku Jä-

Table l. Phenoclast composition (qo) of(l) the Nenäkangas and (2)
the Kiskonkoski conglomerate (Strand 1985, Table 4).

Orthogneiss
Aplitic orthogneiss
Vein quartz
Arkosite
Quartz-arkosite
Feldspar quartzite
Sericite quartzite
Orthoquartzite
Sericite fyllite

22.5
2.5

23.5
26.5

J.)
4.0
).u

10.0
2.5

17.0

44.O

12.0
7.0
1.0
5.0

13.0
1.0

Table 2. Modal mineral contents (vol. 9o) of the quartzite pheno-
clasts of Nenäkangas-type conglomerate occurrences. Analyst T. Pe-
räkylä.

Quartz
Plagioclase
K-feldspar
Sericite
Biotite
Chlorite
Carbonate
Opaque
Apatite
Zircon
Tourmaline
Titanite
Rutile

9s.7 95.2
0.5

0.5
1.5 2.3
r.4 0.3
+ 0.9
0.9 0.8
+-

:l
+ 0,1

93 .2 93. I
0.8 0.3

4.3 4.s
0.3 1.4

0.2 0.2
1.0 0.3

++
0.2

u-z
++

84.8 '7 5.3
0.2 0.3
0.1

10.4 1.5
0.7 4.8
+-
3.4 18.2
++
0.4

ii

+-
+
l)
2)
3)
4)

s)
6)

: traces
Grey orthoquartzite, Kotipuro. TS 20084.
Grey orthoquartzite, Nenäkangas. TS 19925.

Grey orthoquartzite, Kotipuro. TS 20083.
Grey orthoquartzite, Teerisuo. TS 21915. For texture see

Fig. 12.
Greenish sericite-bearing quartzite, Teerisuo. TS 20082.
Bluish carbonate-rich quartzite, Nenäkangas. TS 19924. For tex-
ture see Fig. 13.
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Fig. 11. Close-up of the conglomerate in Fig. 5. The two largest well -rounded phenoclasts below target are 
of quartzi te . Target 6 x 6 cm. Photo K. Laajoki . 

mainly vein quartz, basement orthogneisses and 
psammites (Table 1). The vein quartz elasts are so 
well-rounded (Figs. 10 and 11) that they are pro
bably recyeled from the basal quartz-pebble con
glomerates of the Kainuu Group. 

Some of the psammites are of the type encoun
tered in the middle and upper parts of the Kainuu 
Group, but they also inelude pure orthoquartzite 
types that are difficult to distinguish macroscopi
cally from vein quartz elasts and are not met with 
in the underlying sequences (Nos. 1-4, Table 2) 
(Fig. 12). The latter types are interpreted as repre
senting the topmost, most mature and totally 
eroded part of the Kainuu Group; in other words 
the unconformity indicated by the Nenäkangas 
type conglomerates cut down deep into the Kai
nuu Group. A conspicuous phenoelast type that 
is easily distinguished is a greenish sericite-bearing 
quartzite (No. 5, Table 2). Impure quartzite types 
inelude carbonate-bearing varieties (No . 6, Table 
2, Fig. 13) . Some of the arkosite phenoelasts show 
evidence of in situ weathering typical of the Kur
kikylä Group psammites . This group, therefore, 
constitutes their provenance. The few sericite phyl
lite and dolomite phenoelasts derive from the cor
responding rocks of underlying groups or from the 
interbeds associated with the conglomerates. 

The Kolkonkangas and Iso Kuvaja occurrences 
contain mainly vein quartz phenoelasts with 
basement orthogneiss and rare Karelian psammi
te phenoelasts . The relative abundance of the latter 
is high er in the coarser Teerisuo and Pikku Jä-

Table I . Phenoclast composition (0,10) of (I) the Nenäkangas and (2) 
the Kiskonkoski conglomerate (Strand 1985, Table 4). 

2 

Orthogneiss 22.5 17.0 
Aplitic orthogneiss 2.5 
Vein quartz 23.5 44.0 
Arkosite 26.5 12.0 
Quartz-arkosite 3.5 7.0 
Feldspar quartzite 4.0 1.0 
Sericite quartzite 5.0 5.0 
Orthoquartzite 10.0 13.0 
Sericite fyllite 2.5 1.0 

Table 2. Modal mineral contents (vol. 0,10) of the quartzite pheno-
elasts of Nenäkangas-type conglomerate occurrences. Analyst T. Pe-
räkylä. 

2 3 4 5 6 

Quartz 95.7 95.2 93.2 93.1 84.8 75. 3 
Plagioelase 0.5 0.8 0.3 0.2 0.3 
K-feldspar 0.5 0.1 
Sericite 1.5 2.3 4.3 4.5 10.4 1.5 
Biotite 1.4 0.3 0.3 1.4 0.7 4 .8 
Chlorite + 0.9 0.2 0.2 + 
Carbonate 0.9 0.8 1.0 0.3 3.4 18 .2 
Opaque + + + + 
Apatite 0.4 
Zircon + + + + 
Tourmaline 0 .2 + + 
Titanite 0.2 
Rutile + 0.1 + + + 

+ = traces 
1) Grey orthoquartzite. Kotipuro. TS 20084. 
2) Grey orthoquartzite. Nenäkangas . TS 19925 . 
3) Grey orthoquartzite. Kotipuro. TS 20083. 
4) Grey orthoquartzite, Teerisuo. TS 21915. For text ure see 

Fig . 12. 
5) Greenish sericite-bearing quartzite. Teerisuo. TS 20082 . 
6) B1uish carbonate-rich quartzite. Nenäkangas . TS 19924. For tex

ture see Fig. 13. 
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nisjärvi occurrences and in the Kotipuro con-
glomerate.

As a whole the Nenäkangas-type conglomerates
received their material from the underlying Kare-
lian cycles: the Kainuu and Kurkikylä groups.
Whether the orthogneiss phenoclasts derived di-
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Fig. 12. Orthoquartzite phenoclasts in Nenäkangas-type conglomerate at Teerisuo showing granoblastic tex-
tures. Besides quartz there are some sericite flakes. TS 21915. Crossed polars. Photo K. Laajoki.

rectly from the Archaean basement during the
third cycle or whether and, if so, to what extent
they, together with the arkositic matrix and the
enclosing arkosites, represent recycled Kurkikylä
Group material cannot be established.

Fig. 13. A phenoclast of carbonate-rich quartzite in the conglomerate of Nenäkangas showing blastoclastic
texture. Carbonate occupies the interstices of the quartz grains, TS 19924. Crossed polars. Photo K. Laajoki.
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Fig. 12. Orthoquartzite phenociasts in Nenäkangas-type cong1omerate at Teerisuo showing granob1astic tex
tures. Besides quartz there are some sericite flakes. TS 21915 . Crossed polars. Photo K. Laajoki. 

nisjärvi occurrences and in the Kotipuro con
glomerate. 

As a whole the Nenäkangas-type conglomerates 
received their material from the underlying Kare
li an cycles: the Kainuu and Kurkikylä groups. 
Whether the orthogneiss phenoclasts derived di-

rectly from the Archaean basement during the 
third cycle or whether and, if so, to wh at extent 
they, together with the arkositic matrix and the 
enclosing arkosites, represent recycled Kurkikylä 
Group material cannot be established. 

Fig. 13. A phenociast of carbonate-rich quartzite in the conglomerate of Nenäkangas showing b1astociastic 
texture. Carbonate occupies the interstices of the quartz grains, TS 19924. Crossed polars. Photo K. Laajoki. 
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GEOI-OGICAL SIGNIFICANCE OF NENAKANGASJTYPE CONGLOMERATES

General correlations

At the eastern margin of the Kainuu Schist Belt,
the Nenäkangas type conglomerates and the
underlying Kainuu and Kurkikylä Groups are not
encountered south of Väyrylä. On the opposite
side of the belt, the Mäntykangas conglomerate
(Figs. 2 and 3), described by Väyrynen (1928) and
Laajoki (1973) and recently in more detail by Kan-
gas (1985), greatly resembles the Nenäkangas type,
but both the underlying Central Puolanka Group
(Laajoki 1986a) and the overlying sequences (Kan-
gas 1985) are very different from the correspon-
ding rocks in the west. Furthermore, in contrast
to earlier statements (Väyrynen 1928, Laajoki
1973), the basement orthogneisses are not encoun-
tered among the phenoclasts. The Kivesvaara
conglomerate at Paltamo (Fig. 2) seems to occupy
the same stratigraphic position as the Mäntykangas
occurrence. The basement phenoclasts are lacking
here, too (Heino 1983). Both occurrences are se-
parated from the eastern quartzite areas by many
major tectonic zones (Fig. 3). Consequently, these
western conglomerates cannot be lithostratigraphi-
cally correlated with the Nenäkangas type; rather
they represent conglomerates that obtained material
from a different provenance than the Nenäkangas
type. Nevertheless, the unconformities below these
conglomerates may be roughly contemporaneous.

The Isokuru conglomerate, which contains pheno-
clasts from the underlying Lapponi metasediments
and metavolcanics and from the Archaean base-
ment (Hackman 1918, Haimi 1977, Räsänen and
Mäkelä 1988), occurs in the Pyhätunturi area,

Nenäkangas

As the Puolanka and other occurrences dis-
cussed above indicate, the third Karelian uncon-
formity has regional significance and the author
proposes that it be called the Nenäkangas uncon-
formity. (Fig. 15)

It is generally accepted that the third Karelian

about 200 km north of Nenäkangas (Figs. I and
l4). With the exception of some unpublished
works, the regional geology of this area has not
been described in the current literature. However,
the author has made field trips there under the
guidance of P. Mielikäinen and J. Räsänen, who
have been mapping the area. Excluding the abun-
dant Lapponi volcanic rocks, the Puolanka and
Pyhätunturi areas are very similar in geology: both
have Sumi-Sariola rocks deposited on the Ar-
chaean basement (the Kurkikylä Group at Puo-
lanka and the basal conglomerates and arkosites
at Kaikoselkä, Pyhätunturi), the overlying fluvial-
shallow-water quartzites and metapelites of the se-

cond Karelian cycle (the Kainuu and Central Puo-
lanka Groups at Puolanka, the Orakoski and other
Lapponi quartzites and associated and overlying
Lapponi metapelites in the Pyhätunturi area) and
the mature Jatuli-type quartzites of the third cycle
(the East Puolanka Group and the Pyhätunturi-
type quartzites) (Fig. 14).

There are no reports from North Karelia of
conglomerates that could readily be correlated with
the Nenäkangas type. However, Piirainen's (1968)
Arkosite Formation, Marmo and his coauthors'
(1988) Jero Arkosite Formation and the uncon-
formity between Pekkarinen's (1979) volcanic for-
mation and upper quartzite formation may indi-
cate the same unconformity. Its location in the
other Karelian schist areas, e.g. Peräpohja, Kuu-
samo, Northern Pohjanmaa and western Lapland,
has still to be established.

unconformity

unconformity represents an unconformity so great
that it can be used to divide the Karelian forma-
tions in Lapland into two major sequences: the
Lapponi and the Jatuli (Kumpu) (cf. e.g. Hack-
man 1918, 1924, Mikkola 1941, Silvennoinen
1985). Consequently, it is logical to use the uncon-
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Fig. 14. Geological cross section along the line Suolijärvi-Pyhätunturi (see Fig. l). The vertical scale is arbitrary. Symbols: l) Late Ar-
chaean basement gneiss. 2) Late Archaean - Early Proterozoic gneisses. 3) Svecokarelidic granitoids. 4) 2440 Ma-layered gabbro. 5) First
Karelian cycle rocks (Kurkikylä Group at Suolijärvi, lowermost Lapponi at Pyhätunturi). 6) Second Karelian cycle rocks (Kainuu Group
at Suolijärvi, middle-upper Lapponi rocks at Pyhätunturi). 7) Conglomerate (Nenäkangas-type at Suolijärvi, Isokuru-type at Pyhätuntu-
ri). 8) Third Karelian cycle rocks (Jatuli-quartzites). 9) Fault.
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GEOLOGICAL SIGNIFICANCE OF NENÄKANGAS-TYPE CONGLOMERATES 
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At the eastern margin of the Kainuu Schist Belt, 
the Nenäkangas type conglomerates and the 
underlying Kainuu and Kurkikylä Groups are not 
encountered south of Väyrylä. On the opposite 
side of the belt, the Mäntykangas conglomerate 
(Figs. 2 and 3), described by Väyrynen (1928) and 
Laajoki (1973) and recently in more detail by Kan
gas (1985), greatly resembles the Nenäkangas type, 
but both the underlying Central Puolanka Group 
(Laajoki 1986a) and the overlying sequences (Kan
gas 1985) are very different from the correspon
ding rocks in the west. Furthermore, in contrast 
to earlier statements (Väyrynen 1928, Laajoki 
1973), the basement orthogneisses are not encoun
tered among the phenoelasts. The Kivesvaara 
conglomerate at Paltamo (Fig. 2) seems to occupy 
the same stratigraphie position as the Mäntykangas 
occurrence. The basement phenoelasts are lacking 
here, too (Heino 1983). Both occurrences are se
parated from the eastern quartzite areas by many 
major tectonic zones (Fig. 3). Consequently, these 
western conglomerates cannot be lithostratigraphi
cally correlated with the Nenäkangas type; rather 
they represent conglomerates that obtained material 
from a different provenance than the Nenäkangas 
type. Nevertheless, the unconformities below these 
conglomerates may be roughly contemporaneous. 

The Isokuru conglomerate, which contains pheno
elasts from the underlying Lapponi metasediments 
and metavo1canics and from the Archaean base
ment (Hackman 1918, Haimi 1977, Räsänen and 
Mäkelä 1988), occurs in the Pyhätunturi area, 

about 200 km north of Nenäkangas (Figs. 1 and 
14). With the exception of some unpublished 
works, the regional geology of this area has not 
been described in the current literature . However, 
the author has made field trips there und er the 
guidance of P. Mielikäinen and J. Räsänen, who 
have been mapping the area. Exeluding the abun
dant Lapponi vo1canic rocks, the Puolanka and 
Pyhätunturi areas are very similar in geology: both 
have Sumi-Sariola rocks deposited on the Ar
chaean basement (the Kurkikylä Group at Puo
lanka and the basal conglomerates and arkosites 
at Kaikoselkä, Pyhätunturi), the overlying fluvial
shallow-water quartzites and metapelites of the se
cond Karelian cyele (the Kainuu and Central Puo
lanka Groups at Puolanka, the Orakoski and other 
Lapponi quartzites and associated and overlying 
Lapponi metapelites in the Pyhätunturi area) and 
the mature J atuli-type quartzites of the third cyele 
(the East Puolanka Group and the Pyhätunturi
type quartzites) (Fig. 14). 

There are no reports from North Karelia of 
conglomerates that could readily be correlated with 
the Nenäkangas type. However, Piirainen's (1968) 
Arkosite Formation, Marmo and his coauthors' 
(1988) Jero Arkosite Formation and the uncon
formity between Pekkarinen's (1979) vo1canic for
mation and upper quartzite formation may indi
cate the same unconformity. Hs location in the 
other Karelian schist areas, e.g. Peräpohja, Kuu
samo, Northern Pohjanmaa and western Lapland, 
has still to be established. 

Nenäkangas unconformity 

As the Puolanka and other occurrences dis
cussed above indicate, the third Karelian uncon
formity has regional significance and the author 
proposes that it be called the Nenäkangas uncon
formity. (Fig. 15) 

It is generally accepted that the third Karelian 

SI I KA VAARA SVÖT E 

unconformity represents an unconformity so great 
that it can be used to divide the Karelian forma
tions in Lapland into two major sequences: the 
Lapponi and the Jatuli (Kumpu) (cf. e.g. Hack
man 1918, 1924, Mikkola 1941, Silvennoinen 
1985). Consequently, it is logical to use the uncon-
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Fig. 14. Geological cross section along the line Suolijärvi-Pyhätunturi (see Fig. I). The vertical scale is arbitrary. Symbols: I) Late Ar
chaean basement gneiss. 2) Late Archaean - Early Proterozoic gneisses. 3) Svecokarelidic granitoids. 4) 2440 Ma-layered gabbro. 5) First 
Karelian cycle rocks (Kurkikylä Group at Suolijärvi, lowermost Lapponi at Pyhätunturi). 6) Second Karelian cycle rocks (Kainuu Group 
at Suolijärvi, middle-upper Lapponi rocks at Pyhätunturi). 7) Conglomerate (Nenäkangas-type at Suolijärvi , Isokuru-type at Pyhätuntu
ri). 8) Third Karelian cycle rocks (Jatuli-quartzites). 9) Fault. 
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Fig. 15. A schematic reconstructional cross section of the first three Karelia tectofacies from North Karelia via Kainuu to Central Lap-
land., l) Sumi-Sariola. 2) Proximal metasediments of the Kainuu-Lapponi tectofacies. 3) Distal metasediments of the Kainuu-Lapponi
tectofacies. 4) Metavolcanics of the Kainuu-Lapponi teclofacies. 5) First transgression of the Jatuli tectofacies. 6) Second transgresiion
of the Jatuli tectofacies. Also shown are the 2440 Ma old layered intrusions of Koillismaa and the Jatulian metalavas. Note that the kainuu-
Lapponi tectofacies may consist of several individual basins or subbasins.
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formity for the same purpose in Kainuu and North
Karelia, too. Therefore, the author (Laajoki
1986b) has proposed that the quartz-pebble con-

.glomerate - sericite quartzite - orthoquartzite
sequence that lies betwebn the Nenäkangas uncon-
formity and the weathered crust overlying the

Karelia

The lithostratigraphic terminology of the Ka-
relian formations in Finland has not yet been
established formally. Because many researchers
applying international usage have recently sug-
gested lithostratigraphic nomenclatures of their
own, the original, poorly-defined sequences of the
Sariola, Kainuu and Jatuli have lost their appli-
cability in countrywide correlations. Hence, the
present author refused to use them anymore as

lithostratigraphic group names outside their type
areas (Laajoki 1986b). However, he has used in-
formal expressions such as Sumi-Sariola-type
rocks, Kainuu-type sericite quartzites and Jatuli-
type quartzites in regional discussions.

Väyrynen (1933) used the terms Sariola, Kainuu
and (Marine) Jatuli facies for the same purpose,
but included them all in the Jatuli. Pekkarinen
(1979) showed, however, that the Sariola should
be excluded from the Jatuli. Laajoki (1986b)
stressed that the Jatuli-type quartzite sequence can
be subdivided into at least two parts and divides
the lowermost Karelian formations into three
cycles: the Sumi-Sariola, the Kainuu and the Ja-
tuli. Because the unconformities between these
cycles have a great sedimentary tectonic and re-
gional significance it is suggested that the tripar-
tite classification of Väyrynen should be retained
but that the meanings and lithological contents of
the units should be redefined as proposed in the
following.

ro4

Nenäkangas unconformity NW

CENTRAL LAPLAND

rcJ 2 too Mo

----_

Sumi-Sariola, and which represents in part Väy-
rynen's (1933) Kainuu facies, should be,distin-
guished from the "Jatuli". Hence, the Nenpkangas
unconformity marks the boundary between se-
quences of the Kainuu-Lapponi and the Jatuli
types in Finland (Laajoki 1986b).

tectofacies

Instead of facies, the products of the first three
Karelian cycles are considered as tectofacies in the
following senses: the Sumi-Sariola tectofacies con-
tains all the volcanic and sedimentary rocks de-
posited, extruded or intruded during the incipient
rifting stage (cycle l) of the Late Archaean craton
of the Fennoscandian (Baltic) Shield; the Kainuu-
Lapponi tectofacies contains all the rocks depo-
sited, extruded or intruded during the inland
basin/narrow sea stage (cycle 2); and the Jatuli tec-
tofacies contains those deposited, extruded or in-
truded during the open sea stage (cycle 3) and be-
fore the beginning of the deposition of the flys-
choidic Kaleva-type rocks (Table 3).

These three tectofacies, called collectively the
Karelia tectofacies, represent the platformal and
continental margin supracrustal rocks of the Ka-
relia sea, which bordered in and transgressed from
somewhere north or northwest (probably from the
area of the present Norway and Barents seas) upon
the Fennoscandian Shield in early Proterozoic. The
Karelia tectofacies comprise the formations in-
cluded by some authors, e.g. Silvennoinen (1985),
in the Karelia Supergroup, but this practice im-
plies, according to the definition of the usage of
a supergroup, that all the formations in question
once constituted a physically coherent and conti-
nuous rock body. However, the Karelia tectofa-
cies may, and probably do, include rock bodies
deposited in more than one sedimentary basin.
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Fig. 15. A schematic reconstructional cross section of the first three Karelia tectofacies from North Karelia via Kainuu to Central Lap
land . I) Sumi-Sariola. 2) Proximal metasediments of the Kainuu-Lapponi tectofacies. 3) Distal metasediments of the Kainuu-Lapponi 
tectofacies. 4) Metavolcanics of the Kainuu-Lapponi tectofacies. 5) First transgression of the Jatuli tectofacies . 6) Second transgression 
of the Jatuli tectofacies. Also shown are the 2440 Ma old layered intrusions of Koillismaa and the Jatulian metalavas . Note that the Kainuu
Lapponi tectofacies may consist of several individual basins or subbasins. 
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quences of the Kainuu-Lapponi and the Jatuli 
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gested lithostratigraphic nomenclatures of their 
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Sariola, Kainuu and Jatuli have lost their appli
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present author refused to use them anymore as 
lithostratigraphic group names outside their type 
areas (Laajoki 1986b). However, he has used in
formal expressions such as Sumi-Sariola-type 
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the units should be redefined as proposed in the 
fo11owing. 

104 

Instead of facies, the products of the first three 
Karelian cycles are considered as tectofacies in the 
fo11owing senses: the Sumi-Sariola tectofacies con
tains a11 the volcanic and sedimentary rocks de
posited, extruded or intruded during the incipient 
rifting stage (cycle 1) of the Late Archaean craton 
of the Fennoscandian (Baltic) Shield; the Kainuu
Lapponi tectofacies contains a11 the rocks depo
sited, extruded or intruded during the inland 
basin/ narrow sea stage (cycle 2); and the Jatuli tec
tofacies contains those deposited, extruded or in
truded during the open sea stage (cycle 3) and be
fore the beginning of the deposition of the flys
choidic Kaleva-type rocks (Table 3). 

These three tectofacies, ca11ed collectively the 
Karelia tectofacies, represent the platformal and 
continental margin supracrustal rocks of the Ka
relia sea, which bordered in and transgressed from 
somewhere north or northwest (probably from the 
area of the present Norway and Barents seas) upon 
the Fennoscandian Shield in early Proterozoic. The 
Karelia tectofacies comprise the formations in
cluded by some authors, e.g. Silvennoinen (1985), 
in the Karelia Supergroup, but this practice im
plies, according to the definition of the usage of 
a supergroup, that a11 the formations in question 
once constituted a physica11y coherent and conti
nuous rock body. However, the Karelia tectofa
eies may, and probably do, include rock bodies 
deposited in more than one sedimentary basin. 
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Table 3. Definition of the Karelia tectofacies in Finland. A tectofacies includes all the rocks deposited, extruded or intruded during a speci-

fic tectonosedimentary phase of a sedimentation system (cf. Campbell & Cecile l98l).

Tectofacies Tectonosedimentary
phase

Lithologies Type examples Other examoles

Jatuli
(youngest)

Open sea. At least
two major trans-
gressive stages

Sediments : mainly pure fluvial-shallow
marine quartzites with lesser dolomites
and metapelites. Storm-generated
metasilts.

Volcanics: local basaltic metalavas.

2nd transgression:

lst transgression:

Kvartsimaa, Tikanmaa
and Rantamaa forma-
tions (Perttunen 1985).

Somerjärvi Group.

Vihajärvi Group
Kivalo Formation
(Perttunen 1985).

Uppermost "Jatulian"
quartzites in North
Karelia, Kuusamo
and Lapland.

Kainuu-
Lapponi

Narrow sea-inland
basin

Sediments: a) proximal: fluvial-
shallow-water pebble conglomerates,
sericite quartzites, ortho-quartzites,
b) distal: metaturbidites, shallow-

water quartzites and metapelites
c) iron-formations

Vo lcanics : (komatiitic?)-basaltic-
felsic metalavas

Kainuu Group

Central Puolanka
Group
Kittilä occurrences
(Paakkola l97l)

Upper Lapponi
metavolcanics

Lowerrnost quartzites
in North Karelia and
of the Lower Lapponi

Metavolcanics of the
Central Puolanka
Group

Sumi-Sariola
(oldest)

Incipient rifting Sediments: Immature fluvial-lacustrine
conglomerates, quartzites and
metasilts. Mixed epi-volcanoclastic
metasediments.

Volcanics: Subaerial basaltic-andesite
lavas.

Kurkikylä Group Saarikiekki (Luuk-
konen & Lukkarinen
1986).

Sariola of North
Karelia (Pekkarinen
1979, Marmo et al.
l 988).

They correspond to Park and coauthors' (1984)
early Proterozoic craton break-up stage, except
that I include the 1970 Ma breaking event in the
Kaleva tectofacies. (Laajoki 1988, in press)

The nature of the Sumi-Sariola rocks varies
from one palaeorift to another, depending on the
nature and rate of rifting, associated sedimenta-
tion and volcanic activity. The bipartite name is
used to indicate that this tectofacies contains both
the metavolcanic rocks classified in Soviet Kare-
lia as the Sumi, and the arkosites and conglo-
merates named by Eskola (1919) the Sariola.

The metasediments of the Kainuu-Lapponi tec-
tofacies can be subdivided into proximal and dis-
tal types. The quartz-pebble conglomerates, seri-
cite quartzites and quartzites of the Kainuu Group
at the northern end of the Kainuu Schist Belt serve
as a type example of the former and the Central
Puolanka Group of the latter. In Lapland, the
quartzites of this tectofacies include distinctive
green fuchsite-bearing varieties. The Lapponi in
the name of this tectofacies refers to the fact that

abundant volcanic rocks are encountered in Lap-
land.

The Jatuli has many typical sections, of which
the upper part of the classical one in North Kare-
lia (e.g. Piirainen's (1968) Arkosite and Ortho-
quartzite II formations, Marmo and coauthors'
(1988) Jero and Puso formations) has been selected
as a type example. It is stressed, however, that the
lithologies of the Jatuli tectofacies vary from place
to place, especially in the abundance of metavol-
canics and dolomites, and that the works by Pert-
tunen (1985) and Kangas (1985) indicate that the
Jatuli may contain more than one transgressive se-
quence. Note also that some of the conglomerates
and quartzites of Lapland, classified e.g. by Sil-
vennoinen (1985) as the Jatuli may in fact be
younger and should be included in the Upper
Kaleva tectofacies that produced the Pyssykulju
Formation in Kainuu (see Laajoki 1988, in press).

To sum up, the Nenäkangas-type conglomerates
and their lateral equivalents represent the basal
gravels that deposited at the beginning of the sed-
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imentation of the Jatuli tectofacies in easten Fin-
land and eastern central Lapland. It is a challenge
to locate and date this tectofacies boundary not
only in Finland but also in Finnmarksvidda, in the
Karelian tectonic windows of the Caledonides and

in the Norrbotten area, where quartzites and con-
glomerates rest on metasediments and metavolca-
nics of the Kainuu-Lapponi type (e.g. Siedlecka
et al. 1985, Olsen and Nilsen 1985, Pharaoh et al.
1983, Witschard 1984).
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THE DEPOSITIONAL ENVIRONMENT OF THE EARLY
PROTER OZOIC TUOMIVAARA IRON-FORMATION AND
ASSOCIATED METASEDIMENTS, EASTERN FINLAND

by
Seppo Gehör and Matti Havola

Gehör, Seppo & Havola, Matti, 1988. The depositional environment of
the early Pfoterozoic Tuomivaara Iron-Formation and associated meta-
sediments, eastern Finland. Geological Survey of Finland, Special Paper
5. 109-133, 22 figures and 2 tables.

The early Proterozoic Karelides in the Sotkamo area, eastern Finland,
comprise four metasedimentary sequences. They begin with the continental
and platformal successions at the base, being separated by a nonconformity
from the Archaean basement complex. A thick turbiditic unit, classified
as the Sotkamo and Nuasjärvi groups, overlies these sequences uncon-
formably; locally the first mentioned may also directly overlie the base-
ment complex. The Sotkamo Group is dominated by turbiditic conglo-
merates, sandstones and pelites, including the phosphoritic silicate-oxide-
sulphide iron-formation. The turbidites accumulated in an offshore basin
generated within rift and fault systems about 2250-1900 Ma ago.

The lower part of the Sotkamo Group shows evidence of rapid deposi-
tion in moderately shallow water within the proximal part of the deposi-
tional system. The middle part of it, including the iron-formation, deposited
in deeper water during general subsidence of the basin. This succession
is composed of "classic turbidites" and is dominated by Bouma's Tu" se-
quences. Conditions during deposition of the chemical sediments were char-
acterized by low siliciclastic productivity, even though sporadic turbiditic
flows and volcanic activity interrupted precipitation. The turbidites in upper
part of the group are partly chaotic containing carbonaceous and calcareous
beds, generally, however, showing sedimentological features similar as

underlying turbidites.
The turbidite unit is capped by a massive pinkish sandstone, indicating

deposition in a fluvio-deltaic domain.
The metasediments of the Nuasjärvi Group are predominantly mica

schists with interbeds ofgraphitic schists. The contact between the Sotka-
mo and Nuasjärvi groups is tectonic in character, and the mutual relation
between these groups is obscure. However, the prominent sedimentologi-
cal features suggest that the pelitic schists in the Nuasjärvi Formation are
deep-water equivalents of the turbidites of the Sotkamo Group.

Key words: metasedimentary rocks, iron formations, stratigraphy, paleo-
sedimentology, deposition, Proterozoic, Tuomivaara, Sotkamo, Finland.
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THE DEPOSITIONAL ENVIRONMENT OF THE EARLY 
PROTEROZOIC TUOMIVAARA IRON-FORMATION AND 
ASSOCIATED METASEDIMENTS, EASTERN FINLAND 

by 
Seppo Gehör and Matti Havola 

Gehör, Seppo & Havola, Matti , 1988 . The depositional environment of 
the early Proterozoic Tuomivaara Iron-Formation and associated meta
sediments, eastern Finland. Geological Survey oj Finland, Special Paper 
5. 109-133, 22 jigures and 2 tables. 

The early Proterozoic Karelides in the Sotkamo area, eastern Finland, 
comprise four metasedimentary sequences. They begin with the continental 
and platformal successions at the base, being separated by a nonconformity 
from the Archaean basement complex. A thick turbiditic unit, c1assified 
as the Sotkamo and Nuasjärvi groups, overlies these sequences uncon
formably; locally the first mentioned mayaiso directly overlie the base
ment complex . The Sotkamo Group is dominated by turbiditic conglo
merates, sandstones and pelites, including the phosphoritic silicate-oxide
sulphide iron-formation . The turbidites accumulated in an offshore basin 
generated within rift and fauIt systems about 2250-1900 Ma ago. 

The lower part of the Sotkamo Group shows evidence of rapid deposi
tion in moderately shallow water within the proximal part of the deposi
tional system. The middle part of it, including the iron-formation , deposited 
in deeper water during general subsidence of the basin . This succession 
is composed of "c1assic turbidites" and is dominated by Bouma's Tae se
quences. Conditions du ring deposition of the chemical sediments were char
acterized by low siliciclastic productivity, even though sporadic turbiditic 
flows and volcanic activity interrupted precipitation. The turbidites in upper 
part of the group are partly chaotic containing carbonaceous and calcareous 
beds, generally , however, showing sedimentological features similar as 
underlying turbidites . 

The turbidite unit is capped by a massive pinkish sandstone, indicating 
deposition in a fluvio-deItaic domain. 

The metasediments of the Nuasjärvi Group are predominantly mica 
schists with interbeds of graphitic schists. The contact between the Sotka
mo and Nuasjärvi groups is tectonic in character, and the mutual relation 
between these groups is obscure. However, the prominent sedimentologi
cal features suggest that the pelitic schists in the Nuasjärvi Formation are 
deep-water equivalents of the turbidites of the Sotkamo Group. 

Key words : metasedimentary rocks, iron formations, stratigraphy, paleo
sedimentology, deposition , Proterozoic, Tuomivaara, Sotkamo, Finland. 

S. Gehör, University oj Oulu, Department oj Geology, Linnanmaa, 
SF-90570 Oulu, Finland. 
M. Ha vola; Geological Survey oj Finland, P.O. Box 237, SF-70101 Kuo
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TNTRODUCTION

Regional Geology

The Kainuu Schist Belt, a part of the early Pro-
terozoic Karelides in eastern Finland, is a N-S-
trending S-shaped schist belt with a length of about

240km and a maximum width of 50 km.
dered by Archaean basement complexes
the east and in the west (Fig. l).
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Fig. l. Simplified lithological map of the southern central part of the Kainuu Schist Belt with an index map. Symbols:
l) Archaean basement complex. 2-8) Karelian rocks:2. Quartzites, 3. Turbiditic conglomerates,4. Turbidites, 5. lron-
formation, 6. Carbonaceous phyllites with iron sulphides, 7. Mica schist and 8) Mafic to ultramafic rocks.
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INTRODUCTION 

Regional Geology 

The Kainuu Schist Belt, a part of the early Pro
terozoic Karelides in eastern Finland , is a N-S
trending S-shaped schist belt with a length of about 

240 km and a maximum width of 50 km. It is bor
dered by Archaean basement complexes both in 
the east and in the west (Fig . 1) . 
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The metasedimentary sequence of the Karelides
in Kainuu, which lies nonconformably on the
Archaean basement complex (Simonen 1980), is
composed of the continental Sariola tectofacies,
250c,-2300 Ma (Meriläinen 1980), followed bythe
platformal transgressive Jatuli tectofacies, 2300-
2000 Ma (Kouvo and Tilton 1966, Kouvo 1976),
including the Vuokatti Group in the Sotkamo area,
and the geosynclinal Kaleva tectofacies, Zl00_
1900 Ma (Huhma 1986), which is divided into the
Sotkamo Group and the Nuasjärvi Group in the
study area (Fig. 2).

The Vuokatti Group consists of basal forma-
tions, sericite schists and arkosic to mature-
ultramature quartzites. In the upper part of the
group the quartzites are interstratified with minor
metavolcanites and mica schists. Diabases. 2250-
2000 Ma in age (Sakko 1971, Kouvo 1976\, cut the
Jatuli and Sariola sequences and the Archaean
basement complex in a number of N-NW{rending
dykes, but they are absent from the overlying
groups.

The Sotkamo Group, the main subject of the
present study, and the Vuokatti Group (Fig. 2) are
separated from each other by an unconformity
(Väyrynen 1928, 1933, 1954; Havola 1980, 1983),
of which the best known evidence is the breccia
at Rieskavaara. Sedimentary breccias, conglome-
rates, sandstones, mica schists, iron-formation,
tuffaceous schists and carbonaceous schists con-
stitute the main lithologies of this group.

The majority of the rocks now included in the
Sotkamo Group were previously (Mäkelä 1976)
correlated with the Marine Jatuli of North Kare-
lia, a sequence of marine transgression consisting
of dolomites, metavolcanites and carbonaceous
schists (shungites) of the Upper Jatuli (Väyrynen
1933,1939,1954; Pekkarinen 1979a). In the study
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Fig. 2. Chronostratigraphic and lithostratigraphic section of the Ka-
relides in the Sotkamo area.

area the dolomites are lacking, but they have been

encountered at Paakki, l0 km north of Torinkylä
(Mäkelä 1976).

The Nuasjärvi Group, which tectonically over-
lies the Sotkamo Group, is composed mainly of
mica schists whith interbeds of graphitic schists
and amphibolites (Fig. 2).

Previous works

The first report on the iron occurences in the
Tuomivaara area was published by Tilly (1920).
Wilkman (1921, 1931) studied the area in the
course of regional bedrock mapping at a scale of
1 :400,000, and Wegman (1929\ conducted a tec-
tonic analysis of the Kainuu Schist Belt, including
the Tuomiv aar a ar ea. Väyrynen ( 1 93 3, 1939, 195 4)

classified the Karelides as Jatuli and Kaleva and
described in detail the Rieskavaara breccia, which
he included in the basal formations of the Kaleva.

Suomen Malmi Oy prospected in the Tuomivaa-
ra area in the late 1950s. On the basis of the com-
pany's findings, Suominen (1957) made a detailed
geological investigation of the iron occurrences and

suggested a correlation between the black schists
in his study area and those at Mulo, North Karelia.
In the early 1970s Rautaruukki Oy carried out ex-
tensive mapping and investigations with diamond
drilling in the Tuomivaara-Paakki area. Nuuti-
lainen and Makela 0973) and later Mäkelä (1976)
published a detailed study of the stratigraphy and
petrology of the Tuomivaara iron-formation. In
the association with regional bedrock mapping by
the Geological Survey of Finland at a scale of
I : 100,000 (sheet 3433), Havola undertook a

lithological and stratigraphic investigation of the
iron-formation and associated rocks (Havola 1980,

1981, 1983).
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The metasedimentary sequence of the Karelides 
in Kainuu, which lies nonconformably on the 
Archaean basement complex (Sirnonen 1980), is 
composed of the continental Sariola tectofacies 
2500-2300 Ma (Meriläinen 1980), followed by th~ 
platformal transgressive J atuli tectofacies, 2300-
2000 Ma (Kouvo and Tilton 1966, Kouvo 1976), 
inc1uding the Vuokatti Group in the Sotkamo area, 
and the geosync1inal Kaleva tectofacies, 2100-
1900 Ma (Huhma 1986), which is divided into the 
Sotkamo Group and the Nuasjärvi Group in the 
study area (Fig. 2). 

The Vuokatti Group consists of basal forma
tions, serieite schists and arkosie to mature
ultrarnature quartzites. In the upper part of the 
group the quartzites are interstratified with minor 
metavolcanites and mica schists. Diabases, 2250-
2000 Ma in age (Sakko 1971, Kouvo 1976), cut the 
Jatuli and Sariola sequences and the Archaean 
basement complex in a numberof N-NW-trending 
dykes, but they are absent from the overlying 
groups. 

The Sotkamo Group, the main subject of the 
present study, and the Vuokatti Group (Fig. 2) are 
separated from each other by an unconformity 
(Väyrynen 1928, 1933, 1954; Havola 1980, 1983), 
of which the best known evidence is the breccia 
at Rieskavaara. Sedimentary breccias, conglome
rates, sandstones, mica schists, iron-formation, 
tuffaceous schists and carbonaceous schists con
stitute the main lithologies of this group. 

The majority of the rocks now inc1uded in the 
Sotkamo Group were previously (Mäkelä 1976) 
correlated with the Marine Jatuli of North Kare
lia, a sequence of marine transgression consisting 
of dolomites, metavolcanites and carbonaceous 
schists (shungites) of the Upper Jatuli (Väyrynen 
1933, 1939, 1954; Pekkarinen 1979a). In the study 
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Fig. 2. Chronostratigraphic and lithostratigraphic section of the Ka
relides in the Sotkamo area. 

area the dolomites are lacking, but they have been 
encountered at Paakki, 10 km north of Torinkylä 
(Mäkelä 1976). 

The Nuasjärvi Group, which tectonically over
lies the Sotkamo Group, is composed mainly of 
mi ca schists whith interbeds of graphitic schists 
and amphibolites (Fig. 2). 

Previous works 

The first report on the iron occurences in the 
Tuomivaara area was published by Tilly (1920). 
Wilkman (1921, 1931) studied the area in the 
course of regional bedrock mapping at a scale of 
1 : 400,000, and Wegman (1929) conducted a tec
tonie analysis of the Kainuu Schist Belt, including 
the Tuomivaara area. Väyrynen (1933, 1939, 1954) 
c1assified the Karelides as J atuli and Kaleva and 
described in detail the Rieskavaara breccia, whieh 
he included in the basal formations of the Kaleva. 

Suomen Malmi Oy prospected in the Tuomivaa
ra area in the late 1950s. On the basis of the com
pany's findings, Suominen (1957) made a detailed 
geologieal investigation of the iron occurrences and 

suggested a correlation between the black schists 
in his study area and those at Mulo, North Karelia. 
In the early 1970s Rautaruukki Oy carried out ex
tensive mapping and investigations with diamond 
drilling in the Tuomivaara-Paakki area. Nuuti
lainen and Mäkelä (1973) and later Mäkelä (1976) 
published a detailed study of the stratigraphy and 
petrology of the Tuomivaara iron-formation. In 
the association with regional bedrock mapping by 
the Geologieal Survey of Finland at a scale of 
1 : 100,000 (sheet 3433), Havola undertook a 
lithologieal and stratigraphie investigation of the 
iron-formation and associated rocks (Havola 1980, 
1981, 1983). 
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Present

Besides regional bedrock mapping, the authors
have carried out field work on the sedimentology
and stratigraphy of the Tuomivaara area. The
study material includes drill data from Suomen
Malmi, Rautaruukki Oy and the Geological Survey

study

of Finland, on l0 holes from the iron-formation
and associated rocks in the Tuomivaara area.

Tables I and2 give, respectively, representative
modal and chemical analyses of selected rock types
of the study area.

DESCRIPTION OF THE SOTKAMO GROUP

The Sotkamo Group rests unconformably on
the Vuokatti Group (at Naapurivaara) or locally
directly on the.p,asement complex (at Tuulimäki),
being about 5 km wide at Naapurivaara and about
2 km at Tuulimäki. In the study area, the
sediments* in the Sotkamo Group comprise a

* The prefix 'meta' is not used with rock names in the following
description even though the rocks have undergone regional meta-
morphism under conditions of amphibolite facies.

westward-facing sequence, which, on account of
polyphase deformation, is slightly overturned and
now dips to the east at a steep angle. The group
is divided into four formations, which are from
bottom to top: Torinkylä, Tuomivaara, Ruoko-
nen and Naapurivaara (Figs. 2, 3 and 4).

After deposition, the rocks were complexly de-
formed and regionally metamorphosed in amphi-

Table l. Point-counter analyses of the Sotkamo Group sedimentary rocks

l5l4l3t2lll0

Quartz
K-feldspar
Plagioclase
Muscovile
Biotite
Chlorite
Garnet
Staurolite
Tourmaline
Carbonate
Graphite
Opaque
Zircon
Apatite

93.2 88.4 84.6 90.4
5. r 6.0 12.8 8.1

0.4 t.2 0.6
0.1 I .8
0.1 0.7

87.r 74.8 83.0 49.6
12.3 23.2 0.4
0.2 0.2 0.3
2.2 1.5 2.7 3.1

2.4 14.9
1.8 1.7

1.0

6.'1

0.3

o.4 1 .l
0.3 5.6 I .0

0.1

0'2
1.9

90.1 89.4
7 ;t 8.1

0.4 2.O
0.2
0.3

60.7 22.1
to

1.0
15.4

60.2

40.0 21 .6 55.9

1.0 2.0
0.1 0.6 1.9 0.8

0.1

2.9
14.4
4.5

0.1
1.0 0.2
0.2 0.2

0.1

l.l
34.1

19.0T1

1.9
,'1

J.J

nt

0.3 0.1 0.3
5.0

76.4 7.0
3l .8

0.2 0.7

2.9
1.5 r.3
0.2

0.1

0.4
0.1

l-3) Subarkose, Torinkylä Formation, Member B. 4-6) Subarkose, Naapurivaara Formation. 7) Sublitharenite. Ruokonen Formation.
8) Arkose, Naapurivaara Formation. 9) Quartzwacke, Naapurivaara Formation. l0) Staurolite-mica schist, Torinkylä Formation, Member
C. l1) Graphitic schist, Ruokonen Formation l2-13) Argillite, Torinkylä Formation; Member B. l4) Argillite, Naapurivaara Formation.
l5) Argillite, Nuasjärvi Group.

Table 2. Representative bulk chemical analyses of the Sotkamo Group sedimentary rocks.

l0

Naro
Al2o3
Ti02
KrO
Mgo
CaO
PrOt
MnO
sio,
Fero,

0.00
9.50
0.60
0. l3
3.50
4.81
0. l3
l.3l

63.40
18.20

0.50
15.30
1.09
4.10
3.90
o.67
0.16
0.02

65.40
8.46

0.80
10.30
0.80
0.10
4.90
< 1^

0.17
0.98

56.60
20.30

0.00
9.70
0.71
0.05
5.'70
8.07
0.24
2.73

44.00
26.80

0. l0
19. l0
0.89
4.05
3.50
0.r4
0. l5
0.o2

63.30
7.11

0.60
13.60
0.58
4.12
2.50
2.34
0. l3
0.07

71.80
4.49

0.00
12.50
0.64
3.50
4.00
1.36
0.zl
0.09

42.60
33. l0

0.00
5.20
0.08
0.12
1.80
| 1A

0. l5
o.25

52.20
40.30

0.40 0.0
20.40 2.9
o.52 0.14
7.59 0.78
2.70 1.0
0.27 9.60
0.11 0.04
0.02 0.09

62.00 84.30
4.06 1.80

Tot. 100. l0 100.70 98.00 98.40 100.30 98. l0 98.20 100.70

Whole rock analyses of the Sotkamo Group sedimentary rocks, analysed at rhe University of Oulu by XRF methods. l) Amphibolite,
Tuomivaara Formation. 2) Staurolite-garnet-mica schist, Torinkylä Formation, member C. 3) Amphibolite, Tuomivaara Formation. 4)
Almandine-grunerite-hornblende rock, Tuomivaara Formation. 5) Hematite-bearing pelite, Naapurivaara Formation. 6) pelite, Torinkylä
Formation, member B. 7) Iron-rich pelitic interbed in iron-formation, Tuomivaara Formation. 8) Silicate-oxide iron-formation, Tuomi-
vaara Formation. 9) Pelite, Ruokonen Formation. l0) calcarenite. Ruokonen Formation.
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Present study 

Besides regional bedrock mapping, the authors 
have carried out field work on the sedimentology 
and stratigraphy of the Tuomivaara area. The 
study material includes drill data from Suomen 
Malrni, Rautaruukki üy and the Geological Survey 

of Finland, on 10 holes from the iron-formation 
and associated rocks in the Tuomivaara area. 

Tables 1 and 2 give, respectively, representative 
modal and chemical analyses of selected rock types 
of the study area. 

DESCRIPTION OF THE SOTKAMO GROUP 

The Sotkamo Group rests unconformably on 
the Vuokatti Group (at Naapurivaara) or locally 
directly on theJ~~~ement complex (at Tuulimäki), 
being about 5 km wide at Naapurivaara and about 
2 km at Tuulimäki. In the study area, the 
sediments* in the Sotkamo Group comprise a 

• The prefix ' meta ' is not used with rock names in the following 
description even though the rock s have undergone regional meta
morphism under conditions of amphibolite facies. 

westward-facing sequence, which, on account of 
polyphase deformation, is slightly overturned and 
now dips to the east at a steep angle. The group 
is divided into four formations, which are from 
bottom to top: Torinkylä, Tuomivaara, Ruoko
nen and Naapurivaara (Figs. 2, 3 and 4). 

After deposition, the rocks were complexly de
formed and regionally metamorphosed in amphi-

Table I . Point-counter analyses of the Sotkamo Group sedimentary rocks . 

2 3 4 5 6 7 8 9 10 ll 12 13 14 15 

Quartz 93 .2 88.4 84.6 90.4 90.1 89.4 87 .1 74.8 83.0 49.6 60.7 22 . 1 40.0 21.6 55.9 
K-feldspar 5.1 6.0 12.8 8.1 7.7 8.1 12.3 23 .2 0.4 1.9 
Plagioclase 0.2 0.2 0.3 1.0 
Muscovite 0 .4 1.2 0.6 0.4 2.0 2.2 1.5 2.7 3.1 15.4 1.1 76.4 7.0 
Biotite 0. 1 1.8 0.2 2.4 34.9 60.2 34.1 31.8 
Chlorite 0 .1 0.7 0.3 1.8 1.7 0.2 0.7 
Gamet 1.0 7.7 19.0 
Staurolite 6.7 
Tourmaline 0.3 1.9 0.3 0.1 0.3 
Carbonate 0.1 2.9 2.7 5.0 
Graphite 1.0 2.0 1.0 0.2 0.4 1.1 14.4 3.3 2.9 
Opaque 0 .1 0 .6 1.9 0.8 0.2 0 .2 0.3 5.6 1.0 4.5 0.4 1.5 1.3 
Zircon 0.1 0 .1 0.1 0.1 0.2 
Apatite 0.2 1.1 0.2 0. 1 

1.9 

1-3) Subarkose, Torinkylä Formation , Member B. 4- 6) Subarkose, Naapurivaara Formation . 7) Sublitharenite, Ruokonen Formation. 
8) Arkose, Naapurivaara Formation . 9) Quartzwacke, Naapurivaara Formation. 10) Staurolite-mica schist , Torinkylä Formation, Member 
C. 11) Graphitic schist , Ruokonen Formation 12-13) Argillite, Torinkylä Formation ; Member B. 14) Argillite , Naapurivaara Formation. 
15) Argillite, Nuasjärvi Group . 

Table 2. Representative bulk chemical analyses of the Sotkamo Group sedimentary rocks. 

2 3 4 5 6 7 8 9 10 

Na20 0 .00 0 .50 0.80 0 .00 0.10 0.60 0.00 0.00 0.40 0 .0 
AI20 3 9.50 15.30 10.30 9.70 19.10 13 .60 12.50 5.20 20.40 2.9 
Ti02 0 .60 1.09 0.80 0.71 0.89 0.58 0.64 0.08 0.52 0.14 
KP 0.13 4.10 0. 10 0 .05 4.05 4.12 3.50 0.12 7.59 0.78 
MgO 3.50 3.90 4.90 5.70 3.50 2.50 4.00 1.80 2.70 1.0 
CaO 4.81 0.67 5.74 8.07 0.14 2.34 1.36 1.24 0.27 9.60 
P20 S 0.13 0.16 0 .17 0.24 0. 15 0.13 0.21 0. 15 0. 11 0.04 
MnO 1.31 0.02 0 .98 2.73 0.02 0.07 0.09 0.25 0.02 0.09 
Si02 63.40 65.40 56.60 44.00 63 .30 71.80 42.60 52 .20 62.00 84.30 
Fe20 3 18.20 8.46 20.30 26.80 7.11 4.49 33.10 40.30 4.06 1.80 

Tot. 101.80 100.10 100.70 98.00 98.40 100.30 98 . 10 101.40 98.20 100.70 

Whole rock analyses of the Sotkamo Group sedimentary rocks, analysed at the University of Oulu by XRF methods. I) Amphibolite, 
Tuomivaara Formation. 2) Staurolite-garnet-mica schist, Torinkylä Formation, member C. 3) Amphibolite, Tuomivaara Formation. 4) 
Almandine-grunerite-hornblende rock, Tuomivaara Formation . 5) Hematite-bearing pelite, Naapurivaara Formation. 6) Pelite, Torinkylä 
Formation , member B. 7) Iron-rich pelitic interbed in iron-formation, Tuomivaara Formation . 8) Silicate-oxide iron-formation, Tuomi-
vaara Formation. 9) Pelite, Ruokonen Formation . 10) Calcarenite, Ruokonen Formation. 
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bolite facies (Mäkelä 1976, Havola 1983) during
the Svecokarelian orogeny 1885-1900 Ma ago
(Hopgood et al. 1983). PT-conditions reached their
maximum at about 500-520"C/2-5 Kbar (Gehor
and Laajoki 1987).

A characteristic feature of the boundary zone
of the Sotkamo Group and basement complex is
the occurrence of blocks and fragments of the
Vuokatti Group quartzite, tens to hundreds of
metres in size, within the turbidites of the Sotka-
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mo Group (Fig. a). Their origin is poorly under-
stood. They may have been generated during the
regional deformation, but possibly earlier, i.e. as
slide blocks or thrust plates, similar to those de-
scribed by Crowell (1974) in his pull-aparr basin
model, as a result of strike slip faulting.

Another special feature of the boundary zone
is the occurrence of shearbreccias (in situ breccia)
that, like the blocks, may result from early fault-
ins.

Torinkylä Formation

The main lithologies of the Torinkylä Forma-
tion consist of sedimentary breccias, sandstones,
conglomerates and pelites. The Formation is about
3 km wide at Naapurivaara, but wedges north-
wards to about 100 m at Tuulimäki. In the south-
ern part of the study area the underlying Vuokat-
ti Group is rather thick, but it pinches out quick-
ly northwards, where the Torinkylä Formation de-
posited directly on the Archaean basement com-
plex (Fig. 4).

In terms of lithologies and essential sedimento-
logical features the formation is divided into three
members: A. B and C.

Member A: sedimentary breccias, conglomerates
and sandstones

Member A is less than 50 m thick, has wedge
shaped discontinuous beds mainly composed of
sedimentary breccias and conglomerates in the
lower part, passing to sandstones and pelites in the
upper part. This member is best exposed at Ries-
kavaara and has been previously described by Väy-
rynen (1928, 1954) and Havola (1980, 1983).

The clasts of the sedimentary breccia (Fig. 5)
are mainly composed of orthoquartzite with minor
arkose and sericite quartzite, being very similar to
the lithologies in the Vuokatti Group. Besides the-
se, clasts of granite gneiss, granite, various mica
schists and amphibolites have also been encoun-
tered. They are usually angular to subangular, al-
though rounded clasts may also be found. Their
size ranges from I cm to about 50 cm on average.
However, some clasts up to 2 m in diameter also
occur.

Excluding schistosity, the breccias do not show
preferred orientation. They are poorly sorted and
mostly clast-supported. The matrix is mainly com-
posed of quartz and feldspar. Biotite, carbonate,
chlorite, tremolite and sericite occur as minor con-
stituents. In places within the matrix-supported

breccia, the matrix shows subtle internal stratifi-
cation. Being poorly sorted and angular, the clasts
were probably not transported for any appreciable
distance during sedimentation.

Polymictic conglomerates (Fig. 6) occur in beds
ranging from a pebble layer to occurrences about
l-5 m thick. The conglomerate beds are disor-
ganized and either clast or matrix-supported. The
clasts embedded in sandstone matrix are subround-
ed to rounded, with an average diameter of 5 cm.
The composition of the clasts differs from that of
breccias, in that that granite gneiss, mica schist and
amphibolite are more abundant at the expense of
quartzites.

The lithologies and sedimentary features of
Member A are very similar to those described by
Surlyk (1984, conglomerate facies 3) as catastroph-
ic submarine rock fall avalanches in a scarp zone.
They also bear a marked resemblance to the ac-
cumulates in canyons and feeder channels included
by Walker (1975) in his disorganized-bed model
and are comparable, as well, to Nilsen's (1984)
submarine canyon conglomerates.

Member B: sandstones, conglomerates, pelites

The grey to dark grey sandstones in Member B
are petrographically classified as subarkoses, ar-
kosic wackes and subgreywackes. The sandstone
beds are usually 5-100 cm, sometimes even 2 m
thick. They are mostly massive or less frequently
banded on a centimetre scale with a grain size
varying from that of fine to medium sand. Pla-
nar cross stratification (Fig. 7) with cross-sets
5-10 cm thick, which characterizes the lower part
of the sequence, is not common elsewhere. The
sandstone beds display scoured bases and flat tops.
The occurrence of rip-up clasts (chips) of dark
carbonaceous shale, usually 0.5-4 mm thick and
about l-3 cm long, is a typical feature of the
sandstone beds throushout Member B.
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ed to rounded, with an average diameter of 5 cm. 
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The lithologies and sedimentary features of 
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thick. They are mostly massive or less frequently 
banded on a centimetre scale with a grain size 
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Two kinds of conglomerate are included in this
sequence. The first of these, which is typical of
the lower part of the member, is a graded or un-
graded polymictic conglomerate that occurs in beds

Fig. 5. Rieskavaara breccia, the clasts are composed mainly of Vuokatti-type quartzites, and the
matrix of graphitic sandstone. Torinkylä Formation/Member A. Scale 5 cm.

from a single pebble layer to about 1.5 m in thick-
ness. The clasts, which are embedded in sandstone
matrix, are compositionally similar to those in the
conglomerates of Member A. They are rounded

Fig. 6. Matrix-supported pebble-conglomerate. Exposure on southern side of Rieskavaara hill, Torinkylä Forma-
tion, upper part of Member A. Scale 12 cm.
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Fig. 7. Cross- and plane-bedded T"o"-T0." turbidite. Torinkylä
Formation/Member B. Exposure northeastwards from Naapurivaara,
Talvinotko. Scale l2 cm.

to subrounded, and usually 5-15 cm in diame-
ter. One orthoquarzite clast in the Talvinotko con-
glomerate attains the exceptional size of 2 m. In
all respects this association seems to be analogous
to the pebbly sandstone facies of Walker (1978),
typical of the upper flow regime.

The second 'type of conglomerate, which is

mainly confined to the upper part of the Member
B but also occurs as sporadic beds throughout the
sequence, is an ungraded matrix-supported pebble

conglomerate with pelitic matrix (Fig. 8). The
clasts, mostly rounded to subrounded, are com-
posed of a material similar to that in the former
type, being usually l-10 cm in diameter. The
conglomerates are in beds 0.5-2 m across. Lowe
(1982) classifies conglomerates like these as cohe-
sive debris flow type.

The amount of pelites increases upwards in the
sequence. Being similar to "classic turbidites", the
rocks provide evidence of a waning rate of sedi-
mentation and suggest transition to a lower flow
regime.

Near the base of the Tuomivaara Formation the
pelites are locally succeeded by fine chert interbeds.
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Fig. 8. Matrix-supported pebble-conglomerate as an interbed in
turbiditic schist of member C in the Torinkylä Formation, Naapuri-
vaara. Scale 12 cm.

The abundance of almandine garnets reflects the
increased iron content of the pelites, as described
by Mäkela Q976). The proportion of chemical
background precipitation increases gradationally
upwards, and the boundary with the iron-forma-
tion seems to be gradual. The turbidites occure in
beds 5-20 cm thick (Figs. 9 and l0). The pelites
show fine lamination, are usually ungraded and
range in thickness from millimetres to tens of cen-
timetres, although they may occur in beds 2 m
across.

The Bouma (1962) subdivisions, Tu., Tub., Tb.
and Tuo., can be recognized in Member B. The
character of the conglomerates and the relation of
cross-stratified sandstone, division T., to beds of
graded conglomerate and massive sandstones rath-
er than to fine sediments are evidence of deposi-
tion in an upper flow regime and in moderately
shallow water. As a whole, it seems reasonable to
suggest that Member B is a downstream equivalent
to Member A and that the deposition of the up-
per part of this section was accompanied by sub-
sidence of the basin. Alternatively, the upward
fining can be attributed to the retrogradational
character of the whole sedimentary sequence.
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Fig. 7. Cross- and plane-bedded T'be- T be, turbidite. Torinkylä 
Formation/ Member B. Exposure northeastwards from Naapurivaara, 
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cross-stratified sandstone, division Tc, to beds of 
graded conglomerate and massive sandstones rath
er than to fine sediments are evidence of deposi
tion in an upper flow regime and in moderately 
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to Member A and that the deposition of the up
per part of this section was accompanied by sub
sidence of the basin. Alternatively, the upward 
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Member C: alternating pelites, sandstones
and conglomerates

This member is encountered primarily in areas
south of the Naapurivaara area. The unit does not
crop out in the northern part of the study area al-
though it is encountered in the drill core from Tuo-
mivaara. Locally Member C is absent and Mem-

Fig. 9. Massive Tn. turbidite with almandine-rich E-sequences. Upper part of member B, Torinkylä Forma-
tion. Exposure north-eastwards from Naapurivaara, Talvinotko. Scale 12 cm.

ber B is directly overlain by the Tuomivaara For-
mation.

The predominant lithology in Member C is a
thin to medium-bedded pelitic schist and a sand-
stone, occasionally interstratified with conglome-
rate interbeds. The rocks were subjected to strong
deformation, moderately high metamorphism and
recrystallization and are now characterized bv

Fig. 10. J* turbidite with iron-rich E-sequences in upper part of Member B, Torinkylä Formation, Naapu-
rivaara. Scale l2 cm.
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coarse porphyroblasts of
garnet.

staurolite and

The interbedding of sandstone and pelite, usual-
ly on a scale of l-5 cm and the occurrence of
base-missing Tu., occasionally T"., Bouma se-
quences are characteristic features ofthese rocks.
Sandstones may occur as sporadic, isolated beds
that may attain a thickness of 20-30 cm. Local-
ly the schists contain iron sulphides and are
characterized by graphite dissemination (Fig. I l).

The conglomerate beds are less than 2 m across
and their clasts are similar to those in the under-
lying members. The matrix is, however, fine-
grained, the beds being predominantly matrix-
supported. Within the conglomerate beds, in which
the matrix-clast ratio is high, the matrix shows fine
lamination and is characterized by discontinuous,
deformed sandstone beds and lenses, which were
apparently broken before consolidation.

Various explanations have been given for the de-
positional environments of thin-bedded turbidites
such as Member C. One proposal often put for-
ward is that they deposited far from the source
area, but their origin may be ambiguous.

The predominance of pelites, the frequent al-
ternation of sandstones and shales, usually on a
centimetre scale, and the occasional weakgraded
bedding are features similar to those of the thin-
bedded interchannel turbidites described by Mut-
t|(1977) and Walker (1978). The debris-flow type
conglomerates and massive sandstones might in
turn be considered channel-fill deposits.

Ceological Survey of Finland, Special paper 5
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Fig. ll. Tr. turbidite interbed in staurolite-mica schist. Torinkylä
Formation. Member C. I km north of Tenetti. Scale 12 cm.

Tuomivaara Formation

The Tuomivaarairon-formation in Sotkamo is
part of a chain of small, uneconomic iron-forma-
tion occurrences along the Kairiuu schist belt. All
these deposits are characterized by the predomi-
nance of silicate iron-formation (Mäkelä 1976,
Laajoki 1986b).

The iron-horizon in the study area is from 5 to
50 m thick and can be traced as a lenticular body
from the Vuokatti area in the south for about 20

km northwards to the Paakki area in the north.
The Tuomivaara Formation (Fig. a) consists of

interbedded chemical and clastic sedimentary rocks
that are distinguished by the occurrence of am-
phibolites or amphibolitic schists, apparently vol-
canic in origin, and the abundance of phosphorus
bands. The P content usually averages around
1 9o in Kainuu (see Laajoki and Saikkonen 1977),

being 0.9 9o at Tuomivaara (Mäkela 1976).

In terms of James' (1954) classification, the

Tuomivaara Formation can be subdivided into
three iron-formation facies from bottom to top
these are: oxide-silicate, silicate and sulphide.

The silicate facies, composed predominantly of
grunerite, almandine, quartz and hornblende, is
the main lithology of the iron-formation. Locally
the other two facies may also be abundant. The
main occurrence of the magnetite-quartz-banded
iron-formation is in the Torinkylä area, where it
occupies the core of a shallow, northward-dipping
synclinorium. The carbonate facies is more or less

absent, although in drill cores ankerite occurs in
minor amounts in all three facies, especially in the
sulphide facies, where it is uniformly interstrati-
fied with chert. Microscale and mesoscale banding
is ubiquitious and typically characterized by alter-
nation of bands of iron minerals, chert and clas-
tics (Figs. l2a, l2b).

The siliciclastics are mainly composed of gar-

l19

coarse porphyroblasts of biotite, staurolite and 
garnet. 

The interbedding of sandstone and pelite, usual
lyon a scale of 1-5 cm and the occurrence of 
base-missing T be ' occasionally Tae, Bouma se
quences are characteristie features of these rocks. 
Sandstones may occur as sporadie, iso la ted beds 
that may attain a thickness of 20-30 cm. Local
ly the schists contain iron sulphides and are 
characterized by graphite dissemination (Fig. 11). 

The conglomerate beds are less than 2 macross 
and their elasts are similar to those in the und er
lying members. The matrix is, however , fine
grained, the beds being predominantly matrix
supported . Within the conglomerate beds, in which 
the matrix-elast ratio is high, the matrix shows fine 
lamination and is characterized by discontinuous, 
deformed sandstone beds and lenses, which were 
apparently broken before consolidation. 

Various explanations have been given for the de
positional environments of thin-bedded turbidites 
such as Member C. One proposal often put for
ward is that they deposited far from the source 
area, but their origin may be ambiguous. 

The predominance of pelites, the frequent al
ternation of sandstones and shales, usually on a 
centimetre scale, and the occasional weakgraded 
bedding are features similar to those of the thin
bedded interchannel turbidites described by Mut
ti (1977) and Walker (1978). The debris-flow type 
conglomerates and massive sandstones might in 
turn be considered channel-fill deposits. 
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Fig. 11. Tbc turbidite interbed in staurolite-mica schist. Torinkylä 
Formation, Member C. 1 km north of Tenetti. Scale 12 cm. 

Tuomivaara Formation 

The Tuomivaara iron-formation in Sotkamo is 
part of a chain of smalI, uneconomie iron-forma
tion occurrences along the Kairiuu schist belt. All 
these deposits are characterized by the predomi
nance of silicate iron-formation (Mäkelä 1976, 
Laajoki 1986b). 

The iron-horizon in the study area is from 5 to 
50 m thick and can be traced as a lenticular body 
from the Vuokatti area in the south for about 20 
km northwards to the Paakki area in the north. 

The Tuomivaara Formation (Fig. 4) consists of 
interbedded chemieal and elastie sedimentary rocks 
that are distinguished by the occurrence of am
phibolites or amphibolitie schists, apparently vol
canie in origin, and the abundance of phosphorus 
bands. The P content usually averages around 
1 0,10 in Kainuu (see Laajoki and Saikkonen 1977), 
being 0.9 % at Tuomivaara (Mäkelä 1976). 

In terms of J ames' (1954) elassifieation, the 

Tuomivaara Formation can be subdivided into 
three iron-formation fades from bottom to top 
these are: oxide-silicate, silicate and sulphide. 

The silicate fades, composed predominantly of 
grunerite, almandine, quartz and hornblende, is 
the main lithology of the iron-formation. Locally 
the other two fades mayaiso be abundant. The 
main occurrence of the magnetite-quartz-banded 
iron-formation is in the Torinkylä area, where it 
occupies the core of a shallow, northward-dipping 
synclinorium. The carbonate fades is more or less 
absent, aIthough in drill co res ankerite occurs in 
minor amounts in all three fades, espedally in the 
sulphide fades, where it is uniformly inter strati
fied with chert. Mieroscale and mesoscale banding 
is ubiquitious and typieally characterized by alter
nation of bands of iron minerals, chert and elas
ties (Figs. 12a, 12b). 

The silicielastics are mainly composed of gar-
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Fig. l2b. Amphibole- and schist-banded silicate iron-formation. Tuo-
mivaara Formation, Tenetti. Note compass (12 cm long) for the scale.
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Fig. l2a. Chert-banded
silicate iron-formation.
Tuomivaara Formation,
Tuulimäki.

netiferous pelites, but sandstone beds up to 30 cm
thick are also common.

The pelitic interbeds usually range in thickness
from millimetres to tens of centimetres. They are
rich in iron (Table 2) and frequently alternate with
finely banded chert. At Tenetti, they display large-
scale grading with a bed thickness of about 80-
100 cm (Fig l3).

The upper part, the sulphide iron-formation,
shows frequent interstratification with sandstones
5-20 cm thick and Ta and Tb Bouma sequences.

The phosphorite bands are mainly composed of
structureless grains of cryptocrystalline, black or
grey isotropic fluorapatite (Laajoki and Gehör
1986). Chlorite, biotite and quartz are minor con-
stituents. The phosphorite interbands are encoun-
tered in each of the three iron-formation facies,
but they are also rather common in the pelitic in-
terbeds within the Tuomivaara Formation. The
bands usually range in thickness from I to 3 cm,
and are often deformed, showing evidence of syn-
sedimentary slumping and folding (Figs. 14 and
r7').

The amphibolites occur in beds up to tens of
centimetres thick. At Tenetti, they frequently al-
ternate with silicate iron-formation. In bulk chem-
ical analyses they may exhibit compositions ty-
pical of tholeiitic basalt, being, however, rich in
iron and displaying close interstratification with
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Fig. l2b. Amphibole- and schist-banded silicate iron-formation. Tuo
mivaara Formation, Tenetti . Note compass (1 2 cm long) for the scale. 

120 

Fig. l 2a . Chert-banded 
silicate iron-format ion . 
Tuomivaara Formation, 
Tu ul imäki. 

netiferous pelites, but sandstone beds up to 30 cm 
thick are also common . 

The pelitic interbeds usually range in thickness 
from millimetres to tens of centimetres. They are 
rich in iron (Table 2) and frequently alternate with 
finely banded chert. At Tenetti , they display large
scale grading with a bed thickness of about 80-
100 cm (Fig 13) . 

The upper part, the sulphide iron-formation, 
shows frequent interstratification with sandstones 
5-20 cm thick and Ta and Tb Bouma sequences. 

The phosphorite bands are mainly composed of 
structureless grains of cryptocrystalline, black or 
grey isotropie fluorapatite (Laajoki and Gehör 
1986). Chlorite, biotite and quartz are minor con
stituents. The phosphorite interbands are encoun
tered in each of the three iron-formation facies, 
but they are also rather common in the pelitic in
terbeds within the Tuomivaara Formation. The 
bands usually range in thickness from 1 to 3 cm, 
and are often deformed, showing evidence of syn
sedimentary slumping and folding (Figs . 14 and 
17). 

The amphibolites occur in beds up to tens of 
centimetres thick. At Tenetti, they frequently al
ternate with silicate iron-formation. In bulk chem
ical analyses they may exhibit compositions ty
pical of tholeiitic basalt, being, however, rich in 
iron and displaying dose interstratification with 



silicate iron-formation and chert (Table 2, Fig. 15).
The lithology and sedimentological structures

of the Tuomivaara Formation suggest periods of
moderately low-energy deposition, mostly from
suspension and clarifying flows. This is consistent
with the proposal of Dimroth (1975) that iron-
formation is a chemical background sediment and
that the chemical precipitates were diluted by ter-
rigenous detritus.

Geological Survey of Finland, Special paper 5
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Beukes (1973) observed that in graded cherty
iron-formations chert occupies the upper intervals
of the grades. We have not noted this in our study,
although the graded structure is frequently encoun-
tered in the siliciclastic interbeds. However, the
prominent enrichment of pelitic material in iron
and chert is attributed to the factors observed bv
Beukes.

Ruokonen Formation

The Ruokonen Formation is a sedimentary pile
of about 50-100 m wide, being composed of sand-
stones, pelites, tuffaceous schists, carbonaceous
schists and conglomerates. The normally graded
pebble conglomerate (Fig. 16) that overlies the
sulphide iron-formation marks the change in both
lithological and sedimentological sense between the
Tuomivaara and Ruokonen formations. The con-
glomerate is encountered in several places and
seems to be fairly continuous along the road from
Naapurivaara to Torinkylä.

The turbidites and the conglomerates are largely
graded, being characterized by rip-up clasts (Fig.
l7), synsedimentary deformational structures, such
as pinch and swell structures, slumping, faulting

and folding (Figs. l8a and l8b). Tus, Tabe and T"
of Bouma's classification can be regognized.

The abundance of the clasts in conglomerate
decreases upwards accompanied by a gradational
coarsening of the matrix from fine graphitic schist
in the first 50 cm at the base to dark grey sand-
stone at the top. The clasts are angular to roun-
ded and composed of orthoquartzite, sericite-
schist, granite, amphibolite, arkosite and mica
schist. No clasts of iron-formation have been de-
tected in this conglomerate. The matrix do not ex-

hibit any internal stratification.
The sandstones are closely interstratified with

pelites, 2-20 cm thick, that are contoured, lami-
nar, occasionally graded and sometimes show

Fig. 13. Graded bedded To" turbidites in upper part of the Tuomivaara Formation, Tenetti.
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Fig. 13. Graded bedded Tbc turbidites in upper part of the Tuomivaara Formation, Tenetti. 

silicate iron-formation and chert (Table 2, Fig. 15). 
The lithology and sedimentological structures 

of the Tuomivaara Formation suggest periods of 
moderately low-energy deposition, mostly from 
suspension and elarifying flows. This is consistent 
with the proposal of Dimroth (1975) that iron
formation is a chemical background sediment and 
that the chemical precipitates were diluted by ter
rigenous detritus. 

Beukes (1973) 0 bserved that in graded cherty 
iron-formations chert occupies the upper intervals 
of the grades. We have not noted this in our study, 
although the graded structure is frequently encoun
tered in the silicielastic interbeds. However, the 
prominent enrichment of pelitic material in iron 
and chert is attributed to the factors observed by 
Beukes. 

Ruokonen Formation 

The Ruokonen Formation is a sedimentary pile 
of about 50-100 m wide, being composed of sand
stones, pelites, tuffaceous schists, carbonaceous 
schists and conglomerates. The normally graded 
pebble conglomerate (Fig. 16) that overlies the 
sulphide iron-formation marks the change in both 
lithological and sedimentological sense between the 
Tuomivaara and Ruokonen formations. The con
glomerate is encountered in several places and 
seems to be fairly continuous along the road from 
Naapurivaara to Torinkylä. 

The turbidites and the conglomerates are largely 
graded, being characterized by rip-up elasts (Fig. 
17), synsedimentary deformational structures, such 
as pinch and swell structures, slumping, faulting 

and folding (Figs. 18a and 18b). Tae , Tabe and Tc 
of Bouma's elassification can be regognized. 

The abundance of the elasts in conglomerate 
decreases upwards accompanied by a gradational 
coarsening of the matrix from fine graphitic schist 
in the first 50 cm at the base to dark grey sand
stone at the top. The elasts are angular to roun
ded and composed of orthoquartzite, sericite
schist, granite, amphibolite, arkosite and mica 
schist. No elasts of iron-formation have been de
tected in this conglomerate. The matrix do not ex
hibit any internal stratification. 

The sandstones are elosely interstratified with 
pelites, 2-20 cm thick, that are contoured, lami
nar, occasionally graded and sometimes show 

121 



Geological Survey of Finland, Special Paper 5

Seppo Gehör and Matti Havolo

E
o
ro

PELITE

SANDSTONE

W
ffi

Fig. 14. The occurrence of phosphorite bands
(black) in sulphide iron-formation. Tracing
from a drill core. Tuomivaara. drill hole 2.
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Fig. 14. The occurrence of phosphorite bands 
(black) in sulphide iron-formation . Tracing 
from a drill core, Tuomivaara, drill hole 2. 
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Fig. 15. Whole-rock Al2O3-TiO2
diagram of some amphibolitic in-
terbeds, with Kp less than 0.5 90.
All the samples range in to the field
of abnormal sediments, right of
the hatched line (Schmidt 1963),
suggesting a volcanic derivation
for these interbeds.
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Fig. 16. Graded pebble conglomerate overlying the sulphide iron-formation (on the left with a Tb sand bed).
The matrix of the conglomerate is pelitic in the lower part of the bed, coarsening upwards to sandstone. Ruo-
konen Formation, Naapurivaara. Scale 12 cm,
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Fig. 15. Whole-rock AlP,-TiO, 
diagram of some amphibolitic in
terbeds, with KP less than 0.5 0/0. 
All the sam pIes range in to the fjeld 
of abnormal sediments, right of 
the hatched line (Schmidt 1963), 
suggesting a vo1canic derivation 
for these interbeds. 
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Fig. 16. Graded pebble conglomerate overlying the sulphide iron-formation (on the left with a Tb sand bed). 
The matrix of the conglomerate is pelitic in the lower part of the bed, coarsening upwards to sandstone. Ruo
konen Formation, Naapurivaara. Scale 12 cm. 
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Fig. 17. Drill co re of T" sequence fro m the Ruokonen Formation. 
The pelite/ sandstone contacts and the lower parts of [he graded sand
stone beds are characterized by pyrrhotite dissemination and occur
rence of rip-upclasts. 

flame structures. The pelites are practically free 
from almandine, thus differing from the pelites 
in Member B. 

With rip-up elasts, coarse feldspar grains and 
fine graphite dissemination, the grey to dark grey 
turbiditic sandstones in the lower part of the Ruo
konen Formation are similar to the sandstones in 
Member Band in the Tuomivaara Formation. The 
beds are 20-60 cm thick, displaying slight grading 
with scoured bases and flat tops. The thickness of 
the sandstone beds gradually increases up to 1.5 
m (Fig. 19) towards the overlying Naapurivaara 
Formation. 

At Tuulimäki, a drill hole, which intersects the 
top of the Tuomivaara Formation, penetrates a 
grey pelite that is elosely interstratified with grad
ed ca1carenite, 5-20 cm, occasionally up to 80 cm, 
across (Table 2, No. 10). These carbonate beds are 
inferred of having been accumulated as carbonate 
turbidites and derived from the ca1careous depos
its in the provenance area. 

Carbonaceous schists occur throughout the 
Ruokonen Formation, but they are especially 
abundant in the lower part. They constitute beds 
2-5 m thick, with pyrrhotite and pyrite as fine 
dissemination or, more often, as bands less than 
1 cm thick. 

A fine-grained grey to greenish grey tuffaceous 
schist encountered in a few outcrops and in drill 
holes is associated with black schists and turbidi
tes in beds 0.3-1.5 m thick. In general the schist 

Fig. 18a. Contoured sandstone-pelite beds in the Ruokonen Formation at Naapurivaara . Scale 12 cm. 
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is composed of quartz, sericite, chlorite, biotite,
magnetite and feldspar. In one outcrop it is rich
in epidote and albite.

The sedimentary association in the lower and
middle part of the Ruokonen Formation is a
typical example of a deposit accumulated from li-
quefied flows, which, according to Lowe (1982),

Geological Survey of Finland, Special Paper
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can be initiated either by slumping followed by
liquefaction of the failed sediment or by spon-
taneous liquefaction on slopes exeeding 3" or 4o.
With reference to Walker's (1978) submarine fan
model, the graded conglomerates in the Ruoko-
nen Formation most likely deposited within chan-
nels in mid-fan environments. In this model chao-

Fig. l8b. Slumped and graded sandstone-siltstone beds in the Ruokonen Formation at Naapurivaara. The
thickness of the graded bed in the middle of the photo is 2 cm. Same exposure as in Fig. l8a.

Fig. 19. Massive T"" and T"" beds in the upper part of the Ruokonen Formation. Scale l2 cm.
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Fig. 18b. Slumped and graded sandstone-si ltslOne beds in the Ruokonen Formation at aapurivaara. The 
thickness of the graded bed in the middle of the photo is 2 cm. Same exposure as in Fig. 18a . 

is composed of quartz, sericite, chlorite, biotite, 
magnetite and feldspar . In one outcrop it is rich 
in epidote and albite. 

The sedimentary association in the lower and 
middle part of the Ruokonen Formation is a 
typical example of a deposit accumulated from li
quefied flows, which, according to Lowe (1982), 

can be initiated either by slumping followed by 
liquefaction of the failed sediment or by spon
taneous liquefaction on slopes exeeding 30 or 40

• 

With reference to Walker's (1978) submarine fan 
model, the graded conglomerates in the Ruoko
nen Formation most likely deposited within chan
nels in mid-fan environments. In this model chao-

Fig. 19. Massive T" and Tao beds in the upper part of the Ruokonen Formation. Scale 12 cm. 
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tic facies, such as the Ruokonen Formation, are
most abundant at the foot of the slope of the basin.
These conglomerates, then deposited further from
their source than the conslomerates in the under-

Iying formations. The
formation anticipates
lowing formation.

upward thickening of the
the transition to the fol-

Naapurivaara Formation

Massive or parallel bedded quartz arenites, sub-
arkosic sandstones (Table l), conglomerates and
carbonaceous (sulphidic) schists are the pre-
dominant lithologies in the Naapurivaara Forma-
tion. A pinkish colour, caused by hematite dis-
semination. is characteristic of sandstones and
especially of the schist interbeds associated with
them.

The formation is about 1000 m wide at Naapu-
rivaara, but it quickly wedges out northwards,
being discontinuous and less than 300 m across at
Tuulimäki. Its lower boundary towards the Ruo-
konen Formation is gradational, showing upward
thickening of the sandstone interbeds. The upper
boundary towards the overlying Nuasjärvi Forma-
tion is obscure but seems to be tectonic-

The siltstone-quartz wacke interbeds are usual-
ly thin, only from millimeters to about 20 cm thick,
and composed of qüartz, potassium feldspar,
chlorite, sericite, biotite and hematite. The hema-
tite occurs in highly variable amounts either as fine
dissemination or as spots.

At Naapurivaara, the sandstone displays large
scale trough cross bedding (Fig. 20a), the cross sets
being about 20-30 cm thick. The beds decrease
in thickness upwards, where the silty interbeds are
brick red to grey or greenish grey, depending on
their iron content. The FerO3 content ranges
from 3 to 7 Vo on average (Table 2). Some of the
beds are defined by ripple marks or preconsoli-
dation flow ridges (Fig. 20b), the wave length being
l0 cm or less. The crests of the waves tend to be
enriched in the red silty material.

The conglomerate interbeds in the formation are
mostly clast-supported and have subangular to
rounded clasts of granite, granite gneiss, quartz-
ite, arkosite, sericite-quartzite, mica schist and
sathrolithic material. The clasts range in size from
5 to 30 cm on average, but some granite and ortho-
quartzite clasts up to 3 m in diameter have also
been encountered. The matrix, if present, has no

preferred stratification and is composed of arko.
sitic material, or in places, qtartz arenite.

A massive conglomerate of the above type oc-
curs at the western margin of the Naapurivaara
Formation, in a contact with the overlying Nuas-
järvi Formation. It is 25-30 m thick, apparently
wedge shaped and discontinuous. It is character-
izedby angular granite clasts, suggesting rapid up-
lift of the source area (Pettijohn 1975).

The sedimentary structures, lithology and
abundance of hematite in the sandstones and fine
interbeds are indicative of a fluvio-deltaic environ-
ment.

Fig. 20a. Large-scale trough cross-stratification in sandstone of the
Naapurivaara Formation. Length of pen is 14 cm.
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tic facies, such as the Ruokonen Formation, are 
most abundant at the foot of the slope of the basin. 
These conglomerates, then deposited further from 
their source than the conglomerates in the under-

lying formations. The upward thickening of the 
formation anticipates the transition to the fol
lowing formation. 

Naapurivaara Formation 

Massive or parallel bedded quartz arenites, sub
arkosic sandstones (Table 1), conglomerates and 
carbonaceous (sulphidic) schists are the pre
dominant lithologies in the Naapurivaara Forma
tion. A pinkish colour, caused by hematite dis
semination, is characteristic of sandstones and 
especially of the schist interbeds associated with 
them. 

The formation is about 1000 m wide at Naapu
rivaara, but it quickly wedges out northwards, 
being discontinuous and less than 300 macross at 
Tuulimäki. Its lower boundary towards the Ruo
konen Formation is gradational, showing upward 
thickening of the sandstone interbeds. The upper 
boundary towards the overlying Nuasjärvi Forma
tion is obscure but seems to be tectonic. 

The siltstone-quartz wacke interbeds are usual
ly thin, only from millimeters to about 20 cm thick, 
and composed of quartz, potassium feldspar, 
chlorite, sericite, biotite and hematite. The hema
tite occurs in highly variable amounts either as fine 
dissemination or as spots. 

At Naapurivaara, the sandstone displays large 
scale trough cross bedding (Fig. 20a), the cross sets 
being about 20-30 cm thick. The beds decrease 
in thickness upwards, where the silty interbeds are 
brick red to grey or greenish grey, depending on 
their iron content. The Fe2ü3 content ranges 
from 3 to 7 0,10 on average (Table 2). Some of the 
beds are defined by ripple marks or preconsoli
dation flow ridges (Fig. 20b), the wave length being 
10 cm or less. The crests of the waves tend to be 
enriched in the red silty material. 

The conglomerate interbeds in the formation are 
mostly elast-supported and have subangular to 
rounded elasts of granite, granite gneiss, quartz
ite, arkosite, sericite-quartzite, mica schist and 
sathrolithic material. The elasts range in size from 
5 to 30 cm on average, but some granite and ortho
quartzite elasts up to 3 m in diameter have also 
been encountered. The matrix, if present, has no 
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preferred stratification and is composed of arkoc 
sitic material, or in places, quartz arenite. 

A massive conglomerate of the above type oc
curs at the western margin of the Naapurivaara 
Formation, in a contact with the overlying Nuas
järvi Formation. lt is 25-30 m thick, apparently 
wedge shaped and discontinuous. It is character
ized by angular granite elasts, suggesting rapid up
lift of the source area (Pettijohn 1975). 

The sedimentary structures, lithology and 
abundance of hematite in the sandstones and fine 
interbeds are indicative of a fluvio-deltaic environ
ment. 

Fig. 20a. Large-scale trough cross-stratification in sandstone of the 
Naapurivaara Formation. Length of pen is 14 cm. 



The turbiditic Nuasjärvi Group comprises the
deepest-water sedimentary facies in the study area.
The members of this group form the bulk of the
Karelian geosynclinal secuence in the Sotkamo
area, as do the corresponding schists in North Ka-
relia, from where they have been described by Väy-
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rynen (1933, 1939 and 1954) Nykänen (1968, l97l)
and Pekkarinen (1979a) (editors' note: See also
Ward, this volume).

The main lithologies of the group are grey to
dark grey mica schists (Fig. 2l), which are usually
graded on a scale of l-2 cm. The schists are com-
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Fig. 20b. Ripple marks or preconsolidation flow ridges in sandstone at Naapurilouhi, Naapurivaara Forma-
tion. The diameter of the coin is 2 cm.

THE NUASJARVI GROUP

Fie. 2l.Isoclinally folded mica schist, Nuasjärvi Group. Scale is 12 cm.
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tion. The diameter of the coin is 2 cm. 

THE NUASJÄRVI GROUP 

The turbiditic Nuasjärvi Group comprises the 
deepest-water sedimentary facies in the study area. 
The members of this group form the bulk of the 
Karelian geosynclinal secuence in the Sotkamo 
area, as do the corresponding schists in North Ka
relia, from where they have been described by Väy-

rynen (1933, 1939 and 1954) Nykänen (1968, 1971) 
and Pekkarinen (1979a) (editors' note : See also 
Ward, this volume). 

The main lithologies of the group are grey to 
dark grey mica schists (Fig. 21), wh ich are usually 
graded on ascale of 1-2 cm. The schists are co m-

Fig. 21. lsoclinally folded mica schist, Nuasjärvi Group . Scale is 12 cm. 
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posed of quartz, biotite and feldspar. The most
common accessories are garnet, graphite and iron-
sulphides. Sandstone interbeds, up to 50 cm in
thickness, typically occur in the schists.

The schists often contain lithic fragments (about
I mm in size) composed of granitoids, amphibole-
skarn rock, graphitic schist, quartz arenite and do-
lomite. Amphibolites, apparently volcanic in ori-
gin, occur as rare interbeds within the schists, being
thin (2-20 cm) in the lower part of the sequence,
but increasing in abundance and thickness
upwards. They become rather common towards
the Jormua mafic-ultramafic complex, as de-
scribed by Rastas (1969).

The Sotkamo and Nuasjärvi groups constitute
a thick stratigraphic record in which the turbid-
ites were deposited in a rapidly changing meta-
stable domain, clearly in a tectonically influenced
system. Four main trends can be distinguished
within the evolution of these groups:

I) The rapid deposition of the coarse clastics,
conglomerates and sandstones of members A
and B followed by the accumulation of the
pelites, apparently interchannel deposits, of
Member C of the Torinkylä Formation.

As shown by the general upward fining of the
succession, the basin deepened guickly and the
whole depositional sequence became retrogradi-
tional in character. Sediments similar to those in
members A and B may mainly accumulate in two
conspicuously different domains: l) alluvial fan

- fan-delta, 2) proximal feeder canyon of the sub-
marine fans. The latter possibility is preferred here
because the sediments in the upper part of Mem-
ber B appear to be similar to the typical "classic
turbidites".

The canyons usually serve as conduits for the
transfer of shallow-marine sediments in gravity
flows to the deep basin. Resedimentation then
takes place at the base of the slope, on deep sea
fans or on deep sea floors (Nilsen 1984). In rifted
continental margins (steep rift type) the canyons
are commonly associated with the surf zone (Gors-
lain 1978). There is thus also the possibility that
these deposits accumulated in a reasonably shal-
low environment, quite near the source area.
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A characteristic feature of the schists is the oc-
currence of calcareous concretions. They are
rounded to flattened, ranging in size from 6 cm x
3 cm to 150 cm x I cm. They are usually con-
centric, with a core enriched in carbonate, qtJartz,
feldspar and biotite, and a rim mainly composed
of hornblende, carbonate and biotite. The sphe-
rules tend to occur in zones oriented in the main
direction of bedding, suggesting, as proposed by
Havola (1981), that the spherules derive from cal-
careous interlayers and that they obtained their
shape before consolidation.

The deposition of pelitic turbidites, such as those
in the upper part of Member B and Member C as
a whole, antedated the beginning of chemical pre-
cipitation.

II) The precipitation of chemical sediments con-
temporaneously with the deposition of turbid-
ites and minor volcanites in deeper water and
at a longer distance from the source area than
the deposits of the Torinkylä Formation

It is known that the precipitation of chemical
sediments depends above all on the physico-
chemical conditions (Eh-CO2, Ps, Por_r) of the de-
positional environment and on the availability of
precipitating elements. In circumstances where
clastic sedimentation is slow enough, the ac-
cumulation of pure chemical precipitates becomes
feasible.

The sedimentological character of the immediate
precursor clastic sediments, and of the hosting sed-
iments as a whole, is shown to be a key to envi-
ronmental analyses of iron-formations (Simonson
1985). As pointed out, there are mainly two kinds
of turbidite underlying.and associated with the
Tuomivaara Formation, both considerably proxi-
mal in character. At Naapurivaara, the iron-for-
mation overlies Member B turbidites, but in the
southern part of the study area it overlies those
of Member C. Hence, as observed by Larue (l93l)
in the Negaunee iron-formation, the accumulation
of chemical precipitates is not strictly restricted to
local tectonic settings but is controlled above all
by chemical factorS.
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The turbidite currents, which varied in activi-
ty, were operational throughout the deposition of
the iron-formation, as is shown by the cnaracter
of the interstratified siliciclastic sediments. During
the precipitation of the oxide iron-formation in
particular, the supply of clastic material seems to
have been neglible. Clastic interbeds are rare and
chemical analyses show that clastic contamination
is slight. The silicate iron-formation is, to a large
extent, mixed with clastic and volcanogenic ma-
terial, a fact that may explain the origin of the
silicate facies, as proposed by Trendall (1983) in
studies on the Hammersley iron-formation.

The occurrence of interbeds of marine phos-
phorite among the oxide, silicate and sulphide iron-
formation and overlying clastics seems to be con-
trolled by the pH-conditions within the deposition-
al environment rather than by the Eh variation as
shown by the mineralogy of the associated iron-
formation types. Even though the Precambrian
phosphorites display a diversity of characteristics
and are a subject of lively debate with respect to
their depositional environment and origin, the
majority have been reported (Cook 1976) from
shallow water regimes, from areas of upwelling
oceanic waters, usually from depths of less than
500-1000 m.

The classification of the Tuomivaara iron-for-
mation as one of the Algoma, Superior or other
environmental or genetic types (i.e. Gross 1965 and
1980, Beukes 1973, Dimroth 1975, Kimberley
1978) is untenable, because some of the charac-
teristic features observed are shared with several
of these classes whereas others do not apply to any
of them. These classifications are currently being
reviewed (Trendall 1983), and it is likely that many
of the Precambrian iron-formations. the Tuomi-
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vaara iron-formation included, will constitute clas-
ses of their own.

Simonson (1985) proposed a two-fold classifica-
tion of iron-formations, based on their deposi-
tional environment. He divided them into lutite
and arenaceous types, the first being characteris-
tically basinal and the latter typical of shallow wa-
ters. Although not wholly compatible with either
of these, the main sedimentary and lithological
features of the iron-formation studied bear a closer
resemblance to the arenaceous type.

Following the deposition of the chemical sedi-
ments the sedimentation of turbidites was conti-
nued within the conditions of progradation of the
depositional system, as is demonstrated by the
upward coarsening character of the Ruokonen
Formation.

III) The deposition of the fluvial
Naapurivaara Formation on chemical
precipitates and turbidites

Although additional field work is required for
a more accurate interpretation of this formation,
available evidence suggests that the sandstones are
products of fluvio-deltaic regimes.

IV) The deposition of turbiditic schists
of the Nuasjärvi Group in a moderately
deep basin.

The turbiditic schists, which comprise the main
lithology of the Nuasjärvi Group deposited in a
moderately deep basin and provide evidence of
being laterally distal equivalents to the turbidites
of the Sotkamo Group.

CORRELATIONS WITH OTHER AREAS

The stratigraphic correlations, shown in Figure
22, are based on descriptions of the main litho-
logical and sedimentological features of the Ka-
relidic sequences in the Puolanka, Paltamo, Sot-
kamo, Pyhäselkä, Tohmajärvi and Kiihtelysvaa-
ra areas. Since few ofthese rocks have been dated,
the correlations are merely indicative. Neverthe-
less, these rocks can be assigned tenative ages of
1897+7-2080*45 Ma, as given by Vaasjoki el
a/. (1980) as the lower and upper ages ofthe phos-
phogenic metasedimentary occurrence at Nuotti-
järvi, Paltamo. The lower age limit, obtained with

9

U-Pb methods, is the age of Svecokarelian meta-
morphism. The upper age determined from a
banded iron-formation in Puolanka (Sakko and
Laajoki 1975) with whole rock Pb-Pb-method
suggests the maximum age for deposition.

An important subject for further studies is the
relation, if any, between the volcanism of the Sot-
kamo Group and that of the Outokumpu assem-
blage, dated (U-Pb zircon) at 1970 Ma (Koisti-
nen l98l).

The present investigation shows that the Sotka-
mo Group is separated from the Vuokatti Group
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Fig. 22. Stratigraphic correlation between turbiditic sections in Kainuu and North Karelia.
Stratigraphic columns reconstructed and modified from l) Laajoki (1986b): Pääkkö, Puolanka. 2) Kärki (1984): Melalahti, Paltamo. 3a
and 3b) Gehör and Havola (1986): Tuulimäki and Tuomivaara, Sotkamo. 3c) Heino and Havola (1980): Taattola, (Talvivaara) Sotkamo.
4) Pekkarinen (1979b) and Laiti (1985): Suhmura, Pyhäselkä 5) Nykänen (1968) and Pekkarinen (1980): Kirkkoniemi, Tohmajärvi. 6) Pek-
karinen (1979a): Viistola, Kiihtelysvaara. Symbols: l) Archaean basement. 2) Sathrolith or basal breccia. 3) Arkosite. 4) Jatuli-type quart-
zite. 5) Dolomire. 6) Sedimentary breccia and conglomerate. 7) Turbiditic conglomerate. 8) Turbiditic sandstone and pelite. 9) Silicate-
oxideiron-formation. l0)Sulphideiron-formation. ll)Carbonaceousschist. l2)Tuffaceousschistorbasiclava. l3)Hematite. l4)Stauro-
lite or andalusite. 15) Mica schist. l6) Unconformity.

by a Rieskavaara-type unconformity. In the study
area, the dolomites and their associates, typical for
the Marine Jatuli, have not been encountered. As
an evidence of their suggested obliteration by ero-
sion are the few outcrops of breccia with dolomitic
fragments.

Pekkarinen (1979a) described an unconformity
above Marine Jatuli dolomites in North Karelia
(Fig. 22). He correlates the conglomerates (Pek-
karinen 1980) to the Kirkkoniemi conglomerate in
Tohmajärvi (see Väyrynen 1954, Nykänen 1968),
both of which are similar to the conglomerates in
the Torinkylä Formation. The basal Kaleva con-
glomerate in North Karelia marks the transition
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to a turbidite succession as in the Sotkamo and
Nuasjärvi groups. The lower turbiditic sequence
in North Karelia also includes the staurolite schist
unit and carbonaceous schists, but silicate-oxide
iron-formations are practically lacking.

The iron-formations at Ristijärvi (Kontinen
1986) and at Puolanka (Laajoki and Saikkonen
1977, Laajoki 1986a) in a similar stratigraphic
position as those at Tuomivaara, being part of a
turbiditic sequence. At Puolanka, too, a sand-
stone, apparently corresponding to our Naapuri-
vaara Formation, occupies a high stratigraphic
position in the Kaleva sequence (Laajoki 1988).
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The deposition of the Sotkamo Group uncon-
formably on the Jatuli shelf of the Archaean
basement complex was related to tectonic and vol-
canic activity in offshore rift and fault systems,
for which Gaäl (1986) suggests an age of 2250-
1900 Ma.

The sedimentation of the Group began with a
rapid outpouring of the turbiditic sediments of the
Torinkylä Formation. The clast material derived
mainly from the rocks of the basement complex
and from the Jatuli shelf. Deposition took place
in metastable environments, in successive fault-
bounded basins, showing sedimentological features
similar to the accumulations in submarine fan
within canyon - upper fan - interchannel de-
positional domains.

The turbidites underlying the iron-formation are
enriched of iron and chert, hence, the boundary
of the turbidites towards the Tuomivaara Forma-
tion is gradational. The latter accumulated in low-
energy environments, farther downstream from
the underlying formation. The chemical precipita-
tion of the iron-formation was interrupted and dis-
turbed by sporadic turbiditic flows and volcanic
activity. The precipitation was not strictly confined
to the tectonic setting of the depositional environ-
ment, suggesting that caution should be exercised
before drawing basin-wide stratigraphic and sedi-
mentological conclusions based solely on the
mutual correlation of the iron-formations.

The frequent occurrence of phosphorite inter-
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bands suggests that, in all probability, deposition
took place at a depth of less than 1000 m. The pre-
cipitation of silica, iron and phosphorus from the
upwelling oceanic water was controlled by the
physico-chemical conditions of the depositional en-
vironment. The source of these elements may be
terrestial or volcanic, or both. In any case, the re-
lation between chemical sedimentation and volcan-
ic activity is conspicuos.

During chemical sedimentation the whole sedi-
mentary sequence was retrogradational in charac-
ter. The stratigraphic order of the iron-formation
facies suggests a general deepening of the basin,
which finally led to reducing conditions and to the
deposition of sulphide iron-formation after
silicate-oxide and silicate facies.

The Ruokonen Formation, following in succes-
sion the Tuomivaara Formation, displays features
of tectonic reactivation. It is composed of package
of debris flow-type, partly chaotic, sediments, tuf-
faceous schists, carbonaceous schists and upward
thickening turbidites. The emplacement of
hematite-bearing sandstones of the Naapurivaa-
ra Formation above the Ruokonen Formation in-
dicates a transition to fluvio-deltaic environment.

The distal-type turbidites of the Nuasjärvi
Group deposited in a moderately tranquil, deep
basin, in advance of the sporadic high-density
flows. All the sedimentary features suggest that
the turbidites in the Nuasjärvi Group maybe lateral
equivalents of the Sotkamo Group turbidites.
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of the turbidites towards the Tuomivaara Forma
tion is gradational. The latter accumulated in low
energy environments, farther downstream from 
the underlying formation. The chemical precipita
tion of the iron-formation was interrupted and dis
turbed by sporadic turbiditic flows and volcanic 
activity. The precipitation was not strietly confined 
to the tectonic setting of the depositional environ
ment, suggesting that caution should be exercised 
before drawing basin-wide stratigraphie and sedi
mentological conelusions based solelyon the 
mutual correlation of the iron-formations. 

The frequent occurrence of phosphorite inter-

bands suggests that, in aB prob ability , deposition 
took place at a depth of less than 1000 m. The pre
cipitation of siliea, iron and phosphorus from the 
upweBing oceanic water was controlled by the 
physico-chemical conditions of the depositional en
vironment. The source of these elements may be 
terrestial or volcanic, or both. In any case, the re
lation between chemical sedimentation and volcan
ic activity is conspicuos . 

During chemical sedimentation the whole sedi
mentary sequence was retrogradational in charac
ter. The stratigraphie order of the iron-formation 
facies suggests a general deepening of the basin, 
which finally led to reducing conditions and to the 
deposition of sulphide iron-formation after 
silicate-oxide and silicate facies. 

The Ruokonen Formation, following in succes
sion the Tuomivaara Formation, displays features 
of tectonie reactivation. It is composed of package 
of debris flow-type, partly chaotic, sediments, tuf
faceous schists, carbonaceous schists and upward 
thiekening turbidites . The emplacement of 
hematite-bearing sandstones of the Naapurivaa
ra Formation above the Ruokonen Formation in
dicates a transition to fluvio-deltaic environment. 

The distal-type turbidites of the Nuasjärvi 
Group deposited in a moderately tranquil, deep 
basin, in advance of the sporadic high-density 
flows. All the sedimentary features suggest that 
the turbidites in the Nuasjärvi Group maybe lateral 
equivalents of the Sotkamo Group turbidites. 
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THE PYSSYKULJU FORMATION _ A LATE KALEVIAN (EARLY
PROTIEROZOIC) ORTHOQUART ZITF. PHASE IN KAINUU,

NORTHERN FINLAND

Laajoki, K., 1988b. The Pyssykulju Formation - a late Kalevian (early
Proterozoic) orthoquartzite phase in Kainuu, northern Finland. Geologi-
cal Survey of Finland, Special Paper 5. 135-147, 12 figures ond 2 tables.

At Pyssykulju, at the northern end of the Early Proterozoic Kainuu Schist
Belt, there is an orthoquartzite formation, at least 300-400 m thick, with
basal interbedded metaturbidite and reddish orthoquarzites with thin me-
tavolcanic beds. In its basal parts the formation contains conglomerate beds
with quartzite and schist phenoclasts in quartzitic matrix. The formation
is the youngest quartzite occurrence exposed in the area and it overlies un-
conformably the black schists, dolomites, phyllites and metavolcanics at
the northern end of the Salmijärvi Basin.

The few primary sedimentary structures preserved indicate that the lower-
most part is turbiditic and that the overlying conglomerates are fluvial.
Owing to the complete absence of primary structures, the sedimentary en-
vironment of the bulk orthoquartzite cannot be established. The gross
lithology indicates that the Pyssykulju Formation represents a transition
from a turbiditic system to a shallower water environment.

The Pyssykulju Formation is correlated with the "younger quartzites"
of the Nuasjärvi basin, where they overlie schists and iron-formations
deposited unconformably on the quartzites of the Jatuli tectofacies.

The greatest sedimentological significance of the Pyssykulju Formation
and the correlative quartzites at Sotkamo is that they represent an ortho-
quartzitic phase, called the Upper Kaleva tectofacies, deposited upon tur-
biditic sequences of the Middle Kaleva tectofacies. The relation of these
tectofacies to the traditional basinal Kaleva, e.g. in Kainuu and North
Karelia, is not known, and hence any closer palaeotectonosedimentary inter-
pretations and models are premature.

Key words: metasedimentary rocks, quartzites, lithostratigraphy, paleosedi-
mentology, tectonic controls, Proterozoic, Pyssykulju, Puolanka, Finland.

K. Laajoki, Department of Geology, University of Oulu, Linnanmaa, 90570
Oulu. Finlond

INTRODUCTION

by
K. Laajoki

In 1971, when carrying out mapping at Puolan-
ka for the Exploration Department of the Geolog-
ical Survey of Finland, the author found an ortho-
quartzite occurrence with a unique conglomerate
type on the northeastern flank of the hill called
Pyssykulju. On the basis of lithology and regional

structures it was soon realized that this Pyssykul-
ju Formation is an erosional relic of the youngest
Karelian formation at the northern end of the Kai-
nuu Schist Belt. Since then, the author has infor-
mally included this formation in the "younger Ka-
relian formations", "young quartzite cycld' or "the
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younger quartzites of Kainuu" (t-aajoki 1980, 1982,

1983, 1986). Excluding an unpublished manuscript
dating from 1981, this formation has not been de-
scribed in detail, and so in the present paper the

formation will be formally defined and described
and its significance to the tectonosedimentologi-
cal evolution of the Karelian formations in Fin-
land discussed.

GENERAL GEOI./OGICAL SETTING

Pyssykulju is a small hill at the northern end of
the Salmijärvi Basin, in the northern part of the
early Proterozoic Kainuu Schist Belt (Fig. l). The
geology of the belt is described in greater detail
in another paper in this volume (Laajoki 1988). The
bedrock of the Salmijarvi Basin is poorly exposed,
but geophysics, drilling and regional structural stra-
tigraphy suggest that it is made up mainly of the
schists, dolomites, quartzites and tuffites of the
Väyrylä Group. Apart from the hill itself, Pyssy-
kulju and its immediate surroundings are com-
pletely devoid of outcrops (Fig. 2). Therefore, the
exact relationship of the Pyssykulju Formation to
the underlying rocks cannot be established. Never-
theless, geophysics indicates that the underlying
rocks are of the same type, that is, mainly schists
and black schists, etc, as in the surroundings of
Väyrylänkylä, where the bedrock is better exposed
and from where drilling data are available (Laajo-
ki 1973, Laajoki and Saikkonen 1977).

The following facts demonstrate that this soli-

tary quartzite occurrence is the youngest forma-
tion in the area and that it cannot be correlated
with the quartzites of the Jatuli tectofacies:

- the Pyssykulju conglomerate, to be described
below. indicates that the formation received ma-
terial from the quartzite formations of the Ja-
tuli tectofacies and probably from the Middle
and Lower Kaleva (for definition of terms see

Table2 and Fig. 12) rocks of the Salmijärvi Ba-
sin, too;

- The lowermost turbiditic part of the formation
cannot be readily correlated with any other
lithological unit in the northern part of the Kai-
nuu Schist Belt;

- Pyssykulju rises abruptly about 90 metres above
the general level of the Salmijärvi Basin (Fig. 3).

Consequently, the Pyssykulju Formation is in-
terpreted as occupying the highest stratigraphic po-
sition among the Karelian formations in the area
(Fie. a).
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Fig. l. The location of Pyssykulju on the simplified geological map of the northern end of the Kainuu Schist Belt. Symbols: l) Archaean
basement. 2) Gneisses and paragneisses. 3) Central Puolanka Group. 4) Kurkikylä Group. 5) Kainuu Group. 6) Vihajärvi, Somerjärvi
and East Puolanka Groups (Jatuli tectofacies). 7) Metasediments of the Kaleva tectofacies. 8) Jormua Ophiolite Complex and other
ultrabasic rocks. 9) Ristijärvi granodiorite. 10) Thrust.
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Fig. 2. Ceological map of Pyssykulju. Symbols: 1) East-Puolanka Group. 2) Väyrylä Group. 3-7) Pyssykulju Formation: 3)
B.asal.Member. 4) Orthoquartzite. 5) Dark quartzite. 6) Metabasite. 7) Conglomerate. 8) Outcrop. 9) Bedding,zbedding with top
direction.
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Fig. 3. Pyssykulju seen
from southwest. The marshy
terrain in the foreground is
floored by the rocks of the
Väyrylä Group of the Sal-
mijärvi Basin. Hills on the
horizon consists of Jatuli
quartzites. Photo K. Laa-
ioki.
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Name: The formation is named after Pyssykul-
ju, a hill rising 290 m above sea level, about 7 km
east of Puolanka church and about 1.5 km north
of the road (No. 891) from kipivaara to Hyryn-
salmi. The map coordinates of the hill are x:
7196.26, y:539.06 on map sheet 3442 10.

Type area: The formation is exposed only at Pys-
sykulju, and the best outcrops are encountered on
the northeastern flank of the hill.

Boundaries: The lower boundary is unexposed.
The Pyssykulju Formation is considered to be the
uppermost Karelian supracrustal rock unit at Puo-
lanka.

Lithology: The formation consists mainly of
quartzites with minor metapelitg conglomerate and
metabasite beds. It is divided into four members
called for lack of geographic names, the Basal
Member, the Metabasite Member, the Conglome-
rate Member and the Quartzite Member (Fig. 5).

Thickness: Because the basal part is not exposed
and the bedding in the main part of the forma-
tion has been obliterated its thickness cannot be
measured; the estimated thickness is at least 400-
500 m.

Age: Early Proterozoic. The total rock Pb-Pb
age of the Pääkkö iron-formation (2080 Ma, Sak-
ko and Laajoki 1975) suggests an age of about 2000
Ma for the Pyssykulju Formation.

Correlation: The formation is correlated with the
Tirulimäki Formation described bv Gehör and Ha-
vola (1988).

Fig. 5. Schematic (not to scale) lithostratigraphic column of the Pys-
sykulju Formation. BM : Basal Member. MM = Metabasite Member.
CM:Conglomerate Member. QM:Quartzite Member.

The Basal Member: The lowermost poorly ex-
posed part of the PF consists of alternating beds
of reddish quartzites and reddish grey metasiltstone

- mica schist beds, a few metres thick each. The
lowermost outcrop has turbiditic features, but the
details have been destroyed by strong transverse fo-
liation. Evidence of AE and C@) Bouma sequence
can, however, still be found (Fig. 6). This portion
is overlain by quartzites and metasiltstones exposed
only in solitary and small outcrops. The quartzite
beds have a distinctive pinkish colour and locally
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show trough cross-bedding (Fig. 7). Mostly, how-
ever, they are devoid of any primary structures.
Petrographically they are feldspar-free and grano-
blastic like the orthoquartzites of the Quartzite
Member, but contain somewhat more hematite.
The metasiltstones are so strongly foliated that they
are now mica schists without any primary struc-
tures. They obviously represent metaturbidites, as
proved by the graded bedding preserved in some
outcrops (Fig. 8). The schists consist mainly of
quartz and micas, mostly biotitg and contain only

u
I
t"''I

E

E

oo
cf)

o

LITHOI-/OGY AND PETROGRAPHY OF THE PYSSYKULJU FORMATION

1't

?

I
1

.t

I

o o o oc
. . . . . .a

Geological Survey of Finland. Special Paper 5 
K. Laajoki 

DEFINITION OF THE PYSSYKULJU FORMATION (PF) 

Name: The formation is named after Pyssykul
ju, a hill rising 290 m above sea level, about 7 km 
east of Puolanka church and about l.5 km north 
of the road (No. 891) from Leipivaara to Hyryn
salmi. The map coordinates of the hill are x = 
7196.26, y=539.06 on map sheet 3442 10. 

Type area: The formation is exposed only at Pys
sykulju, and the best outcrops are encountered on 
the northeastern flank of the hilI. 

Boundaries: The lower boundary is unexposed. 
The Pyssykulju Formation is considered to be the 
uppermost Karelian supracrustal rock unit at Puo
lanka. 

Lithology: The formation consists mainly of 
quartzites with minor metapelite, conglomerate and 
metabasite beds. It is divided into four members 
called for lack of geographie names, the Basal 
Member, the Metabasite Member, the Conglome
rate Member and the Quartzite Member (Fig. 5). 

Thickness: Because the basal part is not exposed 
and the bedding in the main part of the forma
tion has been obliterated its thickness cannot be 
measured; the estimated thickness is at least 400-
500 m. 

Age: Early Proterozoic. The total rock Pb-Pb 
age of the Pääkkö iron-formation (2080 Ma, Sak
ko and Laajoki 1975) suggests an age of about 2000 
Ma for the Pyssykulju Formation. 

Correlation: The formation is correlated with the 
Tuulimäki Formation described by Gehör and Ha
vola (1988). 

Fig. 5. Schematic (not to scale) lithostratigraphic column of the Pys
syk ulju Formation. BM = Basal Member. MM = Metabasite Member. 
CM = Conglomerate Member. QM = Quartzite Member. 

E 
o 
o 
C') 

ü 

. . . , 

. ...... "J 

....... 

Legend : 

~ Metalava etc. 

~ Metasiltstone 

c:=J Quartzite 

1== 1 Conglomerate 

QM 

LITHOWGY AND PETROGRAPHY OF THE PYSSYKULJU FORMATION 
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- miea schist beds, a few metres thiek each. The 
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Fig. 6. Upwards-thinning bedding sequence displayed by the lowermost outcrop of the Basal Member. The
thickest sandy bed shows lamination and may be a C turbidite. The thinnest beds in the right-hand corner
show graded bedding with bulk sandy lower parts topped by silty parts (AE turbidites). Note the ball-point
oen for scale in the middle of the fisure. Photo K. Laaioki.

some feldspars. As a whole, the member is char-
acterized by the distinct reddish colour of the
quartzite beds. The pelitic beds are also more red-
dish than those in the stratigraphic units below the
PF.

Metabasite Member: Metabasite crops out in two
places: as small, solitary outcrops about 20 met-

res above the uppermost outcrops of the Basal
Member on the northeastern flank of Pyssykulju,
and as small outcrops on the northwestern flank
of the hill, where they indicate that the local me-
tabasites form a unit, about l0 metres thick, in-
terbedded with quartzites (Fig. 2). Because of the
lack of outcrops, it is not possible to establish

**r'

*
\1*

Fig. 7. Pinkish quartzite bed in the Basal Member showing cross-bedding. Photo K. Laajoki.
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show graded bedding with bulk sandy lower parts topped by silty parts (AE turbidites). Note the ball-point 
pen for scale in the middle of the figure. Photo K. Laajoki. 

some feldspars. As a whole, the member is char
acterized by the distinct reddish colour of the 
quartzite beds. The pelitic beds are also more red
dish than those in the stratigraphie units below the 
PE 

Metabasite Member: Metabasite crops out in two 
places: as small, solitary outcrops about 20 met-

res above the uppermost outcrops of the Basal 
Member on the northeastern flank of Pyssykulju, 
and as small outcrops on the northwestern flank 
of the hill, where they indicate that the local me
tabasites form a unit, about 10 met res thick, in
terbedded with quartzites (Fig. 2). Because of the 
lack of outcrops, it is not possible to establish 

Fig. 7. Pinkish quartzite bed in the Basal Member showing cross-bedding. Photo K. Laajoki. 
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whether these two occurrences form a single mem-
ber or whether they are two separate units. How-
ever, on account of the similarities in their litho-
logies and for the sake of simplicity, the first
alternative is favoured.

Both occurences are highly deformed and so the

Fig. 8. Metasiltstone interbed of the lowermost part of the PF at Pyssykulju showing graded bedding with
coarse sand in the basal parts of the graded units. Note the pinkish tints and transverse foliation. Tärget 6x6
cm. Photo K. Laajoki.

rocks are mainly hornblende-rich schists devoid of
primary structures. Some of them, however, show
quartz amygdales and a faint blastoporphyritic tex-
ture indicating that the member contains volcanic
rocks. The more deformed varieties are either tec-
tonized lavas or volcaniclastic sediments. The rocks

-r"

q

Fig. 9. The type outcrop of the conglomerate of the PF at Pyssykulju. White phenoclasts are orthoquartzitg
the dark ones hematite-pigmented quartzites and phyllites. The matrix is quartzitic. Note that the phenoclasts
do not stand out from the surface of the outcrop, indicating that the phenoclasts and the matrix are similar
in composition. Diameter of the lens cap is 5 cm. Photo K. Laajoki.

142

Geological Survey of Finland, Special Paper 5 
K. Laajoki 

Fig. 8. Metasiltstone interbed of the lowermost part of the PF at Pyssykulju showing graded bedding with 
coarse sand in the basal parts of the graded units. Note the pinkish tints and transverse foliation. Target 6 x 6 
cm. Photo K. Laajoki. 

whether these two occurrences form a single mem
ber or whether they are two separate units. How
ever, on account of the similarities in their litho
logies and for the sake of simplicity, the first 
alternative is favoured. 

Both occurences are highly deformed and so the 

rocks are mainly hornblende-rieh schists devoid of 
primary structures. Some of them, however, show 
quartz amygdales and a faint blastoporphyritic tex
ture indicating that the member contains volcanic 
rocks. The more deformed varieties are either tec
tonized lavas or volcaniclastie sediments. The rocks 

Fig. 9. The type outcrop of the conglomerate of the PF at Pyssykulju. White phenoclasts are orthoquartzite, 
the dark ones hematite·pigmented quartzites and phyllites. The matrix is quartzitic. Note that the phenoclasts 
do not stand out from the surface of the outcrop, indicating that the phenoclasts and the matrix are similar 
in composition. Diameter of the lens cap is 5 cm. Photo K. Laajoki. 
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Fig. 10. Granoblastic texture of a typical orthoquartzite of the PF at Pyssykulju. The rock contains some
hematite (black) in addition to quartz. TS20050, polars nearly crossed. Photo K. Laajoki.

are made up mainly of quartz, hornblende and
opaques with minor oligoclase.

Conglomerate Member: Conglomerates are met
with only on the northeastern flank of Pyssykul-
ju, where they are interbedded with bluish or red-
dish quartzites. The conglomeratic unit is only a
few metres thick. The underlying rocks are not ex-
posed, but because the conglomerates are overlain
by the main quartzites of Pyssykulju, it is con-
cluded that this member takes the stratigraphic po-
sition between the Metabasite Member and the
Quartzite Member.

The lowermost 2-3 metres of the member ex-
posed consist of bluish, cross-bedded quartzite
overlain by a unit, about 3-4 metres thick, of con-
glomerate with quartzite interbeds. The conglome-
rate is matrix-supported, and its phenoclasts are
mainly of pebble-cobble size and well rounded (Fig.
9). However, the uppermost bed of the member
consists of conglomeratic quartzite with pheno-
clasts only about 2-5 mm in diametre.

The phenoclasts are predominantly orthoquart-
zites from white to bluish in colour. There are also
dark blug hematite-bearing quartzite varieties and
dark opaque-bearing sericite-quartz schist frag-
ments. Some of the quartzite phenoclasts resem-
ble petrographically the quartzite beds of the Basal
Member and so they may be intraformational, but
there are also varieties that seem to have derived
from the Jatuli tectofacies. A few phenoclasts are
metabasites, similar in petrography to those of the

Metabasite Member; their provenance, however,
may also be metabasites of the Salmijärvi Basin.
The uppermost fine-grained conglomerate bed con-
tains tiny hematite clasts.

The matrix of the conglomerate is quartzitic,
consisting of quartz and variable amounts of ser-
icite, and thus it is either orthoquartzitic or seri-
cite quartzitic. The quartzites interbedded with the
conglomerate beds are cross-bedded and rather
purg but there are also sericite quartzites with well-
rounded monocrystalline or polycrystalline quartz
clasts in a sericite matrix.

Quartzite Member: The bulk of the PF consists
of orthoquartzitg white, reddish, bluish or grey in
colour. Excluding the grey variety, the quartzites

Table l. Modal mineral compositions (vol. 9o) of typical quartzites
of the PF at Pyssykulju. Analyst. S. Gehör (l-3) and P. Salonsaari
(4).

Quartz
Biotite
Sericite
Feldspar
Opaque
Zircon

98.9

1.0

0.1

97.4

.A

0.2

95.7

0.5
0.2
3.5
+

86.2
5.1
l 6'
0.9
7.9

+ detected
I Sericite and chlorite
l) orthoquartzite (white), TS 17553

2) > (blueish), TS 20051
3) > (greyish), TS 20050
4) Biotite-bearing quartzite (grey), TS Oy26l9
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Fig. 10. Granoblastic texture of a typical orthoquartzite of the PF at Pyssykulju . The rock contains some 
hematite (black) in addition to quartz. TS2oo50, pol ars nearly crossed. Photo K. Laajoki . 

are made up mainly of quartz, hornblende and 
opaques with minor oligoelase. 

Conglomerate Member: Conglomerates are met 
with only on the northeastern flank of Pyssykul
ju, where they are interbedded with bluish or red
dish quartzites. The conglomeratie unit is only a 
few metres thiek. The underlying rocks are not ex
posed, but because the conglomerates are overlain 
by the main quartzites of Pyssykulju, it is con
eluded that this member takes the stratigraphie po
sition between the Metabasite Member and the 
Quartzite Member. 

The lowermost 2-3 metres of the member ex
posed consist of bluish, cross-bedded quartzite 
overlain by a unit, about 3-4 metres thiek, of con
glomerate with quartzite interbeds. The conglome
rate is matrix-supported, and its phenoelasts are 
mainly of pebble-cobble size and weH rounded (Fig. 
9). However, the uppermost bed of the member 
consists of conglomeratie quartzite with pheno
elasts only about 2-5 mm in diametre. 

The phenoelasts are predominantly orthoquart
zites from white to bluish in colour. There are also 
dark blue, hematite-bearing quartzite varieties and 
dark opaque-bearing sericite-quartz schist frag
ments. Some of the quartzite phenoelasts resem
ble petrographically the quartzite beds of the Basal 
Member and so they may be intraformational, but 
there are also varieties that seem to have derived 
from the J atuli tectofacies. A few phenoelasts are 
metabasites, similar in petrography to those of the 

Metabasite Member; their provenance, however, 
mayaiso be metabasites of the Salmijärvi Basin. 
The uppermost fine-grained conglomerate bed con
tains tiny hematite elasts. 

The matrix of the conglomerate is quartzitic, 
consisting of quartz and variable amounts of ser
ieite, and thus it is either orthoquartzitie or seri
cite quartzitie. The quartzites interbedded with the 
conglomerate beds are cross-bedde(ii and rather 
pure, but there are also sericite quartzites with weH
rounded monocrystalline or polycrystalline quartz 
elasts in a sericite matrix. 

Quartzite Member: The bulk of the PF consists 
of orthoquartzite, white, reddish, bluish or grey in 
colour. Exeluding the grey variety, the quartzites 

Table I . Modal mineral compositions (vol. 0/0) of typical quartzites 
of the PF at Pyssykulju . Analyst. S . Gehör (1-3) and P. Salonsaari 
(4). 

2 3 4 

Quartz 98.9 97.4 95 .7 86.2 
Biotite 3.4 
Sericite 1.0 2.4 0.5 1.61 

Feldspar 0.2 0.9 
Opaque 0.1 0.2 3.5 7.9 
Zircon + + 

+ detected 
1 Sericite and chlorite 
I) Orthoquartzite (white), TS 17553 
2) » (blueish), TS 20051 
3) » (greyish), TS 20050 
4) Biotite-bearing quartzite (grey), TS Oy2619 
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are exceedingly pure quartz sands with only a few
per cent sericite and opaques as impurities (Table
l). They do not show any primary structures and
their texture is granoblastic (Fig. l0). The western-
most, and probably topmost, quartzites shown in
Fig. 2 are blue or greyish opaque-bearing ortho-
quartzites with minor muscovite or biotite (Table
l, No. 3). The grey variety in the southwest is blas-

toclastic and its matrix is richer in biotite and opa-
ques (Täble l, No. 4).

The estimated thickness of this member is at
least 300-400 m. In addition to orthoquartzite the
member contains thin siltstone and quartzwacke
beds in its basal parts and one mica schist bed on
the top of Pyssykulju.

SEDIMENTOIJOGY OF THE

As shown by the idealized stratigraphic column
of the PF given in Fig. 5, the Basal Member and
the Conglomerate Member form an upward coar-
sening sequence and may represent a delta slope

- delta platform transition, as indicated by the
turbiditic lowermost oart of the Basal Member and

PYSSYKULJU FORMATION

the overlying cross-bedded quartzites and conglo-
merates, respectively. Because of the lack of any
primary structures the origin of the Quartzite
Member cannot be established for certain, but its
maturity and monotonous grain size indicate that
it could be a fluvial or beach sand occurrence.

TECTONOSEDIMENTARY SIGNIFICANCE OF THE PYSSYKULJU FORMATION

Although it has been known for more than ten
years that the PF represents an unusually young
Karelian quartzite phase in Kainuu, its true regional
significance could not be established because of
its modest size and because the contacts with the
underlying rocks were not exposed. Now, however,
recent studies carried out by Kontinen (1986),

Gehör and Havola (1988) and Kärki (1988) in the
central part of the Kainuu Schist Belt will help to
put it into its proper tectonic and sedimentary con-
text.

The PF overlies the Väyrylä Group (Fig. ll),
which, with its turbiditic meta-arenites, iron-
formations and black schists, is correlated with the
Uva Formation of the Hyrynsalmi area (Kontinen,
1986) and the Ruokostenkylä and Tüomivaara
Formations of Sotkamo (Gehör and Havola 1988).
At Sotkamo, a few kilometres south of the area
of Fig. I at the eastern margin of the Kainuu Schist
Belt, the latter formation is overlain by the Tuuli-
mäki Formation whose red bed lithology is simi-
lar to that of the PF. It is not improbable that the

Key tithotogies

- - - Turbidite
ooo /.6n^l6marala

n

lTectofocies
Q) Sumi- Sorrolo

@ Koinuu-Lopponi/ Koinuu Group

@ Kolnuu-Lopponi/ Cenlrot Puolonko Group

@ Jotuli
@ Lower & Middte Kolevo

@ upp., Kotevo

Fig. ll. Scheme showing the Pyssykulju Formation (Upper Kaleva tectofacies) as the topmost sedimentary unit deposited on the Väyrylä
Croup (l,ower-Middle Kaleva tectofacies), which, together with the Pyssykulju Formation, deposited into a fault-controlled basin developed
upon the three earlier Karelian tectofacies (Sumi-Sariola, Kainuu-Lapponi, Jatuli, see Laajoki 1988).
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are exceedingly pure quartz sands with only a few 
per cent sericite and opaques as impurities (Table 
1). They do not show any primary structures and 
their text ure is granoblastic (Fig. 10). The western
most, and probably topmost, quartzites shown in 
Fig. 2 are blue or greyish opaque-bearing ortho
quartzites with minor muscovite or biotite (Table 
1, No. 3). The grey variety in the southwest is blas-

todastic and its matrix is richer in biotite and opa
ques (Table 1, No. 4). 

The estimated thickness of this member is at 
least 300-400 m. In addition to orthoquartzite the 
member contains thin siltstone and quartzwacke 
beds in its basal parts and one mica schist bed on 
the top of Pyssykulju. 

SEDIMENTOWGY OF THE PYSSYKULJU FORMATION 

As shown by the idealized stratigraphie column 
of the PF given in Fig. 5, the Basal Member and 
the Conglomerate Member form an upward coar
sening sequence and may represent adelta slope 
- delta platform transition, as indicated by the 
turbiditic lowermost part of the Basal Member and 

the overlying cross-bedded quartzites and conglo
merates, respectively. Because of the lack of any 
primary structures the origin of the Quartzite 
Member cannot be established for certain, but its 
maturity and monotonous grain size indicate that 
it could be a fluvial or beach sand occurrence. 

TECTONOSEDIMENTARY SIGNIFICANCE OF THE PYSSYKULJU FORMATION 

Although it has been known for more than ten 
years that the PF represents an unusually young 
Karelian quartzite phase in Kainuu, its true regional 
significance could not be established because of 
its modest size and because the contacts with the 
underlying rocks were not exposed. Now, however, 
recent studies carried out by Kontinen (1986), 
Gehör and Havola (1988) and Kärki (1988) in the 
central part of the Kainuu Schist Belt will help to 
put it into its proper tectonie and sedimentary con
text. 

The PF overlies the Väyrylä Group (Fig. 11), 
which, with its turbiditic meta-arenites, iron
formations and black schists, is correlated with the 
Uva Formation of the Hyrynsalmi area (Kontinen, 
1986) and the Ruokostenkylä and Tuomivaara 
Formations of Sotkamo (Gehör and Havola 1988). 
At Sotkamo, a few kilometres south of the area 
of Fig. 1 at the eastern margin of the Kainuu Schist 
Belt, the latter formation is overlain by the Tuuli
mäki Formation whose red bed lithology is simi
lar to that of the PE It is not improbable that the 

r Tectofacies 

CD Sumi - Sanola 

CI) Kainuu-Lapponi l Kainuu Group 

zzz Iron-formation 
- - - Turbidite 

Q) Kainuu- Lapponi I Cent rat Puolanka Group 

@ Jatuli 

@ Lower & Middle Kaleva 

® Upper Kaleva === Conglomerate 

Fig. 11. Scheme showing the Pyssykulju Formation (Upper Kaleva tectofacies) as the topmost sedimentary unit deposited on the Väyrylä 
Group (Lower-Middle Kaleva tectofacies), which, together with the Pyssykulju Formation, deposited into a fault-controlled basin developed 
upon the three earlier Karelian tectofacies (Sumi-Sariola, Kainuu-Lapponi, Jatuli, see Laajoki 1988). 
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conglomerate and quartzite occurrence at Jokijyrk-
kä (Fig. l, for description see Väyrynen 1928, pp.
72-75, Enkovaara et al.19, pp. 66-68) is correla-
tive with the PF.

Therefore, it can be stated that the turbiditic
phase(s) that followed the open sea Jatuli tecto-
facies (see Fig. 12 and Laajoki 1988, Täble 3) was
succeeded by a phase during which orthoquartzitic

sands were deposited by fluvial and/or near-shore
processes at the eastern margin of the Kainuu
Schist Belt. Because these two post-Jatuli phases

differ from the traditional metapelite dominated
Kaleva of North Karelia, it is proposed that they
be grouped into tectofacies of their own called the
Lower Kaleva and Upper Kaleva tectofacies (Table
2). These tectofacies may represent the stage during
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conglomerate and quartzite occurrence at Jokijyrk
kä (Fig. 1, for description see Väyrynen 1928, pp. 
72-75, Enkovaara et al. 19, pp. 66-68) is correla
tive with the PF. 

Therefore, it can be stated that the turbiditic 
phase(s) that followed the open sea Jatuli tecto
facies (see Fig. 12 and Laajoki 1988, Table 3) was 
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Table 2. Definition of the Kaleva tectofacies of the Kainuu Schist Belt.

Tectofacies Tectonosedimentaryphase Majorlithologies Type examples Other examples

Upper Kaleva

Middle Kaleva

Lower Kaleva

Molasse-type filling of
the Kainuu basin

Major filling of the axial
zone of the Kainuu basin

Rifting and break-up of the
Karelia continent and
formation of the Kainuu
basin(s)

Fluvial-shallow marine
orthoquartzites and
metasilts

Monotonous and thick
turbidites

Black schists, iron-
formations, turbiditic
metapsammites and
schists (in marginal parts)
Ophiolites and assoc.
rocks (in axial parts)

Pyssykulju
(this study)

Iijärvi Formation
(Kontinen, 1986)

Tuomivaara and
Ruokostenkylä
formations (Cehör
and Havola 1988)
Jormua Ophiolite
Complex (Kontinen
1987)

Tuulimäki Formation
(Gehör and Havola
1988) (? Jokijyrkkä)

Nuasjärvi Formation
(Gehör and Havola
l 988)

Väyrylä Group.
Uva, Väisälä and
Kotila formations
(Kontinen, 1986)

which the Karelian sedimentation basin developed
to its maximum extent and the Jatuli tectofacies
started to be compressed and faulted by subver-
tical block movements probably caused by the in-
cipient Kolalappidic orogeny in Kola and Lapland
about 2000 Ma ago. The Lower Kaleva tectofacies
consists of products of fan delta - delta complexes
deposited in fault-bounded basins (see Kontinen
1986, Gehör and Havola 1988, Kärki 1988). The
PF and the Tüulimäki Formation prograded upon
the basinal sediments of the Väyrylä Group at Puo-
lanka and on the Tüomivaara Formation at Sot-
kamo, respectively.

The eastern Kaleva in Kainuu is thus composed
of rwo different lithologies, of which the lower one
is distinguished by turbidites and the associated
iron-formations concentrated in the Kainuu Schist
Belt, and the upper one by pure, fluvial - near
shore quartzites. The relation of these two tecto-
facies to the Jormua Ophiolite Complex and the
overlying pelitic metaturbidites of the lijärvi For-
mation (Kontinen 1986, 1987) and the correlative
Nuasjärvi Formation of Gehör and Havola (1988)

is still being discussed. The latter authors propose
that the Nuasjärvi Formation is a lateral equivalent
of the l,ower Kaleva tectofacies, whereas Kontinen
(1986) maintained that the Iijärvi Formation over-
lies the rocks correlative with the basal parts of
the Lower Kaleva. In Täble 2 it is envisased that

the major turbidite fills (the Iijärvi and Nuasjärvi
formations) occupy the medial position between
the Lower and Upper Kaleva and so they are in-
cluded in the Middle Kaleva. (Note that Kontinen's
(1987) Upper Kaleva corresponds to the Middle Ka-
leva of the present study.) Because the Upper Ka-
leva is not met with in the Hyrynsalmi area and
because the contact between the Tuulimäki and
Nuasjärvi formations is tectonic this representa-
tion must be considered tentative only.

According to the tectonosedimentary model de-
veloped by Laajoki (1986, 1988 in press) for Kare-
lian formations (this traditional term includes both
the Karelia and the Kaleva tectofacies) in Finland,
the Kaleva tectofacies can be interpreted as either
a foredeep, a strike-slipe basin (cf. Ward 1987) or
a passive margin (cf. Kontinen 1987) developed
upon the Karelia tectofacies. The PF (or the Up-
per Kaleva) could represent the molasse, the trans-
pression or the open sea stage (Fig. l2). We can-
not establish which of these alternatives is the most
probable until we have a better understanding of
the tectonosedimentological evolution of the Ka-
relian formations as an Early Proterozoic sedimen-
tation system that once covered the major north-
eastern half of the Fennoscandian Shield. Besides,
as pointed out by Ward (1987), the Kaleva may in
fact consist of more than one basin type.
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Table 2. Definiti o n of the Kaleva tectofacies of the Kainuu Schist Belt. 

Tecto facies Tectonosedimentary phase Major lithologies Type examples Other examples 

Upper Kaleva Molasse-type fill ing of Fluvial-shallow marine Pyssykulju Tuulimäki Formation 
the Kainuu basin orthoquartzites a nd (this study) (Gehör and Havola 

metasi lt s 1988) (? Jokijyrk kä) 

Middle Kaleva Major filling of the ax ia l Monotonous a nd thick lijä rvi Format io n Nuasjärvi Forma tion 
zone o f the Kainuu basin turbidites (Kontinen , 1986) (Gehör and Havola 

1988) 

Lower Kaleva Rifting and break-up of the Black schists, iron- Tuomivaara and Väyrylä Group. 
Karel ia continent and for mations, turbiditic Ruo kostenkylä Uva, Väisälä a nd 
formation of the Kainuu metapsammi tes and fo rmations (Gehör Kotila fo rma tions 
basin(s) schists (in marg ina l parts) and Havola 1988) (Ko ntinen, 1986) 

Ophioli tes and assoc. Jormua Ophioli te 
rocks (in axial parts) Complex (Kontinen 

which the Karelian sedimentation basin developed 
to its maximum extent and the Jatuli tectofacies 
started to be compressed and faulted by subver
tical block movements probably caused by the in
cipient Kolalappidic orogeny in Kola and Lapland 
about 2000 Ma ago. The Lower Kaleva tectofacies 
consists of products of fan delta - delta complexes 
deposited in fault-bounded basins (see Kontinen 
1986, Gehör and Havola 1988, Kärki 1988). The 
PF and the Tuulimäki Formation prograded upon 
the basinal sediments of the Väyrylä Group at Puo
lanka and on the Tuomivaara Formation at Sot
kamo, respectively. 

The eastern Kaleva in Kainuu is thus composed 
of twO different lithologies, of which the lower one 
is distinguished by turbidites and the associated 
iron-formations concentrated in the Kainuu Schist 
Belt , and the upper one by pure, fluvial - near 
shore quartzites. The relation of these two tecto
facies to the Jormua Ophiolite Complex and the 
overlying pelitic metaturbidites of the Iijärvi For
mation (Kontinen 1986, 1987) and the correlative 
Nuasjärvi Formation of Gehör and Havola (1988) 
is still being discussed. The latter authors propose 
that the Nuasjärvi Formation is a lateral equivalent 
of the Lower Kaleva tectofacies, whereas Kontinen 
(1986) maintained that the Iijärvi Formation over
lies the rocks correlative with the basal parts of 
the Lower Kaleva. In Table 2 it is envisaged that 

1987) 

the major turbidite fill s (the Iijärvi and Nuasjärvi 
formations) occupy the medial position between 
the Lower and Upper Kaleva and so they are in
c1uded in the Middle Kaleva. (Note that Kontinen's 
(1987) Upper Kaleva corresponds to the Middle Ka
leva of the present study.) Because the Upper Ka
leva is not met with in the Hyrynsalmi area and 
because the contact between the Tuulimäki and 
Nuasjärvi formations is tectonic this representa
ti on must be considered tentative only. 

According to the tectonosedimentary model de
veloped by Laajoki (1986, 1988 in press) for Kare
lian formations (this traditional term inc1udes both 
the Karelia and the Kaleva tectofacies) in Finland, 
the Kaleva tectofacies can be interpreted as either 
a foredeep, a strike-slipe basin (cf. Ward 1987) or 
a passive margin (cf. Kontinen 1987) developed 
upon the Karelia tectofacies. The PF (or the Up
per Kaleva) could represent the molasse, the trans
pression or the open sea stage (Fig. 12). We can
not estabHsh which of these alternatives is the most 
probable until we have a better understanding of 
the tectonosedimentological evolution of the Ka
relian formations as an Early Proterozoic sedimen
tation system that once covered the major north
eastern half of the Fennoscandian Shield. Besides, 
as pointed out by Ward (1987), the Kaleva may in 
fact consist of more than one basin type. 
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dimentology of its Kalevian metasediments at Melalahti, northern Finland.
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The Karelian supracrustal rocks of the Melalahti area are divided into
three groups. The lowest, the Tahkoniemi Group, is composed of arkosic
meta-arenites overlain by acid and basic volcanogenic schists. The meta-
sediments are intensely deformed and often migmatized into gneisses by
granitic material.

The Melalahti group is made up of three formations, of which the lowest
comprises sericite-rich quartzites. The middle one is composed of pure,
Jatuli-type meta-arenites representing an open sea or shelf stage, and the
uppermost one consists of overlying dolomites, pelites and basic tuffaceous
schists.

The Matalasuo Group overlies the Tahkoniemi and Melalahti Groups
unconformably. It is divided into two formations, of which the lower one
is composed of clast-supported conglomerates and arenites of fan-delta
association, and the upper one is made up of matrix-supported conglo-
merates and pelites of submarine fan origin.

Key words: metasedimentary rocks, lithostratigraphy, lithofacies, sedimen-
tology, Proterozoic. Melalahti, Paltamo, Kainuu, Finland.

Aulis Körki, University of Oulu, Department of Geology, Linnanmaa,
90570 Oulu, Finland.

INTRODUCTION

The Melalahti area (Fig. l) is in the municipality
of Paltamo, northern Finland, in the central part
of the Early Proterozoic Kainuu Schist Belt (Si-
monen 1980, Laajoki et al. 1983), where a Kare-
lian section from the Archaean basement up to
lower Proterozoic Kalevian metasediments is vis-
ible. The present paper reviews the Karelian
stratigraphy and discusses the sedimentological

character of the lowermost parts of the Kalevian
meta-sediments at Melalahti.

Field investigations in the area were carried out
in 1980-1982 by a team from the Exploration De-
partment of the Geological Survey of Finland
under the leadership of Timo Heino. This work
is based on the results of those studies.

t49

Sedimentology of the Precambrian formations in eastern and northern Finland . 1986 
Edited by Kauko Laajoki and Juhani Paakko1a 
Geological Survey of Finland , Special Paper 5: 149-164, 1988 

STRATIGRAPHY OF THE KAINUU SCHIST BELT AND 
PALAEOSEDIMENTOWGY OF ITS KALEVIAN METASEDIMENTS 

AT MELALAHTI, NORTHERN FINLAND 

by 
Aulis Kärki 

Kärki, Aulis, 1988. Stratigraphy of the Kainuu Schist Belt and palaeose
dimentology of its Kalevian metasediments at Melalahti, northern Finland. 
Geological Survey oj Finland, Special Paper 5. 149-164, 19 jigures. 

The Karelian supracrustal rocks of the Melalahti area are divided into 
three groups. The lowest, the Tahkoniemi Group, is composed of arkosic 
meta-arenites overlain by acid and basic volcanogenic schists. The meta
sediments are intensely deformed and often migmatized into gneis ses by 
granitic material. 

The Melalahti group is made up of three formations, of which the lowest 
comprises sericite-rich quartzites . The middle one is composed of pure, 
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INTRODUCTION 

The Melalahti area (Fig. 1) is in the municipality 
of Paltamo, northern Finland, in the central part 
of the Early Proterozoic Kainuu Schist Belt (Si
monen 1980, Laajoki et al. 1983), where a Kare
lian section from the Archaean basement up to 
lower Proterozoic Kalevian metasediments is vis
ible. The present paper reviews the Karelian 
stratigraphy and discusses the sedimentological 

character of the lowermost parts of the Kalevian 
meta-sediments at Melalahti. 

Field investigations in the area were carried out 
in 1980-1982 by a team from the Exploration De
partment of the Geological Survey of Finland 
under the leaders hip of Timo Heino. This work 
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Fig. l. The location of the study area in the Kainuu Schist
Belt, northern Finland.

The metasediments of the study area are divided
into three groups, which, from lowest to upper-
most, are: the Tahkoniemi Group, the Melalahti
Group and the Matalasuo Group. A schematic
column of the stratigraphy is presented in Fig. 2.
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The Melalahti Group corresponds to the tradi-
tional Jatulian formations, and the Matalasuo
Group is correlative with the Kalevian-type meta-
sediments (Simonen 1980, Laajoki 1986b).

The metasediments have undergone polyphase
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Belt , northern Finland . 

GENERAL GEOLOGY 

The metasediments of the study area are divided 
into three groups, which, from lowest to upper
most, are: the Tahkoniemi Group, the Melalahti 
Group and the Matalasuo Group. A schematic 
column of the stratigraphy is presented in Fig. 2. 
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The Melalahti Group corresponds to the tradi
tional Jatulian formations, and the Matalasuo 
Group is correlative with the Kalevian-type meta
sediments (Sirnonen 1980, Laajoki 1986b). 

The metasediments have undergone polyphase 



Stratigraphy of the Kainuu Schist Belt and
Geological Survey of Finland, Special paper 5

palaeosedimentology of its Kalevian metasediments at Melalahri, northern Finland

@A
-:Ä
f,,8
E \./

Horkanlampi
Formation
(100 m-)

Hahtolanmäki
Formation
(50-300 m)

i!l

7i zri

Horkankallio
Formation
( -400 m)

Kivimäki
Formation

(200-500 m)

Pentinmäki
Formation
( -500 m)

93

Ellukkalahti
Formation
( -200 m)

Vehkasuo
Formation
( -300 m)

Archaean
basement

)
{l\d

Y
\
\

\

Fig. 2. Schematic
column of the strati-
graphy.

deformation. The final structure is rather complex
because of the high intensity of some of the de-
formation phases.

Structural elements of the first deformation
phase are seen in places as weak foliation parallel
to S". F, deformation has folded the meta-sedi-
ments rather tightly, with the axial plane being
overturned about 20"-30o to NE. Some over-
thursting was presumably associated with this
phase.

The F, phase predominates in the study area
and has generated tight folds, with the axial plane
trending towards 285/75 on average. FrlF,-inter-
ference patterns; deformed cup and dome struc-
tures are visible in the central block of the study
area (Fig. 3). S, foliation appears as distinct
schistosity or differentiated cleavage.

The Fo phase produced both plastic and brittle
deformation. The most important structures of this
phase are sinistral faults in a NE-SW direction.
The F, deformation phase is represented by
faults trending N-S and cutting the area into
blocks.

The conditions of metamorphism coexisting
with the F, deformation exceeded the grade of
greenschist facies. Hence the mineral pair albite-
actinolite is very characteristic of metabasites, and
the quartz-dolomite pair has remained stable in
carbonate-bearing rocks.

[]l Pentinmäki Formation

\

Y-

Fig. 3.
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Fig. 3. Lithostratigraphic map of the study area.
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deformation. The final structure is rather complex 
because of the high intensity of some of the de
formation phases . 

Structural elements of the first deformation 
phase are seen in places as weak foliation parallel 
to So' F2 deformation has folded the meta-sedi
ments rather tightly, with the axial plane being 
overturned about 20 0 -300 to NE. Some over
thursting was. presumably associated with this 
phase. 

The F3 phase predominates in the study area 
and has generated tight folds, with the axial plane 
trending towards 285/75 on average. F/ F3-inter
ference patterns; deformed cup and dome struc
tures are visible in the central block of the study 
area (Fig . 3). S3 foliation appears as distinct 
schistosity or differentiated c1eavage. 

The F4 phase produced both plastic and brittle 
deformation. The most important structures of this 
phase are sinistral faults in a NE-SW direction . 
The Fs deformation phase is represented by 
faults trending N-S and cutting the area into 
blocks. 

The conditions of metamorphism coexisting 
with the F3 deformation exceeded the grade of 
greenschist facies. Hence the mineral pair albite
actinolite is very characteristic of metabasites, and 
the quartz-dolomite pair has remained stable in 
carbonate-bearing rocks. 
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The Tahkoniemi Group comprises two forma-
tions: the Vehkasuo Formation and the conform-
ably overlying Ellukkalahti Formation. This group
is exposed in two tectonic blocks and its total thick-
ness does not exceed about half a kilometre.

Vehkasuo Formation

The Vehkasuo Formation lies on the tonalitic
Archaean basement complex. A mylonitic schist
unit showing sathrolithic features occupies the
contact zone.

The formation is composed solely of grano-
blastic meta-arenites whose primary sedimentary
structures have been completely destroyed. It is a
sand unit with alternating arkosic and quartzitic
beds. The arkosic schists are white, granoblastic
and composed of quartz, plagioclase and sericite.
The beds of more mature sediments are greyish,
greenish or blueish quartzites. In places the schists
of the formation are strongly migmatized by
granitic material.

Ellukkalahti Formation

The Ellukkalahti Formation has two members:

STRATIGRAPHY OF THE TAHKONIEMI GROUP AND THE MELALAHTI GROUP

Tahkoniemi Group

a lower arkose-schist member and a volcanite
member. A characteristic feature of the arkose-
schist member is the abundant, fine-grained,
quartz-feldspar material, probably volcanic in
origin, whereas in the upper volcanite member
basic volcanogenic material predominates.

Arkose-schist member: The arkose-schist member
contains very fine-grained quartz-albite schists,
quartzites and phyllites and has a maximum thick-
ness of 150 metres. Stratification caused by dis-
tinct differences in the mineral composition of in-
dividual beds is the only primary structure found.

The lowermost part of the member is a rather
homogeneous arkose schist unit with only few
metapelite and quartzite beds. The abundance of
pelitic material increases markedly towards the
upper part of the member. The thickness of the
metapelite beds varies from some millimetres so
some tens of centimetres, and the beds are laminar
or show metamorphic banding.

Volcanite member: The volcanite member is
composed of basic tuffaceous schists, volcanics
and volcanic breccias with some quartzitic inter-
beds. The metavolcanics are granoblastic, acti-
nolite-albite-quartz-chlorite rocks often deformed
into schists. Locally, however, structures inter-
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Fig. 4. Basic, amygdaloidal metavolcanic rock
plate 55 mm.
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STRATIGRAPUY OF TUE TAUKONIEMI GROUP AND TUE MELALAUTI GROUP 

Tahkoniemi Group 

The Tahkoniemi Group comprises two forma
tions: the Vehkasuo Formation and the conform
ably overlying Ellukkalahti Formation. This group 
is exposed in two tectonic blocks and its total thick
ness does not exceed about half a kilometre. 

Vehkasuo Formation 

The Vehkasuo Formation lies on the tonalitic 
Archaean basement complex. A mylonitic schist 
unit showing sathrolithic features occupies the 
contact zone. 

The formation is composed solely of grano
blastic meta-arenites whose primary sedimentary 
structures have been completely destroyed. It is a 
sand unit with alternating arkosic and quartzitic 
beds. The arkosic schists are white, granoblastic 
and composed of quartz, plagioclase and sericite. 
The beds of more mature sediments are greyish, 
greenish or blueish quartzites. In places the schists 
of the formation are strongly migmatized by 
granitic material. 

Ellukkalahti Formation 

The Ellukkalahti Formation has two members: 

a lower arkose-schist member and a volcanite 
member. A characteristic feature of the arkose
schist member is the abundant, fine-grained, 
quartz-feldspar material, probably volcanic in 
origin, whereas in the upper volcanite member 
basic volcanogenic material predominates. 

Arkose-schist member: The arkose-schist member 
contains very fine-grained quartz-albite schists, 
quartzites and phyllites and has a maximum thick
ness of 150 metres. Stratification caused by dis
tinct differences in the mineral composition of in
dividual beds is the only primary structure found. 

The lowermost part of the member is a rather 
homogeneous arkose schist unit with only few 
metapelite and quartzite beds. The abundance of 
peliHc material increases markedly towards the 
upper part of the member. The thickness of the 
metapelite beds varies from some milli met res so 
some tens of centimetres, and the beds are laminar 
or show metamorphic banding. 

Volcanite member: The volcanite member is 
composed of basic tuffaceous schists, volcanics 
and volcanic breccias with some quartzitic inter
beds. The metavolcanics are granoblastic , acti
nolite-albite-quartz-chlorite rocks often deformed 
into schists. Locally, however, structures inter-

Fig. 4. Basic, amygdaloidal metavolcanic rock of the Tahkoniemi Group, Volcanite member. Diameter of 
plate 55 mm. 
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preted as amygdales (Fig. 4) and primary breccias
have- been found.

The tuffaceous schists have the same mineral
composition as the metavolcanics but are finer in
grain size. They are laminar, with the thickness
of one lamina being no more than some centi-

metres at most. The abundance of amphibole
varies considerably from one bed to another. The
volcanic breccias containing quartzitic fragments
and acid gneiss fragments are associated with the
metatuffs. Some quartzitic interbeds also occur in
this unit.

Melalahti Group

The lower contact of the Melalahti Group is not
exposed but the contact against the underlying
Tahkoniemi Group seems to be unconformable.
The group is divided into three formations, which,
from lowest to uppermost are: the Pentinmäki For-
mation, the Kivimäki Formation and the Horkan-
kallio Formation. The total thickness of the group
does not exceed one kilometre.

Pentinmäki Formation

The Pentinmäki Formation is divided into an
arkose-quartzite member and a sericite-quartzite
member. The arkose-quartzite member is a mono-
tonous meta-arenite unit composed of cross-strati-
fied arkose quartzites with a set thickness of 0.2

-l metre. However the primary structures of this
unit have often been destroyed by deformation.
The quartzites are granoblastic and either white

or reddish. They are composed of quartz, albite,
K-feldspar and sericite. K-feldspar, apparently
detrital in origin, is not as common in the lower
units as it is in this one.

The sericite-quartzite member is a homogeneous
unit consisting of sericite schists, sericite quartzites
and quartz wackes. The abundance of sericite, or
more correctly, muscovite, can exceed 40 90. The
metasediments are blastoclastic but most of the pri-
mary structures have been destroyed by deforma-
tion and intense recrvstallization of matrix micas.

Kivimäki Formation

The Kivimäki Formation has two members, of
which the lower, the orthoquartzite member, is

composed of very mature meta-arenites. The rocks
are greyish or reddish and typically cross-stratified
with set thicknesses from 5 cm to 0.5 m and local
herringbone cross-bedding (Fig. 5). The purest

Fig. 5. Quatzite with herring-bone cross-bedding from the Kivimäki Formation, Orthoquartzite member. LengXh

of compass 12 cm.
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preted as amygdales (Fig. 4) and primary breccias 
have been found. 

The tuffaceous schists have the same mineral 
composition as the metavolcanics but are finer in 
grain size. They are laminar, with the thickness 
of one lamina being no more than some centi-

metres at most. The abundance of amphibole 
varies considerably from one bed to another. The 
volcanic breccias containing quartzitic fragments 
and acid gneiss fragments are associated with the 
metatuffs. Some quartzitic interbeds also occur in 
this unit . 

Melalahti Group 

The lower contact of the Melalahti Group is not 
exposed but the contact against the underlying 
Tahkoniemi Group seems to be unconformable. 
The group is divided into three formations, which, 
from lowest to uppermost are: the Pentinmäki For
mation, the Kivimäki Formation and the Horkan
kallio Formation. The total thickness of the group 
does not exceed one kilometre. 

Pentinmäki Formation 

The Pentinmäki Formation is divided into an 
arkose-quartzite member and a sericite-quartzite 
member. The arkose-quartzite member is a mono
tonous meta-arenite unit composed of cross-strati
fied arkose quartzites with a set thickness of 0.2 
-1 metre. However the primary structures of this 
unit have often been destroyed by deformation. 
The quartzites are .granoblastic and either white 

or reddish. They are composed of quartz, albite, 
K-feldspar and sericite. K-feldspar, apparently 
detrital in origin, is not as common in the lower 
units as it is in this one. 

The sericite-quartzite member is a homogeneous 
unit consisting of sericite schists, sericite quartzites 
and quartz wackes. The abundance of sericite, or 
more correctly, muscovite, can exceed 40 070. The 
metasediments are blastoclastic but most of the pri
mary structures have been destroyed by deforma
tion and intense recrystallization of matrix micas. 

Kivimäki Formation 

The Kivimäki Formation has two members, of 
which the lower, the orthoquartzite member, is 
composed of very mature meta-arenites. The rocks 
are greyish or reddish and typically cross-stratified 
with set thicknesses from 5 cm to 0.5 m and local 
herringbone cross-bedding (Fig. 5). The purest 

Fig. 5. Quatzite with herring-bone cross-bedding from the Kivimäki Formation, Orthoquartzite member. Length 
of compass 12 cm. 
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Fig. 6. Cross-stratified dolomite with quartzite interbeds and lenses. The lowermost parr of the Horkankallio
Formation. Length of compass 12 cm.

quartzites are glassy, granoblastic meta-arenites
with matrix rich in quartz. Grey quartzites include
sericite and some feldspars.

The meta-arenites of the upper member, the
quartzite-pelite member, are less mature than those
of the lower one. The quartzites are often grey and
include feldspars. Their matrix is pelitic and they
contain metapelite interbeds up to 20 cm thick.

The pelitic material is particularly abundant in
the quartzites of the uppermost part of the
member. The quartzites also include carbonate
whose abundance can exceed 25 Vo, indicating a
gradational contact with the Horkankallio Forma-
tion.

Horkankallio Formation

The Horkankallio Formation is composed of
dolomite metasediments with interbedded basic
volcanogenic schists and phyllites. Deposition of
the formation was followed by a period of ero-
sion, due to which the remaining thickness of the
formation varies from 0 to 400 metres.

Dolomites. The dolomites are stratified but
strongly deformed impure rocks often containing
quartz and micas. The lowermost units show cross-
bedding and may contain quartzite interbeds and
lenses (Fig. 6). The dolomites of the upper part
are comparatively homogeneous but stratified (Fig.
7), and most of them seem to be clastic.

ts4

Metatuffites. The metatuffites are basic schists
composed of actinolite, albite, biotite, chlorite and

Fig. 7. Stratified dolomite of the upper part of the Horkan-
kallio Formation. Length of compass l2 cm.
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Fig. 6. Cross-stratified dolomite with Quartzite interbeds and lenses. The lowermost part of the Horkankallio 
Formation. Length of compass 12 cm. 

quartzites are glassy, granoblastic meta-arenites Metatuffites. The metatuffites are basic schists 
with matrix rich in quartz. Grey quartzites include composed of actinolite, albite, biotite, chlorite and 
sericite and some feldspars. 

The meta-arenites of the upper member, the 
quartzite-pelite member, are less mature than those 
of the lower one. The quartzites are often grey and 
include feldspars. Their matrix is pelitic and they 
contain metapelite interbeds up to 20 cm thick. 

The pelitic material is particularly abundant in 
the quartzites of the uppermost part of the 
member. The quartzites also include carbonate 
whose abundance can exceed 25 070, indicating a 
gradational contact with the Horkankallio Forma
tion. 

Horkankallio Formation 

The Horkankallio Formation is composed of 
dolomite metasediments with interbedded basic 
volcanogenic schists and phyllites. Deposition of 
the formation was followed by aperiod of ero
sion, due to which the remaining thickness of the 
formation varies from 0 to 400 metres. 

Dolomites. The dolomites are stratified but 
strongly deformed impure rocks often containing 
quartz and micas. The lowermost units show cross
bedding and may contain quartzite interbeds and 
lenses (Fig. 6). The dolomites of the upper part 
are comparatively homogeneous but stratified (Fig. 
7), and most of them seem to be clastic. 

154 

Fig. 7. Stratified dolomite of the upper part of the Horkan
kallio Formation. Length of compass 12 cm. 



Geological Survey of Finland, Special Paper 5

Stratigraphy of the Kainuu Schist Belt and palaeosedimentology of its Kalevian metasediments at Melalahti, northern Finland

Fig. 8. Basrc, coarse-grained metatuffite with dolomitic interbeds of the Horkankallio Formation. Diameter
of plate 6 cm.

often carbonate. The fairly high content of the car-
bonate indicates cogenetic deposition with the
dolomites. There are also some dolomite interbeds
in the metatuffs (Fig. 8).

Carbonate-rich tuffites have been recrystallized
into coarse-grained, homogeneous schists whereas
those poor in carbonate are fine-grained and still
show primary laminar stratification or graded bed-
ding.

Metapelites

thickness of some metres or tens of metres. Si-
tuated at many levels in the formation, they are
interbedded with both the metatuffs and the do-
lomites.

The chlorite schists are exceptionally rich in iron.
Their total iron content as FerO, is 15-20 9o

and some authors have classified them as silicate
iron-formations. Their high alkali and aluminium
contents (KrO : 1.0 9o-1.5 90, NarO : 2.8 Vo

-4.5 Vo and AlrO, : 18.5 Vo-20 9o) indicate,
however, that they are not true iron-formations.
There are some indications of chemical sedimen-
tation, as for example the chert units that have
been found in the Horkankallio Formation.

Metapelites, marbles
often laminar and occur

and chlorite schists are
in units with a maximum

STRATIGRAPHY AND PALAEOSEDIMENTOLOGY OF THE MATALASUO GROUP

The Matalasuo Group rests unconformably on
the older sedimentary units. The magnitude of the
hiatus varies an hence locally the group may lie
directly on the basement complex. However, the
Melalahti Group is often largely preserved and the
unconformity is situated on the Horkankallio For-
mation.

Marked vertical faults developed during the
period of erosion preceding the sedimentation of
the Matalasuo group. Because of these move-

menls, the position of the unconformity varies as

mentioned. However, the evolution of the sedi-
mentation environments was controlled by tectonic
events.

The metasediments of the Matalasuo Group are
divided into two formations: the Hahtolanmäki
Formation (lower) and the Horkanlampi Forma-
tion (upper[ only the lowermost part of the group
is exposed.
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often carbonate. The fairly high content of the car
bonate indicates cogenetic deposition with the 
dolomites. There are also some dolomite interbeds 
in the metatuffs (Fig. 8). 

Carbonate-rich tuffites have been recrystallized 
into coarse-grained, homogeneous schists whereas 
those poor in carbonate are fine-grained and still 
show primary laminar stratification or graded bed
ding. 

Metapelites 

Metapelites, marbles and chlorite schists are 
often laminar and occur in units with a maximum 

thickness of some metres or tens of metres . Si
tuated at many levels in the formation, they are 
interbedded with both the metatuffs and the do
lomites. 

The chlorite schists are exceptionally rich in iron. 
Their total iron content as Fe20 3 is 15-20 070 
and some authors have c1assified them as silicate 
iron-formations. Their high alkali and aluminium 
contents (K20 = 1.0 %-1.5 %, Na20 = 2.8 % 
-4.5 % and Al20 3 = 18.5 %-20 %) indicate, 
however, that they are not true iron-formations. 
There are some indications of chemical sedimen
tation, as for example the chert units that have 
been found in the Horkankallio Formation. 

STRATIGRAPHY AND PALAEOSEDIMENTOLOGY OF THE MATALASUO GROUP 

The Matalasuo Group rests unconformably on 
the older sedimentary units. The magnitude of the 
hiatus varies an hence locally the group may lie 
directly on the basement complex. However, the 
Melalahti Group is often largely preserved and the 
unconformity is situated on the Horkankallio For
mation. 

Marked vertical faults developed during the 
period of erosion preceding the sedimentation of 
the Matalasuo group. Because of these move-

ments, the position of the unconformity varies as 
mentioned. However, the evolution of the sedi
mentation environments was controlled by tectonic 
events. 

The metasediments of the Matalasuo Group are 
divided into two formations: the Hahtolanmäki 
Formation (lower) and the Horkanlampi Forma
tion (upper); only the lowermost part of the group 
is exposed. 
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Hahtolanmäki formation (HMF)

The thickness and character of the facies as-
semblages in the sections of the Hahtolanmäki
Formation vary considerably. The fault (Fig. 3)
sharply cutting the older formations has had a
marked influence on the genesis of the Hahtolan-
mäki Formation. There are some sedimentary
breccias not far from the fault line, with big, an-
gular boulders interpreted as talus deposits (cf.
Wells 1984, Ethridge & Wescott 1984, Surlyk
le84).

Two typical vertical sections across the Hahto-
lanmäki Formation are shown in Fig. 9 and their
locations on the map in Fig. 3. The facies classifi-
cation applied to the formation was modified from
the one used by Miall (1978) for alluvial deposits.

Facies Gms: Matrix-supported conglomerates

This facies consists of phyllite matrix-supported
conglomerates with phenoclasts of cobble size. The
cobbles are composed of phyllite, black schist, do-
lomite and quartzite and their mean diameter is
typically not more than 4 cm. The clasts seem to
be randomly oriented.

Facies Gm: Clast-supported conglomerates

The conglomerates of this facies are divided into
two subfacies on the basis of clast and matrix com-
position.

The conglomerates of subfacies Gm(l) have
dark, biotite-bearing quartzite matrix. The clasts
are cobble size at most and composed of quart-
zite, phyllite and dolomite. The cobbles are sub-
angular to subrounded and often not well oriented
(Fig. l0). The abundance of dolomite clasts de-
creases upwards in the sections.

The conglomerates of subfacies Gm(2) seem to
be better imbricated (Fig. ll), and their arenitic
matrix contains only minor micas. Clasts are
mainly quartzitic and subrounded, and the biggest
of them are from pebble to cobble in size. They
seem to be fairly well sorted. The beds often show
upward fining but there are also some upward
coarsening ones. Erosional contacts between the
beds are fairly common.

Facies Gp: Planar cross-bedded or horizontal
stratified conglomerates

The conglomerates of this facies are well strati-
fied, and contacts between the beds are typically
sharp, often erosional (Fig. l2). Quartzitic pheno-
clasts are angular to subangular and their maxi-
mum size varies from 10 to 30 cm. Psephites may
include only a few big clasts in quartzite matrix,
and quartzitic interbeds are common. In some
places, the conglomerates are gradational to planar
cross-bedded quartzites.

Fig. 10. Clast-supported conglomerate of facies Gm(l) from the lowermost part of the Hahtolanmäki Forma-
tion. The phenoclasts are composed mainly of dolomite and quartzite.
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Hahtolanmäki formation (HMF) 

The thickness and character of the facies as
semblages in the sections of the Hahtolanmäki 
Formation vary considerably. The fault (Fig. 3) 
sharply cutting the older formations has had a 
marked influence on the genesis of the Hahtolan
mäki Formation. There are some sedimentary 
breccias not far from the fault line, with big, an
gular boulders interpreted as talus deposits (cf. 
Wells 1984, Ethridge & Wescott 1984, Surlyk 
1984). 

Two typical vertical sections across the Hahto
lanmäki Formation are shown in Fig. 9 and their 
locations on the map in Fig. 3. The facies elassifi
cation applied to the formation was modified from 
the one used by Miall (1978) for alluvial deposits. 

Facies Gms: Matrix-supported conglomerates 

This facies consists of phyllite matrix-supported 
conglomerates with phenoelasts of cobble size. The 
cobbles are composed of phyllite, black schist, do
lomite and quartzite and their mean diameter is 
typically not more than 4 cm. The elasts seem to 
be randomly oriented. 

Facies Gm: Clast-supported conglomerates 

The conglomerates of this facies are divided into 
two subfacies on the basis of elast and matrix com
position. 

The conglomerates of subfacies Gm(1) have 
dark, biotite-bearing quartzite matrix. The elasts 
are cobble size at most and composed of quart
zite, phyllite and dolomite . The cobbles are sub
angular to subrounded and often not weH oriented 
(Fig. 10). The abundance of dolomite elasts de
creases upwards in the sections. 

The conglomerates of subfacies Gm(2) seem to 
be better imbricated (Fig. 11), and their arenitic 
matrix contains only minor micas. Clasts are 
mainly quartzitic and subrounded, and the biggest 
of them are from pebble to cobble in size. They 
seem to be fairly well sorted. The beds often show 
upward fining but there are also some upward 
coarsening ones. Erosional contacts between the 
beds are fairly common. 

Facies Gp: Planar cross-bedded or horizontal 
stratified conglomerates 

The conglomerates of this facies are well strati
fied, and contacts between the beds are typically 
sharp, often erosional (Fig. 12). Quartzitic pheno
elasts are angular to sub angular and their maxi
mum size varies from 10 to 30 cm. Psephites may 
inelude only a few big elasts in quartzite matrix, 
and quartzitic interbeds are common. In some 
places, the conglomerates are gradational to planar 
cross-bedded quartzites. 

Fig. 10. Clast-supported conglomerate of facies Gm(I) from the lowermost part of the Hahtolanmäki Forma
tion. The phenoclasts are composed mainly of dolomite and quartzite . 
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Fig. ll. Clast-supported conglomerate with pebble and
cobble size phenoclasts composed mainly of quartzite and
minor dolomite; Facies Gm(2), Hahtolanmäki Formation.
Length of plate 15 cm.

Facies Gg: Graded-bedded conglomerates

The conglomerates of this facies contain pebbles
or cobbles in an arenitic matrix. Characteristic
features are graded bedding and upward fining
beds (Fig. l3).

Facies Sc and Sp: Cross-bedded quartzites

The metasediments of these facies are cross-
bedded biotite and graphite-bearing grey quartzites
with a characteristically blastoclastic texture.
Cross-bedding of facies Sp quartzites is planar.

Facies Ds: Carbonate schists

Typical metasediments of this facies are impure
dolomites and laminar marbles.
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Fig. 12. Quartzite matrix-supported conglomerate with planar cross-
bedded quartzite interbeds; Facies Gp, Hahtolanmäki Formation. Length
of oencil 15 cm.

Fig. 13. Graded-bedded conglomerate of facies Gg, Hahto-
lanmäki Formation. Length of plate l5 cm.
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Fig. 11 . Clast-supported conglomerate with pebble and 
cobble size phenoclasts composed mainly of quartzite and 
minor dolomite; Facies Gm(2), Hahtolanmäki Formation. 
Length of plate 15 cm. 

Facies Gg: Graded-bedded conglomerates 

The conglomerates of this facies contain pebbles 
or cobbles in an arenitic matrix. Characteristic 
features are graded bedding and upward fining 
beds (Fig. 13). 

Facies Sc and Sp: Cross-bedded quartzites 

The metasediments of these facies are cross
bedded biotite and graphite-bearing grey quartzites 
with a characteristically blastoclastic texture. 
Cross-bedding of facies Sp quartzites is planar. 

Facies Ds: Carbonate schists 

Typical metasediments of this facies are impure 
dolomites and laminar marbles. 
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Fig. 12. Quartzite matrix-supported conglomerate with planar cross
bedded quartzite interbeds; Facies Gp, Hahtolanmäki Formation . Length 
of pencil 15 cm. 

Fig. 13 . Graded-bedded conglomerate of facies Gg, Hahto
lanmäki Formation. Length of plate 15 cm. 
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Interpretation

The vertical facies association of section A (Fig.
9) is for the most part composed of coarse clastic
sediments of the facies Gm, Gms and Cp, which
can be considered characteristic of the proximal
section of alluvial fan or fan-delta association
(Ethridge & Wescott 1984, Hogg 1982, Rust &
Koster 1984).

Facies Gms is interpreted as representing depo-
sits of the mud flow or debris flow type (Schumm
1977, Rust & Koster 1984). Sedimentary material
containing abundant mud material has high vis-
cosity, and the facies is typically found in the pro-
ximal area of a fan (Middleton & Trujillo 1984).

Clast-supported conglomerates constitute the
bulk of section A. The matrix of the conglomerates
of facies Gm(1) contains pelitic material, and the
conglomerates are neither well sorted nor imbri-
cated. The facies is interpreted as representing de-
posits of the sheet debris flow type (Walker 1984,
Wells 1984).

The conglomerates of facies Gm(2) are better
sorted and imbricated. They are interpreted as
sheet flood or channel fill deposits (Walker 1984,
Varley 1984). Conglomerates of this origin may
include up to 20 9o arenitic material, and cross-
stratified arenites are common interbeds in them
(Middleton & Trujillo 1984).

Facies Gp comprises bar deposits. Planar cross
stratification, gradation to facies Sp and the exis-
tence of interbeds of meta-arenites with planar
cross-stratification are characteristic features of se-

diments of this type (Kraus 1984, Middleton &
Trujillo 1984, Varley 1984).

The facies association of the HMF in section B
is more distal in origin. The vertical section is com-
posed of mature arenites showing cross-stratifica-
tion and including pelitic interbeds. The associa-
tion represents delta-plain/braid-plain deposits of
a fan-delta system (Ethridge & Wescott 1984).
Reworking of sediments is intense in this environ-
ment (Kleinspehn et ol. 1984).

Horkanlampi Formation (HLF)

The Hahtolanmäki Formation is conformably
covered by the Horkanlampi Formation which is
characterized by metasediments with a large dis-
playing graded bedding. The character of the
lithofacies associations varies notablv from one
subarea to another.

The HLF was subdivided into lithofacies by
applying the simple division of Walker (1984).
More exact classification (e.g. Mutti & Ricci
Lucchi 1978) was prevented by metamorphism and
the high degree of deformation of the metasedi-
ments.

Facies C.T.; Pelitic turbidites

Graded bedding is a characteristic feature of the
metasediments of this facies. The strata are upward
fining and their thickness varies from some centi-
metres to tens of centimetres. The coarser-grained
lower parts of the strata are composed of arenitic
or finer-grained material (Fig. 14).

It is not always possible to distinguish meta-
pelites of turbiditic origin from pure, sapropelic
metasediments. The metapelites contain 0 9o to
l0 9o graphite (Kärki 1984) and were recrystallized
into comparatively homogeneous schists with a
mean grain size of about 0.1 mm.

Facies M.S.; Massive quartzites

The quartzites of this facies are grey and in many
cases homogeneous. Some of the beds are cross-

Fig. 14. Drill-core samples of facies C.T., Horkanlampi Forma-
tion. The lower parts in the strata are composed of quartz-arenitic
or finer-grained material. Drill cores about 32 mm in diameter.
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Interpretation 

The vertical facies association of section A (Fig. 
9) is for the most part composed of coarse clastie 
sediments of the facies Gm, Gms and Gp, whieh 
can be considered characteristic of the proximal 
section of alluvial fan or fan-delta association 
(Ethridge & Wescott 1984, Hogg 1982, Rust & 
Koster 1984). 

Facies Gms is interpreted as representing depo
sits of the mud flow or debris flow type (Schumm 
1977, Rust & Koster 1984) . Sedimentary material 
containing abundant mud material has high vis
cosity, and the facies is typically found in the pro
ximal area of a fan (Middleton & Trujillo 1984) . 

Clast-supported conglomerates constitute the 
bulk of section A. The matrix of the conglomerates 
of facies Gm(1) contains pelitic material, and the 
conglomerates are neither weIl sorted nor imbri
cated. The facies is interpreted as representing de
posits of the sheet debris flow type (Walker 1984, 
Wells 1984). 

The conglomerates of facies Gm(2) are better 
sorted and imbricated . They are interpreted as 
sheet flood or channel fill deposits (Walker 1984, 
Varley 1984). Conglomerates of this origin may 
include up to 20 070 arenitic material, and cross
stratified arenites are common interbeds in them 
(Middleton & Trujillo 1984). 

Facies Gp comprises bar deposits. Planar cross 
stratifieation, gradation to facies Sp and the exis
tence of interbeds of meta-arenites with planar 
cross-stratification are characteristie features of se
diments of this type (Kraus 1984, Middleton & 
Trujillo 1984, Varley 1984). 

The facies association of the HMF in section B 
is more distal in origin. The vertical section is co m
posed of mature arenites showing cross-stratifica
tion and including pelitic interbeds. The associa
tion represents delta-plain/ braid-plain deposits of 
a fan-delta system (Ethridge & Wescott 1984). 
Reworking of sediments is intense in this environ
ment (Kleinspehn et al. 1984). 

Horkanlampi Formation (HLF) 

The Hahtolanmäki Formation is conformably 
covered by the Horkanlampi Formation which is 
characterized by metasediments with a large dis
playing graded bedding. The character of the 
lithofacies associations varies notably from one 
subarea to another. 

The HLF was subdivided into lithofacies by 
applying the simple division of Walker (1984). 
More exact classification (e.g. Mutti & Rieci 
Lucchi 1978) was prevented by metamorphism and 
the high degree of deformation of the metasedi
ments. 

Facies C. T.; Pelitic turbidites 

Graded bedding is a characteristic feature of the 
metasediments of this facies. The strata are upward 
fining and their thickness varies from some centi
metres to tens of centimetres. The coarser-grained 
lower parts of the strata are composed of arenitie 
or finer-grained material (Fig. 14). 

It is not always possible to distinguish meta
pelites of turbiditie origin from pure, sapropelic 
metasediments. The metapelites contain 0 % to 
10 % graphite (Kärki 1984) and were recrystallized 
into comparatively homogeneous schists with a 
mean grain size of about 0.1 mm. 

Facies M.S.; Massive quartzites 

The quartzites of this facies are grey and in many 
cases homogeneous. Some of the beds are cross-

Fig. 14. Drill-core sampIes of facies C.T ., Horkanlampi Forma
tion. The lower parts in the strata are composed of quartz-arenitic 
or finer-grained material. Drill co res about 32 mm in diameter. 
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stratified, but stratification of any type is not com-
mon. The quartzites are distinctly clastic and may
include some pebble-size pelitic clasts, too (Fig.
l5).

Facies CGL; Conglomerates

The metasediments of this facies are pebble
conglomerates with a maximum clast size of about

5 cm. The clasts are composed of metapelites and
various types or quartzite. The clasts composed
of black schist of phyllite are often angular or at
most subrounded (Figs. 16 & l7). The quartzite
clasts may be well rounded, too.

The conglomerates are either matrix- or clast-
supported. The beds, which are one metre thick
at most, are characterized by graded bedding. The
contacts of the beds are often sharp.

Fig. 15. Blastoclastic quartzite with pelitic clast of pebble size, facies M.S., Horkanlampi Formation.

Fig. 16. Phyllite matrix-supported conglomerate of facies CGL, Horkanlampi formation. The phenoclasts
are composed of quartzites, metapelites and acid gneisses. Diameter of coin 2 cm.
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Fig. 15. Blastoelastic quartzite with pelitic elast of pebble size, facies M.S., Horkanlampi Formation. 

stratified, but stratification of any type is not com
mon. The quartzites are distinct1y elastic and may 
inelude some pebble-size pelitic elasts, too (Fig. 
15) . 

Facies CGL; Conglomerates 

The metasediments of this facies are pebble 
conglomerates with a maximum elast size of about 

5 cm. The elasts are composed of metapelites and 
various types or quartzite. The elasts composed 
of black schist of phyllite are often angular or at 
most subrounded (Figs. 16 & 17). The quartzite 
elasts may be weIl rounded, too. 

The conglomerates are either matrix- or elast
supported. The beds, which are one metre thick 
at most, are characterized by graded bedding. The 
contacts of the beds are often sharp. 

Fig . 16. Phyllite matrix-supported conglomerate of facies CGL, Horkanlampi formation . The phenoelasts 
are composed of quartzites, metapelites and acid gneisses. Diameter of coin 2 cm. 
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Facies Matrix-supported conglomerates

The conglomerates of this facies contain big
boulders that are not well sorted, and are typically
matrix supported. The clasts are composed of
quartzites, schists and dolomite. Their abundance
and mutual relations vary considerably as does the
roundness of the clasts (Figs. 18 & 19.). Orienta-
tion is quite random. The amount of arenitic ma-
terial is often appreciable, and the conglomerates
often include abundant pelitic matrix.

Facies B.S.

Facies B.S. is composed of homogeneous black
schists with some garnet bearing beds.

Interpretation

Figure 9 shows that the HLF is composed of two
upward coarsening units in section B. The lower
one is mostly built up of facies C.T. but in the up-
per assemblage the facies is not so common. Its
metasediments are interpreted as distal or basin
plain deposits of a submarine fan (Bouma 1962,
Nilsen 1984).

Massive arenites are common in a mid-fan area
(Walker 1984, Nilsen 1984), where the most com-
mon depositional agents are low density turbidity
currents (Lowe 1984, Kessler & Moorhouse 1984,
Nilsen 1984). The arenites of facies M.S. are in-
terpreted as turbidites of this type.

The conglomerates of facies CGL and D.F. are
interpreted as debris flow deposits (Kessler &
Moorhouse 1984, Walker 1984). In a submarine
fan environment debris flows are met with in the
upper fan - feeder channel area. However, the
bigger clast size in facies D.F. indicates that the
slope was steeper during the deposition of this
facies than that of facies CGL. The steepening of
the slope and the general upward coarsening of

Fig. 17. Clast-supported conglomerate with pelitic matrix of
facies CCL, Horkanlampi Formation. The phenoclasts are com-
posed mainly of quartzites and metapelites. Drill cores about
32 mm in diameter.

the vertical assemblages are attributed to tectonic
activity (Surlyk 1984).

CONCLUSION AND DISCUSSION

The Early Proterozoic supracrustal rocks of the
Melalahti area are divided into three groups: the
lowermost Tahkoniemi Group, the Melalahti
Group and the uppermost Matalasuo Group.

The Tahkoniemi Group, which is composed of
two formations. overlies the Archaean basement

ll

unconformably. Mylonitic schists showing sa-
throlithic features occupy the contact zone. The
Vehkasuo Formation. which is the lower of the
two, includes arkosic meta-arenites and gneisses

overlain by acid tuffites and basic volcanogenic
schists of the Ellukkalahti Formation.
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Facies DF; Matrix-supported conglomerates 

The conglomerates of this facies contain big 
boulders that are not weH sorted, and are typicaHy 
matrix supported . The elasts are composed of 
quartzites, schists and dolomite. Their abundance 
and mutual relations vary considerably as does the 
roundness of the elasts (Figs. 18 & 19.). Orienta
tion is quite random. The amount of arenitic ma
terial is often appreciable, and the conglomerates 
often inelude abundant pelitic matrix. 

Facies B.S. 

Facies B.S. is composed of homogeneous black 
schists with some gamet bearing beds. 

Interpretation 

Figure 9 shows that the HLF is composed of two 
upward coarsening units in section B. The lower 
one is mostly built up of facies C.T. but in the up
per assemblage the facies is not so common. Its 
metasediments are interpreted as distal or basin 
plain deposits of a submarine fan (Bouma 1962, 
Nilsen 1984). 

Massive arenites are common in amid-fan area 
(Walker 1984, Nilsen 1984), where the most com
mon depositional agents are low density turbidity 
currents (Lowe 1984, Kessler & Moorhouse 1984, 
Nilsen 1984). The arenites of facies M.S. are in
terpreted as turbidites of this type. 

The conglomerates of facies CGL and D.F. are 
interpreted as debris flow deposits (Kessler & 
Moorhouse 1984, Walker 1984). In a submarine 
fan environment debris flows are met with in the 
upper fan - feeder channel area. However, the 
bigger elast size in facies D.F. indicates that the 
slope was steeper during the deposition of this 
facies than that of facies CGL. The steepening of 
the slope and the general upward coarsening of 

Fig . 17. Clast-supported conglomerate with pelitic matrix of 
facies CGL, Horkanlampi Formation. The phenoclasts are com
posed mainly of quartzites and metapelites . Drill cores about 
32 mm in diameter. 

the vertical assemblages are attributed to tectonic 
activity (Surlyk 1984). 

CONCLUSION AND DISCUSSION 

The Early Proterozoic supracrustal rocks of the 
Melalahti area are divided into three groups: the 
lowermost Tahkoniemi Group, the Melalahti 
Group and the uppermost Matalasuo Group. 

The Tahkoniemi Group, wh ich is composed of 
two formations, overlies the Archaean basement 

11 

unconformably. Mylonitic schists showing sa
throlithic features occupy the contact zone. The 
Vehkasuo Formation, which is the lower of the 
two, ineludes arkosic meta-arenites and gneis ses 
overlain by acid tuffites and basic volcanogenic 
schists of the EHukkalahti Formation. 
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We can correlate this group with the Central
Puolanka Group in the northwestern part of the
Kainuu Schist Belt (Laajoki 1986a), and at Kives-
vaara in the western margin, a correlative section
is visible (Heino 1983). In the southwestern and
southeastern parts of the schist belt the correla-

Fig. 18. Matrix-supported boulder conglomerate of facies D.F., Horkanlampi Formation. The phenoclasts

are composed mainly of metapelites and dolomites with minor quartzite. The matrix is pelitic, carbonate-
bearing and often intensely recrystallized. Length of plate 15 cm.

tive rocks are very rare or altogether lacking (Er-
vamaa & Heino 1983, Havola l98l).

The Tahkoniemi Group has not been dated but
on the basis of analogy we can estimate the age
limits to be2200 Ma and 2550 Ma, that is, the same
as those of the Central Puolanka Group (Laajoki

Fig. 19. The contact between a phyllite bed and phyllite matrix-supported conglomerate of facies D.F., Hor-
kanlampi Formation. The phenoclasts are composed of quartzites, phyllite, black schist and acid gneisses.

Length of plate 15 cm.
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Fig. 18. Matrix-supported boulder conglomerate of facies D.F ., Horkanlampi Formation . The phenoclasts 
a re composed mainly of metapelites and dolomites with minor quartzite. The matrix is pelitic, carbonate
bearing and often intensely recrystallized . Length of plate 15 cm. 

We can correlate this group with the Central 
Puolanka Group in the northwestern part of the 
Kainuu Schist Belt (Laajoki 1986a), and at Kives
vaara in the western margin , a correlative section 
is visible (Heino 1983). In the southwestern and 
southeastern parts of the schist belt the correla-

tive rocks are very rare or altogether lacking (Er
vamaa & Heino 1983, Havola 1981). 

The Tahkoniemi Group has not been dated but 
on the basis of analogy we can estimate the age 
limits to be 2200 Ma and 2550 Ma, that is, the same 
as those of the Central Puolanka Group (Laajoki 

Fig. 19. The contact between a phyllite bed and phyllite matrix-supported conglomerate of facies D.F ., Hor
kanlampi Formation . The phenoclasts are composed of quartzites, phyllite, black schist and acid gneisses . 
Length of plate 15 cm. 
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1986a). As a whole, knowledge about this age
group is deficient (Huhma 1986, Kouvo and Til-
ton 1966, Simonen 1980).

The Melalahti Group probably overlies the Tah-
koniemi Group unconformably and contains three
formations. The lowest one (Pentinmäki Forma-
tion) is composed of arkosic and sericite-rich meta-
sediments showing only few primary features. The
middle one (Kivimäki Formation) comprises ma-
ture meta-arenites with features typical of open sea
shelf or tidal sediments overlain by dolomitic
metasediments and tuffites of the uppermost for-
mation (Horkankallio Formation).

Pure Jatuli-type quartzites are typical of almost
every Karelian section (Havola 1981, Laajoki 1973,
Pekkarinen 1979, Piirainen 1968) and, being epi-
continental or pericontinental sediments, they seem
to represent roughly the same evolutionary stage.

Dolomites and basic tuffites are less common
although they occur in some sections (Laajoki
1973, Pekkarinen 1979). In the study area the do-
lomites are clastic and show distinct stratification.
The occurrence of the tuffites with them indicates
rifting or an incipient rift stage. The age of this
volcanic-sedimentary unit seems to be about 2100
Ma.

The Matalasuo Group overlies the former un-
conformably. The magnitude of the hiatus varies

on account of vertical block movements at this
stage. In some places the group rests directly on
the Archaean basement, but usually the Melalah-
ti Group has been largely preserved.

The group has two formations. The lower one
(Hahtolanmäki Formation), composed mainly of
clast-supported conglomerates, is interpreted as a
fan-delta association. The upper one (Horkanlam-
pi Formation) is composed of turbiditic meta-
sediments of submarine fan origin.

The Group is correlative with Kalevian-type
metasediments of the Kainuu Schist Belt or with
Kaleva tectofacies in general (Laajoki, 1988). At
Sotkamo the metasediments of the Sotkamo
Group (Gehör & Havola, 1988) exhibit many
features correlative with those of this group. In
the other subareas the correlative rocks are seldom
well exposed.

The whole rock Pb-Pb age of an iron-formation
associated with the lower part of this group is 2080
Ma (Laajoki 1986b, Sakko & Laajoki 1975). The
ultramafic-mafic complexes interpreted as ophio-
lite systems of this cycle by Koistinen (1981) have
an age of 1970 Ma (Huhma 1986). The tectono-
stratigraphic evolution of the Kaleva tectofacies,
however, is still being discussed (Garil 1986, Gehör
& Havola 1988, Kontinen 1987, Laajoki 1986b,
Park et al. 1984).
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1986a). As a whole, knowledge about this age 
group is deficient (Huhma 1986, Kouvo and Til
ton 1966, Simonen 1980). 

The Melalahti Group probably overlies the Tah
koniemi Group unconformably and contains three 
formations. The lowest one (Pentinmäki Forma
tion) is composed of arkosic and sericite-rich meta
sediments showing only few primary features. The 
middle one (Kivimäki Formation) comprises ma
ture meta-arenites with features typical of open sea 
shelf or tidal sediments overlain by dolomitic 
metasediments and tuffites of the uppermost for
mation (Horkankallio Formation). 

Pure Jatuli-type quartzites are typical of almost 
every Karelian section (Havola 1981, Laajoki 1973, 
Pekkarinen 1979, Piirainen 1968) and, being epi
continental or pericontinental sediments, they seem 
to represent roughly the same evolutionary stage. 

Dolomites and basic tuffites are less common 
although they occur in some sections (Laajoki 
1973, Pekkarinen 1979). In the study area the do
lomites are c1astic and show distinct stratification. 
The occurrence of the tuffites with them indieates 
rifting or an incipient rift stage. The age of this 
volcanic-sedimentary unit seems to be about 2100 
Ma. 

The Matalasuo Group overlies the former un
conformably. The magnitude of the hiatus varies 

on account of vertical block movements at this 
stage . In some places the group rests directly on 
the Archaean basement, but usually the Melalah
ti Group has been largely preserved. 

The group has two formations. The lower one 
(Hahtolanmäki Formation), composed mainly of 
c1ast-supported conglomerates, is interpreted as a 
fan-delta association. The upper one (Horkanlam
pi Formation) is composed of turbiditie meta
sediments of submarine fan origin. 

The Group is correlative with Kalevian-type 
metasediments of the Kainuu Schist Belt or with 
Kaleva tectofacies in general (Laajoki, 1988). At 
Sotkamo the metasediments of the Sotkamo 
Group (Gehör & Havola, 1988) exhibit many 
features correlative with those of this group. In 
the other subareas the correlative rocks are seldom 
well exposed. 

The whole rock Pb-Pb age of an iron-formation 
associated with the lower part of this group is 2080 
Ma (Laajoki 1986b, Sakko & Laajoki 1975). The 
ultramafic-mafic complexes interpreted as ophio
lite systems of this cyc1e by Koistinen (1981) have 
an age of 1970 Ma (Huhma 1986). The tectono
stratigraphie evolution of the Kaleva tectofacies, 
however, is still being discussed (GacilI986, Gehör 
& Havola 1988, Kontinen 1987, Laajoki 1986b, 
Park et al. 1984). 
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A sequence of volcanic conglomerates, tuf-
faceous arenitic rocks and minor interstratified
pyroclastic layers and volcanic breccias is exposed
at Peurasuvanto, at the eastern margin of the Cen-
tral Lapland greenstone belt (Fig. 1). Taken as a
whole they are known as the Rookkiaapa Forma-
tion, but this is divided into two members: the Vol-
canic Conglomerate Member - the main subject
of this study - and the Tuffaceous Arenite
Member.

I 988

THE LATE ARCHAEAN VOI./CANICLASTIC ROOKKIAAPA
FORMATION IN PEURASUVANTO, NORTHERN FINLAND

by
Petri T. Peltonen, Tuomo Manninen and Pekka Pihlaia

Peltonen, Petri, T., Manninen, Tuomo & Pihlaja, Pekka, 1988. The late
Archaean volcaniclastic Rookkiaapa Formation in Peurasuvanto, northern
Finland. Geological Survey of Finland, Special Paper 5. 165-176,
8 figures.

The volcaniclastic Rookkiaapa Formation is situated at the eastern
margin of the Central Lapland greenstone belt. It surrounds the Archaean
Tojottamaselkä basement gneiss dome (3,100 Ma).

The rocks are mainly epiclastic conglomerates with phenoclasts of
andesitic lavas, tuffs and tuffites, various diabases, quartzites, acid vol-
canics and spinifex-textured komatiitic basalts. These are derived from
source rocks ofthe Archaean Tuntsa Supergroup. Gneissic clasts ofTTG
composition derived from the older basement are also present in abun-
dance. The Lapponian aluminous schists, ultramafic volcanics and the rocks
of Koitelainen layered gabbro intrusion (2,435 Ma), which occur exten-
sively in the region, do not exist as clasts. The matrix of the conglomer-
ates varies from intermediate tuff to volcaniclastic metasediments.

Sedimentation took place at the foot of an active volcanic domal struc-
ture. During fluvial processes the volcaniclastic debris was mixed with more
mature detritus from the craton. The deposits correspond to the medial
or distal facies association of the volcaniclastic fan. Interstratified tuff beds
and an acid volcanic breccia (2,526Ma) suggest syndepositional volcanism.
Later, the Volcanic Conglomerate Member was covered by the Tuffogenic
Arenite Member - maybe owing to unroofing of a gneissic body.
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INTRODUCTION

Since Erkki Mikkola (1941\ first described a
"peculiar slag-like rock with light-coloured frag-
ments near the former lodging house of Peurasu-
vanto", some authors have briefly commented on
the rocks of the Volcanic Conglomerate Member
(Puustinen 1977, Isomaal978, Kröner et al.l98l
and Manninen & Pihlaja, in press.).

In 1980 the Geological Survey of Finland started
regional mapping for map sheet 3723 Peura-
suvanto at a scale of I : 100,000. The bedrock is
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A sequence of volcanic conglomerates, tuf
faceous arenitic rocks and minor interstratified 
pyroclastic layers and volcanic breccias is exposed 
at Peurasuvanto, at the eastern margin of the Cen
tral Lapland greenstone belt (Fig. 1). Taken as a 
whole they are known as the Rookkiaapa Forma
tion, but this is divided into two members: the Vol
canic Conglomerate Member - the main subject 
of this study - and the Tuffaceous Arenite 
Member. 

Since Erkki Mikkola (1941) first described a 
"peculiar slag-like rock with light-coloured frag
ments near the former lodging house of Peurasu
vanto", some authors have briefly commented on 
the rocks of the Volcanic Conglomerate Member 
(Puustinen 1977, Isomaa 1978, Kröner et al. 1981 
and Manninen & Pihlaja, in press.). 

In 1980 the Geological Survey of Finland started 
regional mapping for map sheet 3723 Peura
suvanto at a scale of 1 : 100,000. The bedrock is 
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covered by a thick preglacial weathering crust and
the ground is swampy. Hence it was not until the
first outcrops of volcanic conglomerate were found
that interest was arosed and the area was submitted
to closer scrutiny.

The present study sought to determine the mode
of deposition of the Rookkiaapa Formation, to
describe in detail the matrix and pebble material
of the conglomerates, to unravel the nature of syn-
depositional volcanism and to establish the strati-
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graphic position of the formation. Despite the
shortage of outcrops methods of modern litho-
facies analysis (Miall 1977, 1978: Rust 1978) were
applied to the epiclastic rocks. For descriptive pur-

poses the sequence of the Volcanic Conglomerate
Member was subdivided into five lithofacies
groups.

REGIONAL GEOLOGY

Since Hackman (1927) divided the late Archaean
to early Proterozoic schists of the Central Lapland
greenstone belt into three stratigraphic units, their
content and the chronostratigraphic correlation of
the lithological units have frequently been modi-
fied (Sederholm 1932, Mikkola 1941, Paakkola
1971, Silvennoinen et al. 1980, Silvennoinen 1985

and Lehtonen et sl. 1985). Nowadays, the schists
overlying the Archaean basement gneisses are
divided into the late Archaean Tuntsa Supergroup,
the volcano-sedimentary succession of the Lap-
ponia Supergroup (late Archaean-early Protero-
zoic), and the early Proterozoic Karelia Super-
group. These are overlain by minor sediments of
the Svecofennia and Jotnia Supergroups.

In the Peurasuvanto area, a northeast-trending
volcano-sedimentary rock succession of the Tuntsa
and Lapponia Supergroups rests unconformably
on the Archaean gneisses of the Saamian craton.
Lithologically, the area forms a triple junction, at
which the rocks of the Central Lapland greenstone

belt and the supracrustal rocks bordering the
granulite arc in the north all join each other.

The Tojottamaselkä basement gneiss dome in
the southeast corner of the Peurasuvanto map
sheet (Fig. l) has yielded an U-Pb age of 3,1l0 Ma
(Kröner et al. l98l). The rocks of this dome are
trondhjemitic or mica gneisses. The latter were pre-
viously considered to be a palaeosomic component
of the dome (Isomaa 1978), but no evidence sup-
porting this concept has been found. Intense
granitization changed the composition of the
gneisses towards potassium-rich varieties during
Archaean time (Peltonen 1986).

The metavolcanic rocks of the Peurasuvanto
area are divided into metavolcanic units l and II,

separated by the Lower Lapponi metasedimentary
rocks. Metavolcanic unit 1, which belongs to the
Archaean Tuntsa Supergroup, consist mainly of
mafic and intermediate lavas with minor ultra-
mafic and felsic interlayers. Material from this unit
deposited as the volcaniclastic Rookkiaapa For-
mation, which represents the uppermost unit of
the Tuntsa Supergroup in the region. The Lower
Lapponi metasediments overlie, possibly uncon-
formably, the lower metavolcanic sequence, form-
ing piles of arkose quartzites, aluminous schists
and black schists of various thickness. Metavol-
canic unit ll consists entirely of ultramafic rocks
of komatiitic affinity, representing rocks of the
Upper Lapponi Group.

The Koitelainen layered gabbro intrusion, which
is folded into a skullcap-like anticline, extends to
the southeastern corner of the Peurasuvanto map
sheet. The Tojottamaselkä gneiss dome and the
Rookkiaapa Formation have been exposed by ero-
sion from beneath the gabbros. Distinct intrusive
contacts between layered intrusion and supra-
crustal rocks have not been found. Stratigraphic
evidence indicates, however, that metavolcanic
unit II is younger than the Koitelainen complex,
dated about 2,435 Ma (Puustinen 1977), i.e. it is
early Proterozoic in age. The Peurasuvanto vol-
canic conglomerate is intruded by a2,125 Ma old
gabbro.

Most of the metavolcanic rocks of the area are
metamorphosed into greenshist facies, although
lower amphibolite facies prevails locally near the
contacts of basement gneiss domes and in the Lohi-
sarriot area. The rocks of metavolcanic unit thave
generally undergone retrograde metamorphism.

THE ROOKKIAAPA FORMATION

Yolcanic Conglomerate Member

According to Fisher (1958), volcanic conglomer-
ates are volcaniclastic sedimentary rocks composed

of fragments more than 2 mm in diameter and
rounded by epiclastic processes. All transitions
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applied to the epiclastic rocks. For descriptive pur-

poses the sequence of the Vo1canic Conglomerate 
Member was subdivided into five lithofacies 
groups. 

REGIONAL GEOLOGY 

Since Hackman (1927) divided the late Archaean 
to early Proterozoie schists of the Central Lapland 
greenstone belt into three stratigraphie units, their 
content and the chronostratigraphie correlation of 
the lithologie al units have frequently been modi
fied (Sederholm 1932, Mikkola 1941, Paakkola 
1971, Silvennoinen et al. 1980, Silvennoinen 1985 
and Lehtonen et al. 1985). Nowadays, the schists 
overlying the Archaean basement gneisses are 
divided into the late Archaean Tuntsa Supergroup, 
the vo1cano-sedimentary succession of the Lap
ponia Supergroup (late Archaean-early Protero
zoie), and the early Proterozoie Karelia Super
group. These are overlain by minor sediments of 
the Svecofennia and Jotnia Supergroups. 

In the Peurasuvanto area, a northeast-trending 
vo1cano-sedimentary rock succession of the Tuntsa 
and Lapponia Supergroups rests unconformably 
on the Archaean gneis ses of the Saamian craton. 
Lithologically, the area forms a tripie junction, at 
which the rocks of the Central Lapland greenstone 
belt and the supracrustal rocks bordering the 
granulite are in the north all join each other. 

The Tojottamaselkä basement gneiss dome in 
the southeast corner of the Peurasuvanto map 
sheet (Fig. 1) has yielded an U-Pb age of 3, 110 Ma 
(Krön er et al. 1981). The rocks of this dome are 
trondhjemitic or miea gneisses. The latter were pre
viously considered to be a palaeosomic component 
of the dome (Isomaa 1978), but no evidence sup
porting this concept has been found. Intense 
granitization changed the composition of the 
gneisses towards potassium-rieh varieties during 
Archaean time (Peltonen 1986). 

The metavo1canic rocks of the Peurasuvanto 
area are divided into metavo1canic units land II, 

separated by the Lower Lapponi metasedimentary 
rocks. Metavo1canic unit I, which belongs to the 
Archaean Tuntsa Supergroup, consist mainly of 
mafic and intermediate lavas with minor ultra
mafie and felsic interlayers. Material from this unit 
deposited as the vo1caniclastic Rookkiaapa For
mation, which represents the uppermost unit of 
the Tuntsa Supergroup in the region . The Lower 
Lapponi metasediments overlie, possibly uncon
formably, the lower metavo1canie sequence, form
ing piles of arkose quartzites, aluminous schists 
and black schists of various thiekness. Metavol
canie unit II consists entirely of ultramafic rocks 
of komatiitie affinity, representing rocks of the 
Upper Lapponi Group. 

The Koitelainen layered gabbro intrusion, which 
is folded into a skullcap-like anticline, extends to 
the southeastern corner of the Peurasuvanto map 
sheet. The Tojottamaselkä gneiss dome and the 
Rookkiaapa Formation have been exposed by ero
sion from beneath the gabbros. Distinct intrusive 
contacts between layered intrusion and supra
crustal rocks have not been found . Stratigraphie 
evidence indicates, however, that metavo1canic 
unit 11 is younger than the Koitelainen complex, 
dated about 2,435 Ma (Puustinen 1977), i.e . it is 
early Proterozoic in age. The Peurasuvanto vol
canie conglomerate is intruded by a 2,125 Ma old 
gabbro. 

Most of the metavo1canie rocks of the area are 
metamorphosed into greenshist facies, although 
lower amphibolite facies prevails locally near the 
contacts of basement gneiss domes and in the Lohi
sarriot area. The rocks of metavo1canie unit I have 
generally und ergo ne retrograde metamorphism. 

THE ROOKKIAAP A FORMATION 

Volcanic Conglomerate Member 

According to Fisher (1958), vo1canie conglomer
ates are vo1caniclastie sedimentary rocks composed 

of fragments more than 2 mm in diameter and 
rounded by epiclastic processes. All transitions 
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Fig. 2. Typical outcrop of volcanic conglomerate. Cobble-size phenoclasts are andesitic amygdaloidal lavas, tuffs and tuffites, gneisses,
quartzites and diabases. The Volcanic Conglomerate Member, Pitkännuottionpulju, Pcurasuvanto. Photograph by P.T. Peltonen.
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Fig. 3. Interbedded laminar volcaniclastic sandstone (Sl) and tuffite with a few lapilli (Ts) in the Volcanic Conglomerate Member, Tojotta-
maselkä, Peurasuvanto. Photograph by P.T. Peltonen.
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Fig. 2. Typical outcrop of volcanic conglomerare. Cobble-size phenoclasts are andesitic amygdaloidal lavas, tuffs and tuffires, gneisses, 
quartzites and diabases. The Volcanic Conglomerate Member, Pitkännuottionpulju, Peurasuvanto. Photograph by P.T. Peltonen. 

Fig.3. Interbedded laminar volcaniclastic sandstone (SI) and tuffite wirh a few lapilli (Ts) in the Volcanic Conglomerate Member, Tojotta
mase lkä, Peurasuvanto. Photograph by P.T . Peltonen. 
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between highly viscous mudflows and normal
stream transportation, and thus between laharic
breccias and water-laid volcanic conglomerates,
are known (Fisher 1960, Visser & Grobler 1985).
The clasts of the Peurasuvanto volcanic conglom-
erate, which covers an area of some l0 kmr, are
better sorted and rounded than are those in vol-
canic breccias or lahar-type deposits. This con-
glomerate is also more clearly bedded and poly-
mictic.

Because only few outcrops are known, it was
not possible to perform a detailed sedimentologi-
cal facies analysis, and in the following only the
best studied lithofacies are briefly described. For
the interpretation see the chapter "Sedimentary
model".

(l) The most common lithofacies is a clast-
supported conglomerate (Gm) that is clearly poly-
mictic (Fig. 2). The conglomerate always contains
more than 60 per cent volcanic clasts, which are
predominantly intermediate lavas, tuffs and tuf-
fites or komatiitic basalts. Clasts of gneiss, diabase
and quartzite are also common. The lthofacies of
matrix-supported conglomerate (Gms) is rare.
Sometimes intense deformation and the similar-
ity in the composition of the matrix and the vol-
canic clasts make it difficult to distinguish between
the matrix and the clasts. However, in the Kivi-
järvi region (see Fig. l), a minor occurrence of
monomictic and matrix-supported volcanic con-
glomerate has been established. Its clasts are
granitic gneisses, some of which are boulder size

megaclasts. Near the volcanic breccia there is a thin
horizon of monomictic matrix-supported conglom-
erate. It has been interpreted as a very local deposit
(e.g. talus), with its material deriving from the vol-
canic breccia.

(2) The conglomerate is intercalated with lami-
nar (S/) and massive (Sm) beds of volcaniclastic
sandstone, similar to the matrix in composition.
The beds are from 5 to25 cm thick and have sharp
contacts with the conglomerate beds (Fig. 3). Their
petrography is described in the chapter "The ma-
trix of the volcanic conglomerate"

(3) Some thinly laminated and graded chert-like
beds (^F/) composed of granoblastic quartz and
scapolite have also been met within the conglom-
erate.

(4) There are also interstratified fine grained
tuff and tuffite beds (i"s, 7r). According to Petti-
john (1975), "Some thinly laminated, fine-grained
ash beds containing layered infallen stones or
blocks closely resemble glacial pelites with drop-
stones. " However, a glacigenic origin is excluded
for the conglomerate under discussion because the
matrix-supported lithofacies is almost totally ab-
sent, the sorting is more advanced and it is close-
ly related to volcanic activity (e.g. interstratified
volcanic breccia).

(5) The volcanic conglomerate also has an in-
terbed of a volcanic breccia (Bm) composed pri-
marily of intensely deformed lithic material rang-
ing from small lapilli to angular or subangular
fragments up to 15 cm in size (Fig. a). About 80 9o

Fig. 4. Fragments of quartz porphyry (white) and pebbles of intermediate volcanics (grey) in the volcanic
brecciaofdebris flow origin. Sadinoja, Peurasuvanto. Photograph by P.T. Peltonen.

t69

Geological Survey of Finland, Special Paper 5 
The late Archaean volcaniclastic Rookkiaapa Formation in Peurasuvanto, northern Finland 

between highly viscous mudflows and normal 
stream transportation, and thus between laharic 
breccias and water-Iaid volcanic conglomerates, 
are known (Fisher 1960, Visser & Grobler 1985). 
The elasts of the Peurasuvanto volcanic conglom
erate, which covers an area of some 10 km\ are 
better sorted and rounded than are those in vol
canic breccias or lahar-type deposits. This con
glomerate is also more elearly bedded and poly
mictic. 

Because only few outcrops are known, it was 
not possible to perform a detailed sedimentologi
cal facies analysis, and in the following only the 
best studied lithofacies are briefly described. For 
the interpretation see the chapter "Sedimentary 
model". 

(1) The most common lithofacies is a clast
supported conglomerate (Gm) that is elearly poly
mictic (Fig. 2). The conglomerate always contains 
more than 60 per cent volcanic elasts, which are 
predominantly intermediate lavas, tuffs and tuf
fites or komatiitic basalts. Clasts of gneiss, diabase 
and quartzite are also common. The uthofacies of 
matrix-supported conglomerate (Gms) is rare. 
Sometimes intense deformation and the similar
ity in the composition of the matrix and the vol
canic elasts make it difficult to distinguish between 
the matrix and the elasts. However, in the Kivi
järvi region (see Fig. 1), a minor occurrence of 
monomictic and matrix-supported volcanic con
glomerate has been established. Its elasts are 
granitic gneisses, some of which are boulder size 

megaelasts . Near the volcanic breccia there is a thin 
horizon of monomictic matrix-supported conglom
erate. It has been interpreted as a very local deposit 
(e.g. talus), with its material deriving from the vol
canic breccia. 

(2) The conglomerate is intercalated with lami
nar (SI) and massive (Sm) beds of volcanielastic 
sandstone, similar to the matrix in composition. 
The beds are from 5 to 25 cm thick and have sharp 
contacts with the conglomerate beds (Fig. 3). Their 
petrography is described in the chapter "The ma
trix oi the volcanic conglomerate" 

(3) Some thinly laminated and graded chert-like 
beds (FI) composed of granoblastic quartz and 
scapolite have also been met within the conglom
erate. 

(4) There are also interstratified fine grained 
tuff and tuffite beds (Ts, Tr). According to Petti
john (1975), "Some thinly laminated, fine-grained 
ash beds containing layered infallen stones or 
blocks closely resemble glacial pelites with drop
stones." However, a glacigenic origin is exeluded 
for the conglomerate under discussion because the 
matrix-supported lithofacies is almost totally ab
sent, the sorting is more advanced and it is elose
ly related to volcanic activity (e.g. interstratified 
volcanic breccia). 

(5) The volcanic conglomerate also has an in
terbed of a volcanic breccia (Bm) composed pri
marily of intensely deformed lithic material rang
ing from small lapilli to angular or sub angular 
fragments up to 15 cm in size (Fig. 4). About 80 070 

Fig. 4. Fragments of quartz porphyry (white) and pebbles of intermediate volcanics (grey) in the volcanic 
breccia of debris f10w origin. Sadinoja, Peurasuvanto. Photograph by P.T . Peltonen . 
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of the fragments are poorly sorted quartz porphyry
with an U-Pb age of 2,526 Ma (O. Kouvo, pers.
comm). This age of syndepositional volcanism is
also the average age of sedimentation of the Rook-

kiaapa Formation. The rest of the clasts are more
rounded and they are of the same lithologies as

those in the epiclastic beds of the member.

Tuffogenic Arenite Member

Arenaceous rocks abound in the Rookkiaapa dominates. The clasts (@ : 0.1-1.5 mm) vary
region. On the basis of appearance and composi- from subangular to rounded, depending on the
tion they have been divided into dark grey, grey degree of maturity.
and reddish types. Arenites are thinly bedded, TL _ .

laminated (sr) and casually cross-bedded;;;;: - ll.^l:9oish arenites are less mature than the

slve (Jrn). grey ones. They are composed of fine grained

The dark grey arenites are uncommon and g:i|lY:'tc matrix and subangular grains of feld-

locally they coutd be called para-amphib.ii;r. i;: :!iL":9 t]thic frasments'02-2'0 mm in size' and

.: ^;.^ :_^ vary from feldspathic arenites to plagioclase
lense recrvstalllzallon ls common anq tne rocKs are
^:::^-j-":;'-::::-'" ;::-;,:;^-'-;-;-l; --- arenites in composition.composed of green hornblende, plagioclase,
qvartz, biotite, sphene and scapolite. Discrete, Figure 5 is a schematic column of the Tojotta-
eroded and altered plagioclase crystals with blas- maselkä region. The basement gneiss dome and
toclastic features are rare. Lithic fragments are of arkosic qluartzite constitute the lowest units. The
TTG composition. conglomerate is mainly clast-supported, and the

The grey arenites are widespread troughout the lithofacies association fits the Scott modef which
area. They display moderate sorting and are feld- is interpreted as a proximal braided stream and
spathic arenites or sometimes more mature quartz- alluvial fan deposit (Miall 1977, 1978). The con-
ose arenites (classification from Okada l97l). The glomerate is followed by arenitic rocks with tuf-
texture is blastoclastic and sometimes the matrix fitic affinity and a greenstone.

PHENOCLASTS OF THE VOLCANIC CONGLOMERATE

Metavolcanic clasts

The metavolcanic clasts are andesitic lavas, tuffs
and tuffites or komatiitic basalts, with some felsic
clasts weathered from dacitic breccia.

The komatiitic basalt clasts are subangular peb-
bles or cobbles. In outcrops they are distinguished
from the other metavolcanic clasts by their black
colour. Texturally they are blastoporphyritic and
they sometimes exhibit well preserved spinifex tex-
ture. In the pebbles the scapolite and albite form
pseudomorphs after plagioclase phenocrysts in a
granoblastic groundmass of amphibole, plagio-
clase (Anro), epidote, mica, sphene and magne-
tite. In some clasts, 5 to l5 mm long and0.2-0.4
mm wide, skelets of green amphibole exhibit
spinifex texture.

The andesitic lavas, tuffs and tuffites are the
most abundant clasts. They vary from granule to
boulder in size and are slightly more rounded than
the clasts of the komatiitic basalts. Beddins and

t70

blastoporphyritic texture are only sporadically
visible, but amygdaloidal texture is common and
well-preserved (Fig. 6). Amygdules, ranging from
1.5 to 15 mm in diameter, are mostly filled with
qtartz and albite. Epidote, mafic minerals and
oxides occupy their centres, and zonal texture is
clear. The texture of the rock between the amyg-
dules is blastoglomeroporphyritic.

Clasts derived from the volcanic breccia are
'clearly blastoporphyritic and indistinctly flow tex-
tured (Fig. 7). In mineralogical composition the
fragments are dacitic. Subhedral to euhedral phe-
nocrysts of plagioclase (An,r) range from 0.5 to
1.5 mm in size and are often pseudomorphosed
by scapolite and albite. Together with equal sized
(0.4-0.6 mm) quartz phenocrysts they account for
up to 30 9o of the rock. The groundmass consists
of a granoblastic and fine grained mixture of
q\artz, plagioclase, biotite and scapolite with
minor sphene and epidote.
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of the fragments are poorly sorted quartz porphyry 
with an U-Pb age of 2,526 Ma (0. Kouvo, pers. 
comm). This age of syndepositional volcanism is 
also the average age of sedimentation of the Rook-

kiaapa Formation. The rest of the elasts are more 
rounded and they are of the same lithologies as 
those in the epielastic beds of the member. 

Tuffogenic Arenite Member 

Arenaceous rocks abound in the Rookkiaapa 
region. On the basis of appearance and composi
tion they have been divided into dark grey, grey 
and reddish types. Arenites are thinly bedded, 
laminated (S!) and casually cross-bedded or mas
sive (Sm). 

The dark grey arenites are uncommon and 
locally they could be called para-amphibolites. In
tense recrystallization is common and the rocks are 
composed of green hornblende, plagioelase, 
quartz, biotite, sphene and scapolite. Discrete, 
eroded and alte red plagioelase crystals with blas
toelastic features are rare. Lithic fragments are of 
TTG composition. 

The grey arenites are widespread troughout the 
area. They display moderate sorting and are feld
spathic arenites or sometimes more mature quartz
ose arenites (elassification from Okada 1971). The 
texture is blastoelastic and sometimes the matrix 

dominates. The elasts (0 = 0.1-1.5 mm) vary 
from subangular to rounded, depending on the 
degree of maturity. 

The reddish arenites are less mature than the 
grey ones. They are composed of fine grained 
granoblastic matrix and sub angular grains of feld
spar and lithic fragments, 0.2-2.0 mm in size, and 
vary from feldspathic arenites to plagioelase 
arenites in composition. 

Figure 5 is a schematic column of the Tojotta
maselkä region . The basement gneiss dome and 
arkosic quartzite constitute the lowest units. The 
conglomerate is mainly elast-supported, and the 
lithofacies association fits the Scott model, which 
is interpreted as a proximal braided stream and 
alluvial fan deposit (Miall 1977, 1978). The con
glomerate is followed by arenitic rocks with tuf
fitic affinity and a greenstone. 

PHENOCLASTS OF THE VOLCANIC CONGLOMERATE 

Metavolcanic elasts 

The metavolcanic elasts are andesitic lavas, tuffs 
and tuffites or komatiitic basalts, with some felsic 
elasts weathered from dacitic breccia. 

The komatiitic basalt elasts are subangular peb
bl es or cobbles . In outcrops they are distinguished 
from the other metavolcanic elasts by their black 
colour. Texturally they are blastoporphyritic and 
they sometimes exhibit wen preserved spinifex tex
ture . In the pebbles the scapolite and albite form 
pseudomorphs after plagioelase phenocrysts in a 
granoblastic groundmass of amphibole, plagio
elase (An30), epidote, mica, sphene and magne
tite. In some elasts, 5 to 15 mm long and 0.2-0.4 
mm wide, skelets of green amphibole exhibit 
spinifex texture. 

The andesitic lavas, tuffs and tuffites are the 
most abundant elasts. They vary from granule to 
boulder in size and are slightly more rounded than 
the elasts of the komatiitic basalts. Bedding and 

170 

blastoporphyritic texture are only sporadically 
visible, but amygdaloidal texture is common and 
well-preserved (Fig. 6) . Amygdules, ranging from 
1. 5 to 15 mm in diameter, are mostly filled with 
quartz and albite. Epidote, mafic minerals and 
oxides occupy their centres, and zonal texture is 
elear. The texture of the rock between the amyg
dules is blastoglomeroporphyritic. 

Clasts derived from the volcanic breccia are 
'elearly blastoporphyritic and indistinctly flow tex
tured (Fig. 7). In mineralogical composition the 
fragments are dacitic. Subhedral to euhedral phe
nocrysts of plagioelase (An 13) range from 0.5 to 
1.5 mm in size and are often pseudomorphosed 
by scapolite and albite . Together with equal sized 
(0.4-0.6 mm) quartz phenocrysts they account for 
up to 30 070 of the rock. The groundmass consists 
of a granoblastic and fine grained mixture of 
quartz, plagioelase, biotite and scapolite with 
minor sphene and epidote. 
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TOJOTTAMASELKA

Greenstone

Tuffaceous arenites

Gm
Gms (monomictic)

Volcanic breccia Bm

Gm
FI

Gm

Sm

Volcanic sandstone Sl, Sm

sl

Tuff, tuffite, reworked tuff
Ts, Tr

Gm

Gm

Gm

Quartzite

Toiottamaselkä basement

Fig. 5. Schematic geological column of
the rock succession in the Tojottamasel-
kä region. The Rookkiaapa Formation
is between the quartzite and the green-
stone.

Metadiabase clasts

Metadiabase clasts are easily identified in out- (An,r) are intensely silicified. Locally the process

crops owing to their characteristic blasto-ophitic has been selective, only every other twinning la-
texture. The 2-3 mm long laths of plagioclase mella having silicified and the others having
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Fig.5. Schematic geological column of 
the rock succession in the Tojottamasel
kä region. The Rookkiaapa Formation 
is between the quartzite and the green
stone . 
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Metadiabase elasts are easily identified in out
crops owing to their characteristic blasto-ophitic 
texture. The 2-3 rnrn long laths of plagioelase 

(An I5) are intensely silicified . Locally the process 
has been selective, only every other twinning la
rnella having silicified and the others having 
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remained unchanged. Hornblende forms large
poikiloblasts up to one centimetre in size. Chemi-
cally these rocks resemble the more mafic group

of intermediate volcanic clasts and have been inter-
preted as their hypabyssal equivalents (Peltonen
1986).

Gneissic clasts

According to their mineralogical composition,
the gneissic clasts are divided into two groups
that of TTG composition (tonalite-trondhjemite-
granodiorite) and that of granitic. They are better
rounded and sorted than the volcanic clasts.

In texture they are strongly cataclastic. Large
feldspar phenocrysts, l-4 mm in size, "float" in
a granoblastic mixture of quartz and plagioclase
with minor amphibole, epidote, biotite, chlorite
and various accessories. There is a wide variety of
alteration products of plagioclase. Scapolite,
epidote-group minerals and prehnite have formed
from its Ca component. Graphic texture formed

by exsolution of orthoclase and tiny dots of quartz
is common. Twin lamellae are locally bent and
faulted. The foliation is defined by elongated and
recrystallized quartz grains anastomosing around
more resistant aggregates of feldspars.

Excluding the voluminous exsolution of ortho-
clase, alkali feldspar is sparse in the gneisses of
TTG composition. However, in granitic gneisses,
microcline, characterized by diverse forms of ex-
solved albite, is common. Besides occurring as
mylonitized aggregates, such as plagioclase, it has
sometimes grown into poikiloblastic grains up to
I cm in size.

Sedimentary clasts

A heterogeneous group of yellowish and reddish
quartzite clasts has been recognized in outcrops.
They are well-rounded pebbles and cobbles, and
vary in composition from orthoquartzitic to

arkosic. Some pebbles have small greenish skarn
inclusions. Recrystallization was intense, and relics
of detrital grains can be seen.

THE MATRIX OF THE VOLCANIC CONGLOMERATE

The matrix is greyish-green, fine grained and
quite homogeneous volcaniclastic material. It is
composed of amphibole, qüartz, plagioclase,
epidote group minerals, chlorite and scapolite. The
grain size distribution is bimodal and hence there
is a coarse sandy fraction of equidimensional
quartz fragments in the very fine-grained (<0,1
mm) background of mafic minerals. Since amyg-
daloidal lavas were abundant in the palaeoenvi-
ronment, some of these quartz grains might have
been derived from weathered quartz-filled amyg-
dules. Only very few large and intensely altered
feldspar grains exist.

More detailed study of the matrix (Peltonen
1986) shows that its chemical composition differs
from that of ordinary greywackes and tillites,
which are richer in aluminium and alkalies. The
matrix resembles the intermediate volcanic clasts.
but the proportion of magnesium is higher in the
matrix. Also the content of nickel indicates a
source rock resembling komatiitic basalt clasts. On
the other hand, the gneisses seem to have had only
slight influence on the matrix composition. The
increase in the CaO value by 2 per cent is attrib-
uted to diagenetic precipitation of carbonate.

SEDIMENTARY MODEL

Lithofacies Interpretation

According to
marine volcanic
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Vessel and Davies (1981) non-
sediments display a progressive

change in character with increasing distance from
the volcanic centres, and four facies associations
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remained unchanged. Hornblende forms large 
poikiloblasts up to one centimetre in size. Chemi
cally these rocks resemble the more mafic group 

of intermediate volcanic elasts and have been inter
preted as their hypabyssal equivalents (Peltonen 
1986). 

Gneissie elasts 

According to their mineralogical composition, 
the gneissic elasts are divided into two groups 
that of TTG composition (tonalite-trondhjemite
granodiorite) and that of granitic. They are better 
rounded and sorted than the volcanic elasts. 

In texture they are strongly cataelastic. Large 
feldspar phenocrysts, 1-4 mm in size, "float" in 
a granoblastic mixture of quartz and plagioelase 
with minor amphibole, epidote, biotite, chlorite 
and various accessories. There is a wide variety of 
alteration products of plagioelase. Scapolite, 
epidote-group minerals and prehnite have formed 
from its Ca component. Graphic texture formed 

by exsolution of orthoelase and tiny dots of quartz 
is common. Twin lamellae are locally bent and 
faulted. The foliation is defined by elongated and 
recrystallized quartz grains anastomosing around 
more resistant aggregates of feldspars. 

Exeluding the voluminous exsolution of ortho
elase, alkali feldspar is sparse in the gneisses of 
TTG composition. However, in granitic gneisses, 
microeline, characterized by diverse forms of ex
solved albite, is common. Besides occurring as 
mylonitized aggregates, such as plagioelase, it has 
sometimes grown into poikiloblastic grains up to 
1 cm in size. 

Sedimentary elasts 

A heterogeneous group of yellowish and reddish 
quartzite elasts has been recognized in outcrops. 
They are well-rounded pebbles and cobbles, and 
vary in composition from orthoquartzitic to 

arkosic. Some pebbles have small greenish skarn 
inelusions. Recrystallization was intense, and relics 
of detrital grains can be seen. 

TUE MATRIX OF TUE VOLCANIC CONGLOMERATE 

The matrix is greyish-green, fine grained and 
quite homogeneous volcaniclastic material. lt is 
composed of amphibole, quartz, plagioclase, 
epidote group minerals, chlorite and scapolite. The 
grain size distribution is bimodal and hence there 
is a coarse sandy fraction of equidimensional 
quartz fragments in the very fine-grained « 0, 1 
mm) background of mafic minerals. Since amyg
daloidal lavas were abundant in the palaeoenvi
ronment, some of these quartz grains might have 
been derived from weathered quartz-filled amyg
dules . Only very few large and intensely altered 
felds par grains exist. 

More detailed study of the matrix (Peltonen 
1986) shows that its chemical composition differs 
from that of ordinary greywackes and tillites, 
which are richer in aluminium and alkalies. The 
matrix resembles the intermediate volcanic elasts, 
but the proportion of magnesium is higher in the 
matrix. Also the content of nickel indicates a 
source rock resembling komatiitic basalt elasts. On 
the other hand, the gneis ses seem to have had only 
slight influence on the matrix composition. The 
increase in the CaO value by 2 per cent is attrib
uted to diagenetic precipitation of carbonate. 

SEDIMENT ARY MODEL 

Lithofacies Interpretation 

According to Vessel and Davies (1981) non
marine volcanic sediments display a progressive 
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change in character with increasing distance from 
the volcanic centres, and four facies associations 
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Fig. 6. Photomicrograph of the zonal amygdaloidal texture common in andesitic volcanic phenoclasts. Mafic
minerals are concentrated in the centre of amygdules. Scale is 5 mm, + nicols. The Volcanic Conglomerate
Member, Pitkännuottionpulju, Peurasuvanto. Photograph by P.T. Peltonen.

may be recognised (Fig. 8). "Boundaries between
adjacent facies associations are not distinct, and
one grades laterally into the next. Distinction
between facies associations is based upon 1) lithol-
ogy,2) grain size, 3) sedimentary structures and
textures, and 4) genesis." The same division has
also been applied to late Archaean deposits (Vis-
ser & Grobler 1985).

(a) Gm facies is widely interpreted as being de-
posited as longitudinal bars or lags in a braided
stream system (Miall 1977, 1978; Rust 1978).
However, the beds of the Peurasuvanto volcanic
conglomerate are flat, which is more consistent
with the deposits of an alluvial fan or alluvial plain
than with the linear depostis of braided rivers. The
shortage of channelling and cross-bedding struc-

Fig. 7. Photomicrograph of a quartz porphyry fragment from
and plagioclase, the latter being pseudomorphosed by scapolite
Peurasuvanto. Photograph by P.T. Peltonen.

the volcanic breccia. Phenocrysts are quartz
+ albite. Scale is 5 mm, + nicols. Sadinoja,
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between facies associations is based upon 1) lithol
ogy, 2) grain size, 3) sedimentary structures and 
textur es , and 4) genesis." The same division has 
also been applied to late Archaean deposits (Vis
ser & Grobler 1985) . 

(a) Gm facies is widely interpreted as being de
posited as longitudinal bars or lags in a braided 
stream system (Miall 1977, 1978; Rust 1978). 
However, the beds of the Peurasuvanto volcanic 
conglomerate are flat, which is more consistent 
with the deposits of an alluvial fan or alluvial plain 
than with the linear depostis of braided rivers. The 
shortage of channelling and cross-bedding struc-

Fig . 7. Photomierograph of a quartz porphyry fragment from the volcanic breccia. Phenocrysts are quartz 
and plagioclase, the latter being pseudomorphosed by scapolite + albite. Seale is 5 mm, + nicols. Sadinoja, 
Peurasuvanto. Photograph by P .T . PellOnen. 
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tures indicates that the Gm facies was probably
deposited by debris flows from which the fine
grained material had been flushed out. However,
according to Rust (1978), the low ratio of water
depth to the mean particle diameter suppresses the
development of slip faces and the generation of
cross-strata. The Gms facies is infrequent in the
Volcanic Conglomerate Member. The material was
deposited by heavy floods. At that time the stream
power was high enough to transport megaclasts
up to one metre in size. The debris flow origin is
excluded because the material is moderately sorted.

(b) In accordance with Miall (1978) and Rust
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Fig. 8. Cross-section of the volcanic facies from the core
to the sea. Modified from Vessel & Davies (l981). A-a and
B-b represent the proposed palaeoenvironments of the
stratigraphic columns of the Rookkiaapa Formation.

(1978), the S/ facies is interpreted as having been
deposited by a shallow, high velocity flow or
planar bed flow during abating floods. Sla depo-
sited abruptly from reworked sandy deposits.

(c) Since laminae of the.F/ facies are non-clastic
and highly siliceous, they are thought to represent
impure chemical sediments precipitated in the
region of volcanic activity.

(d) The Bm facies (the volcanic breccia) does
not exactly resemble a glowing avalanche flow
deposit because of its heterolithic clast composi-
tion. The model favoured is one in which a se-
quence of pyroclastic breccia and possibly airfall
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tures indicates that the Gm fades was probably 
deposited by debris flows from which the fine 
grained material had been flushed out. However, 
according to Rust (1978), the low ratio of water 
depth to the mean partiele diameter suppresses the 
development of slip faces and the generation of 
cross-strata . The Gms fades is in frequent in the 
Volcanic Conglomerate Member. The material was 
deposited by heavy floods. At that time the stream 
power was high enough to transport megaelasts 
up to one metre in size. The debris flow origin is 
exeluded because the material is moderately sorted. 

(b) In accordance with MiaU (1978) and Rust 
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(1978), the SI fades is interpreted as having been 
deposited by a shallow, high velo city flow or 
planar bed flow during abating floods. Sm depo
sited abruptly from reworked sandy deposits. 

(c) Since laminae of the PI fades are non-elastic 
and highly siliceous, they are thought to represent 
impure chemical sediments precipitated in the 
region of volcanic activity. 

(d) The Bm facies (the volcanic breccia) does 
not exactly resemble a glowing avalanche flow 
deposit because of its heterolithic elast composi
tion. The model favoured is one in which a se
quence of pyroelastic brecda and possibly airfall 
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tuff became oversaturated and unstable during
heavy rains and flowed downslope to give a laharic
deposit. (e.g. Visser & Grobler 1985). Debris flows
characterize the medial volcaniclastic facies, but
only seldom do they reach the zone of proximal

braided rivers. Descriptions of syndepositional vol-
canism in the environment of braided rivers are
found, e.g. in Vondra and Burggraf (1978), El-
liot and Cracarin (1983) and Visser and Grobler
(1e85).

Synthesis

Sedimentation took place on the flanks of an
active volcanic structure owing to rapid denuda-
tion of nearby volcanoes (Fig. 8). First, the debris
flows and, later, the braided rivers reworked the
pyroclastic deposits and the volcanic gravels.
Fluvial processes produced a volcaniclastic fan.
During transportation the volcanic debris soon
mixed with more mature material derived from the

terrain of the Saamian craton, and polymictic
gravels were formed. The facies association is con-
sistent with a transition zone between medial and
distal volcaniclastic facies associations. Interstra-
tified tuff beds and volcanic breccia suggest syn-
depositional volcanism. Later, the conglomerate
was covered by the Tuffaceous Arenite Member,
maybe as a result of unroofing of a gneissic body.

STRATIGRAPHIC

In an effort to establish the source rocks and
stratigraphic position of the conglomerate, the
clasts have been compared with the formations of
the Peurasuvanto region (Peltonen 1986). The vol-
canic clasts differ from the Lapponian peridotitic
komatiites, which occur extensively in the region
(Fig. 1), but they resemble the metavolcanics of
the Kurittukoski and Lohisarriot areas, which are
interpreted as representing the volcanics of the
Tuntsa Supergroup. These are older than the Cen-
tral Lapland greenstone belt and seem to exist only
as sparse relics in that region. Other examples of
these volcanics are the amygdaloidal lavas of the
Kaukonen area in western Lapland (Rastas 1980)

and the komatiitic and tholeiitic metavolcanics of
the Möykkelmä area, about l5 km south of Peu-
rasuvanto (Tyrväinen 1983, Räsänen et sl. in
press.). Spinifex-textured rocks discovered as

phenoclasts of the conglomerate, are not known
in the Peurasuvanto area.

The diabase clasts were interpreted as hypabys-
sal equivalents of the intermediate volcanic clasts.
Abundant diabases, which occur outside the Peu-
rasuvanto greenstone basin, 5 km west of Kurit-

INTERPRETATION

tukoski (not shown
their counterparts.

in the map), may represent

Weathering has dislodged the gneiss clasts of
TTG composition from the terrain of the basement
gneisses. However, on the basis of chemical and
textural evidence (Peltonen 1986), the Tojottama-
selkä dome is hardly their source, but rather they
are derived from the extensive gneiss areas east or
northwest of Tojottamaselkä. The source of the
granitic gneiss clasts is unknown, because no Ar-
chaean granitic rocks exist in the vicinity. How-
ever, their texture is highly cataclastic, and it is
suggested that they also derive from the basement.
The volcanics of the Central Lapland greenstone
belt, the Lapponian aluminous schists and the
rocks of the Koitelainen layered gabbro complex
do not exist as clasts.

Deposition of the Volcanic Conglomerate Mem-
ber was followed by sedimentation of the Tuffo-
genic Arenite Member (lower mica schists), Lap-
ponian quartzites and aluminous mica schists
(upper mica schists) before the generation of the
Central Lapland greenstone belt.
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stratigraphie position of the conglomerate, the 
elasts have been compared with the formations of 
the Peurasuvanto region (Peltonen 1986). The vol
canic elasts differ from the Lapponian peridotitic 
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(Fig. 1), but they resemble the metavolcanics of 
the Kurittukoski and Lohisarriot areas, whieh are 
interpreted as representing the volcanics of the 
Tuntsa Supergroup. These are older than the Cen
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and the komatiitie and tholeiitic metavolcanics of 
the Möykkelmä area, about 15 km south of Peu
rasuvanto (Tyrväinen 1983, Räsänen et al. in 
press.). Spinifex-textured rocks discovered as 
phenoelasts of the conglomerate, are not known 
in the Peurasuvanto area. 

The diabase elasts were interpreted as hypabys
sal equivalents of the intermediate volcanic elasts. 
Abundant diabases, whieh occur outside the Peu
rasuvanto greenstone basin, 5 km west of Kurit-

tukoski (not shown in the map), may represent 
their counterparts. 

Weathering has dislodged the gneiss elasts of 
TTG composition from the terrain of the basement 
gneisses. However, on the basis of chemieal and 
textural evidence (Peltonen 1986), the Tojottama
selkä dome is hardly their source, but rather they 
are derived from the extensive gneiss areas east or 
northwest of Tojottamaselkä. The source of the 
granitic gneiss elasts is unknown, because no Ar
chaean granitic rocks exist in the vicinity. How
ever, their texture is highly cataelastie, and it is 
suggested that they also derive from the basement. 
The vOlcanies of the Central Lapland greenstone 
belt, the Lapponian aluminous schists and the 
rocks of the Koitelainen layered gabbro complex 
do not exist as elasts. 

Deposition of the Volcanic Conglomerate Mem
ber was followed by sedimentation of the Tuffo
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The palaeosedimentary environments of two contrasting sections of Pre-
cambrian metasedimentary rocks in the western part of Sodankylä, a com-
mune in northern Finland. are described.

The Virttiövaara section belongs to the Lapponian supergroup. Six main
facies have been recognized within the over 200 m thick section, each of
them representing intertidal deposits of the tidal coast. The four sandy
facies are interpreted as deposits of a low tidal sand-flat and sandbars.
A mid-tidal flat is envisaged for the heterolithic facies, and a high tidal
mud-flat for the pelite facies. All these facies are superimposed in both
fining-upward and coarsening-upward sequences attributed to shore-zone
regression and transgression respectively. Caps in the sequences are ascribed
to intermittent erosional transgressions.

The Jatulian metasedimentary rocks of the Värttiövaara section depos-
ited on gently folded and partly eroded Upper Lapponian rocks. The sec-
tion consists of a thick sequence of quartzites, metapelites and conglom-
erates forming six different facies; two of them are sandy (Sp, Sr), two
fine-grained (Fm, Fl) and one is coarse-grained (Gm). They are interpreted
as relatively distal braided river deposits, whereas the massive gravel facies
with muddy matrix (Gms) is interpreted as an alluvial fan deposit.
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INTRODUCTION

The study describes the sedimentary facies and
palaeosedimentology of two contrasting sections
of Precambrian sedimentary rocks, namely, Virt-
tiövaara and Värttiövaara. The study areas are
situated in the western part of Sodankylä in north-
ern Finland (Fig. l). Some of the findings pre-
sented in the more comprehensive work on the
same subject by the present author (Nikula 1985)
are revised.

12

The metasedimentary rocks of the Virttiövaara
section belong to the lower part of the Lapponian
Supergroup, and in this work they are interpreted
as ancient tidal sands and muds.

The Jatulian quartzites of the Värttiövaara sec-
tion, which deposited on the folded and partly
eroded rocks of the Lapponian Supergroup belong
to the Karelian Supergroup. Many features of the
quartzites in Värttiövaara suggest a fluvial origin.
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THE VIRTTIöVAARA SECTION

The sedimentary facies of the Virttiövaara section

Six main sedimentary facies have been recog-
nized within the Virttiövaara section. each one dis-
tinguished on the basis of grain size and primary
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sedimentary structures. Multiple stacking of facies
has resulted in a succession more than 200 m thick
(Fig. 2). The main facies types are: qvartz arenite,
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THE VIRTTIÖV AARA SECTION 

The sedimentary fades of the Virttiövaara section 

Six main sedimentary facies have been recog
nized within the Virttiövaara section, each one dis
tinguished on the basis of grain size and primary 

sedimentary structures. Multiple stacking of facies 
has resulted in a succession more than 200 m thick 
(Fig. 2). The main facies types are: quartz arenite, 
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heterolithic, pelite, cross-bedded quartz wacke,
ripple cross-bedded quartz wacke facies and plane-
bedded quartz wacke facies. (Names of the pri-
mary sedimentary rocks or sediments are used
when referring to the primary nature of the rocks.)

The quartz arenite facies consists of medium to
coarse-grained, very well sorted quartz arenite.
Some quartz grains with their original shape
preserved are well rounded.

The homogeneity of the material makes the
sedimentary structures difficult to recognize.
Nevertheless, some crossbed sets overlain by vari-
ably oriented micro-crosslaminae have been ob-
served. Such cycles of sedimentary structures are
similar to the B-C sequences of Klein (1970b), who
ascribed interval B to tidal bedload transport and
the micro-crosslaminated unit C to late-stage emer-
gence runoff with changes in flow direction.

At one site, tongue-like, asymmetrical ripples
produced by the current are preserved on the
bedding plane. Thin mud flasers are frequently
found in the upper parts of quartz arenite beds.

Quartz arenites grade upwards into the overlying
heterolithic facies. The bases of the quartz arenite
beds are erosional (Fig. 3).

Traces of palaeocurrent observations have been

observed in only two localities: in the fourth quartz
arenite unit, where a planar crossbed set with slip
face oriented SW is overlain by current ripples
striking NNE, and in the third quartz arenite unit,
where current ripples strike SSE.

The heterolithic facies consists of thinly inter-
bedded mud/silt and quartzose sand exhibiting
vertical alteration. The proportion of argillaceous
material appears to increase upwards. Within the
heterolithic facies ripple crosslamination is the pre-
dominant sedimentary structure; both current and
wave-produced ripples are present. Form-dis-
cordant and erosional ripples are due to periodic
erosion and redeposition, but flat-topped ripples
indicate subaerial exposition. Next most abundant
are sand lenses (Fig. a) and wavy bedding. Some
"climbing ripples" are also met with.

The propagation directions of currents and
waves have frequently changed. The most com-
mon directions are E-W and W-E. Penecontem-
poraneous deformation structures include con-
volute bedding, small gravitative faults and water
escape structures. Some tool or obstacle marks are
also found as casts on bedding planes.

The pelite facies consists mainly of very thin
laminated muds and silts and is characterized

Fig. 3. Wavy-bedding and flasers within the heterolithic facies (lower half of photo) followed
by erosively based quartz arenite unit. Virttiövaara. Scale 25 cm.
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Fig. 4. Lenticular bedding in the heterolithic facies. Virttiövaara. Pen for scale.

by horizontal, smoothly undulating lamination.
Sometimes no structures at all are visible to the
naked eye and the material looks massive; in thin
section, however, it turns out to be very thinly
laminated and micro-crossbedded. A few thin
(0.5-3 cm) graded units and some solitary sand
lenses have also been found.

The three quartz wacke facies described below
in more detail consist mainly of quartzose sands.

The clasts are almost exclusively quartz of which
the biggest ones are well rounded. The matrix is
sericitic and generally greenish because of its
chromium content. The proportion of matrix
varies greatly, and sometimes, according to Pet-
tijohn's (1975) classification, the rocks fall into the
category of quartz arenites.

The cross-bedded quartz wacke facies exhibits
large-scale cross-bedding throughout practically the

Fig. 5. Quartz wacke showing complex internal struc-
ture of an intertidal sandbar. Above the master bedding
(near bottom of photo) there are two planar cross-bedded
sand units with upwards decreasing grain size and set
thicknesses overlain by differently oriented ripple cross-
bedded units, which possibly represent the top of the bar
at different stages. The green colour is due to the
chromium-bearing sericite in the matrix. Virttiövaara,
scale 25 cm.
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thicknesses overlain by differently oriented ripple cross
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sericitic and generally greenish because of its 
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whole thickness of the facies. The most common
type is planar cross-bedding with local herringbone
structures; trough crossbedding is quite rare. The
cross-strata set thickness displays bimodal fre-
quency distribution with modes at 5 cm and l3 cm
and subordinate modes at 25 cm, 30 cm and 50
cm. The bed thickness and grain size tend to de-
crease upwards within individual bedsets (Fig. 5).

Some plane or irregular erosion surfaces with
deformed mud clasts and quartz pebbles have been
found. Mud chips have also been met with in the
foreset laminae. Low-angle, convex-up, sometimes
clay-draped erosional reactivation surfaces of the
type described by Collinson (1970) and Klein
(1970a) are common. Plane beds are rare and tend
to be fine-grained. The planar cross-beds general-
ly show a southerly dip. Some northerly dipping

Fig. 6. Quartz wacke showing symmetrical and slightly
asymmetrical ripple cross-lamination. Note brownish
heavy mineral layer in the upper part of the photo. Scale
z) cm-

slip-faces have been met with in herringbone struc-
tures. The orientation of the ripple crossbeds gen-
erally differs from that of the underlying large-
scale cross-strata.

The ripple cross-bedded and plane-bedded quttz
wacke facies are closely interfingering. The pro-
portion of the latter tends to increase upwards in
the stratigraphy. Bed-thickness varies between 0.2
and 12 cm, and muddy heavy-mineral layers are
common. Both symmetrical and asymmetrical
ripples with sharp or rounded crests are encoun-
tered (Fig. 6); there is also a single occurrence of
double-crested ripples. Graded beds and climbing
ripples are quite rare. On the basis of the symmetry
index (Tanner 1967) most of the ripples described
from the micro-crosslaminated quartz wacke facies
were produced by waves.

Palaeosedimentology of the Virttiövaara section

Studies of modern tidal flats have demonstrated
that bedload traction transport dominates in the
shallow subtidal zone and in the sandy intertidal
zone. Landwards, a mixed intertidal flat (mid-tidal
flat) with mixed suspension and bedload sedimen-
tation is followed by a muddy intertidal flat (high
tidal flat) with suspension sedimentation and by
a supratidal salt marsh. Zoning of the sediments
in the intertidal zone of regressive coasts - like
that of the North Sea - leads to the development
of an upward-fining sequence (Evans 1965, Klein
197l). Under suitable transgressive conditions the
sequence may be reversed, i.e. upward coarsening.
(Von Brunn & Hobday 1976, Von Brunn & Ma-
son 1977).

The supermature lithology, patterns of arrange-
ment of sedimentary structures and their location
at the bottom of upward-fining sequences identi-
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fies the quartz arenite facies with the lowest part
of an intertidal zone. The cross-bedding may rep-
resent the internal structure of sand bars between
tidal channels.

Additional evidence of deposition in a low in-
tertidal zone is found in all quartzwacke facies.
The combination of structures in the crossbedded
qoartz wacke facies resembles the internal struc-
ture of modern intertidal sandbars described by
Klein (1970a) from Minas Basin, Canada and Yeo
& Risk (1981). The reactivation surfaces and the
erosional planes between the crossbed sets with
bimodal bed thickness and unimodal slip-face
orientation observed in the study area suggest
asymmetrical velocity and duration of tidal cur-
rents. The dominant currents have caused cross-
bedded sand-waves and dunes, while the weaker,
reverse currents only eroded and rounded the
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shallow subtidal zone and in the sandy intertidal 
zone. Landwards, a mixed intertidal flat (mid-tidal 
flat) with mixed suspension and bedload sedimen
tation is followed by a muddy intertidal flat (high 
tidal flat) with suspension sedimentation and by 
a supratidal salt marsh. Zoning of the sediments 
in the intertidal zone of regressive coasts - like 
that of the North Sea - leads to the development 
of an upward-fining sequence (Evans 1965, Klein 
1971). Under suitable transgressive conditions the 
sequence may be reversed, i.e. upward coarsening. 
(Von Brunn & Hobday 1976, Von Brunn & Ma
son 1977). 

The supermature lithology, patterns of arrange
ment of sedimentary structures and their location 
at the bottom of upward-fining sequences identi-
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fies the quartz arenite facies with the lowest part 
of an intertidal zone. The cross-bedding may rep
resent the internal structure of sand bars between 
tidal channels. 

Additional evidence of deposition in a low in
tertidal zone is found in all quartz wacke facies. 
The combination of structures in the crossbedded 
quartz wacke facies resembles the internal struc
ture of modern intertidal sand bars described by 
Klein (1970a) from Minas Basin, Canada and Yeo 
& Risk (1981). The reactivation surfaces and the 
erosional planes between the crossbed sets with 
bi modal bed thickness and unimodal slip-face 
orientation observed in the study area suggest 
asymmetrical velocity and duration of tidal cur
rents. The dominant currents have caused cross
bedded sand-waves and dunes, while the weaker, 
reverse currents only eroded and rounded the 
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former bed forms. The rare herringbone structures
indicate some deposition also from the reverse cur-
rents (cf. Klein 1970a).

Clay drapes on the reactivation surfaces may be
due to high+ide slack water suspension deposition
as suggested by Klein (1970a) and Oomkens (1974).
Mud clasts on the erosion planes and within the
foreset laminae possibly formed during an emer-
gent-submergent cycle on the high tidal mudflat.
Exposed beds dried to form polygonally mud-
cracked surfaces, and subsequent flooding caused
the hardened upturned edges of shrinkage cracks
to detach and "float". Finally, hard semilithified
mud clasts settled on the lower parts of the inter-
tidal zone (cf. Thompson, 1968 and Franklin e/
al., 1980). The rare plane-bedding may have re-
sulted from low tide shallowing and the resultant
increase in the Froude number (cf. Simons et ol.,
1965).

Common features of the ripple cross-bedded
quartz wacke facies of the Virttiövaara section,
such as sandy composition, abundant ripple marks
and structures indicating subaerial exposure, are
typical of intertidal sand-flat facies (Reineck &
Singh, 1980 and Yeo & Risk, l98l). The existence
of plane-bedded quartz wacke facies in the study
area points to periods of abnormally strong cur-
rent. In the intertidal zone of Minas Basin the
sand-flat facies is the next landwards from the
sandbar facies (Yeo & Risk, op.cit.). Therefore,
in the ideal transgressive intertidalite series, the
sand-flat deposits are above the sandbar deposits.

The lower part of the Virttiövaara section con-
sists of the quartz arenite facies, the heterolithic
facies and the pelite facies in four upward-fining
sequences. The ideal sequence begins with erosive-
ly based quartz arenite grading into the heterolithic
facies with the pelite facies at the top.

These fining-upward sequences are interpreted
as the regressive intertidalite series as discussed by
Klein (1970b, l97l). Stacking of the sequences in-
dicates repetition of regressive-transgressive events
(Fig. 7). During the regressive stages the sediment
load from the mainland was considerable and the
sea level probably remained stable. Repetition of
the regressive sequences is presumably due to in-
termittent episodes of erosional transgression (cf.
Curray 1964), which may result from temporary
reduction in sediment supply and episodes of sub-
sidence or sea-level rise. Because of erosion most
of the regressive intertidalite series at Virttiövaara
lack the pelite facies; only the uppermost series is
complete.

The uppermost regressive sequence is overlain
by an upward-coarsening transgressive sequence
(Fig. 7) in which the mud-flat sediments grade in-

BOTTOM COVERED

Fig. 7. Stratigraphic column of the Virttiövaara section showing
positions of the regressive and transgressive sequences.

to the alternating mud-sand sediments deposited
on the mid-tidal flat. The mud-sand unit becomes
increasingly arenaceous and grades (through in-
tervening, concealed sediments) into the thick
quartzose sand of the low tidal sand flat and sand-
bars. Renewed subsidence and a sustained supply
of detritus from the mainland probably led to the
development of the transgressive intertidalite se-
quences.

It is difficult to interpret the sedimentary his-
tory of the upper part of the Virttiövaara section
owing to the sparsity of outcrops, but the inter-
bedding of the cross-bedded quartz wacke facies
with the ripple cross-bedded and the plane-bedded
quartz wacke facies indicates some sea-level fluc-
tuation.
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former bed forms. The rare herringbone structures 
indicate some deposition also from the reverse cur
rents (cf. Klein 1970a). 

Clay drapes on the reactivation surfaces may be 
due to high-tide slack water suspension deposition 
as suggested by Klein (1970a) and Oomkens (1974). 
M ud elasts on the erosion planes and within the 
foreset laminae possibly formed during an em er
gent-submergent cyele on the high tidal mudflat. 
Exposed beds dried to form polygonally mud
cracked surfaces, and subsequent flooding caused 
the hardened upturned edges of shrinkage cracks 
to detach and "float". Finally, hard semilithified 
mud elasts settled on the lower parts of the inter
tidal zone (cf. Thompson, 1968 and Franklin et 
al., 1980). The rare plane-bedding may have re
sulted from low tide shallowing and the resultant 
increase in the Froude number (cf. Simons et al., 
1965). 

Common features of the ripple cross-bedded 
quartz wacke facies of the Virttiövaara section, 
such as sandy composition, abundant ripple marks 
and structures indicating subaerial exposure, are 
typical of intertidal sand-flat facies (Reineck & 
Singh, 1980 and Yeo & Risk, 1981). The existence 
of plane-bedded quartz wacke facies in the study 
area points to periods of abnormally strong cur
rent. In the intertidal zone of Minas Basin the 
sand-flat facies is the next landwards from the 
sandbar faeies (Yeo & Risk, op.eit.) . Therefore, 
in the ideal transgressive intertidalite series, the 
sand-flat deposits are above the sandbar deposits. 

The lower part of the Virttiövaara seetion con
sists of the quartz arenite faeies, the heterolithic 
faeies and the pelite facies in four upward-fining 
sequences. The ideal sequence begins with erosive
ly based quartz arenite grading into the heterolithic 
facies with the pelite facies at the top. 

These fining-upward sequences are interpreted 
as the regressive intertidalite series as discussed by 
Klein (l970b, 1971) . Stacking ofthe sequences in
dicates repetition of regressive-transgressive events 
(Fig . 7). During the regressive stages the sediment 
load from the mainland was considerable and the 
sea level probably remained stable. Repetition of 
the regressive sequences is presumably due to in
termittent episodes of erosional transgression (cf. 
Curray 1964), which may result from temporary 
reduction in sediment supply and episodes of sub
sidence or sea-Ievel rise. Because of erosion most 
of the regressive intertidalite series at Virttiövaara 
lack the pelite faeies; only the uppermost series is 
complete. 

The uppermost regressive sequence is overlain 
by an upward-coarsening transgressive sequence 
(Fig. 7) in which the mud-flat sediments grade in-
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to the alternating mud-sand sediments deposited 
on the mid-tidal flat. The mud-sand unit becomes 
increasingly arenaceous and grades (through in
tervening, concealed sediments) into the thick 
quartzose sand of the low tidal sand flat and sand
bars . Renewed subsidence and a sustained supply 
of detritus from the mainland probably led to the 
development of the transgressive intertidalite se
quences. 

It is difficult to interpret the sedimentary his
tory of the upper part of the Virttiövaara section 
owing to the sparsity of outcrops, but the inter
bedding of the cross-bedded quartz wacke facies 
with the ripple cross-bedded and the plane-bedded 
quartz wacke facies indicates some sea-Ievel fluc
tuation. 
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In accordance with the facies classification of
Miall (1977) and Rust (1979) six primary sedimen-
tary facies have been recognized within the 500 m
thick Värttiövaara section (Fig. 8).

The most abundant facies is the planar cross-
bedded sand facies (Sp). It consists of medium-
grained, immature sericite quartzites. The grains
are mainly weakly rounded qtJartz, albite and rock
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Descriptive-interpretive stratigraphic column of the Värttiövaara study area.

THE VARTTIöVAARA SECTION

The sedimentary facies of the Värttiövaara section

particles. According to Pettijohn's (1975) classi-
fication, these quartzites were originally arkosic
wackes or lithic greywackes. The most character-
istic sedimentary structure is planar crossbedding
(Fig. 9) which constitutes bedsets up to several
metres thick. Other sedimentary structures are
rare, although there are some mud clasts in the
sand. The minor occurrence of ripple cross-strati-
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THE V ÄRTTIÖV AARA SECTION 

The sedimentary facies of the Värttiövaara section 

In accordance with the facies elassification of 
Miall (1977) and Rust (1979) six primary sedimen
tary facies have been recognized within the 500 m 
thick Värttiövaara section (Fig. 8). 

The most abundant facies is the plan ar cross
bedded sand facies (Sp). lt consists of medium
grained, immature sericite quartzites . The grains 
are mainly weakly rounded quartz, albite and rock 
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fication, these quartzites were originally arkosic 
wackes or lithic greywackes. The most character
istic sedimentary structure is planar crossbedding 
(Fig. 9) which constitutes bedsets up to several 
metres thick . Other sedimentary structures are 
rare, although there are some mud elasts in the 
sand. The minor occurrence of ripple cross-strati-
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Fig. 9. Planar cross-bedding in arkosic wacke. Facies
Sp, Värttiövaara.

fied quartzites forms the ripple cross-bedded sand
facies (Sr). The ripples are asymmetrical and com-
monly occur as solitary ripple trains. On the basis
of their symmetry index, some of them may have
been produced by currents. The few measurable
palaeocurrent directions show considerable scatter.
The rocks included in the massive or crudely
bedded gravel facies (Gm) form units 2-3 m thick.

They were originally composed of poorly sorted
pebble-gravel. Some clast-supported types have
been met with but usually the rocks tend to be
sand-matrix supported. The contact between facies
Gm and Sp is commonly gradational. However,
some scour-and-fill structures have been found in
which Sp is eroded by overlying Gm. Some cross-
bedded sand lenses are also embedded in eravels.

Fig. 10. Sand filled dessiccation cracks on
a bedding plane. Facies Fm/Fl, Värttiövaa-
ra. Scale 25 cm.
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Fig. 9. Planar cross-bedding in arkosic wacke . Facies 
Sp, Värttiövaara. 

fied quartzites forms the ripple cross-bedded sand 
facies (Sr). The ripples are asymmetrical and com
monly occur as solitary ripple trains. On the basis 
of their symmetry index, some of them may have 
been produced by currents. The few measurable 
palaeocurrent directions show considerable scatter. 
The rocks included in the massive or crudely 
bedded gravel facies (Gm) form units 2-3 m thick. 

Fig. 10. Sand filled dessiccation cracks on 
a bedding plane. Facies Fm/ FI, Värttiövaa
ra. Scale 25 cm . 

They were originally composed of poorly sorted 
pebble-gravel. Some clast-supported types have 
been met with but usually the rocks te nd to be 
sand-matrix supported. The contact between facies 
Gm and Sp is commonly gradational. However, 
some scour-and-fill structures have been found in 
which Sp is eroded by overlying Gm. Some cross
bedded sand lenses are also embedded in gravels. 
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At one site Gm forms clastic dykes 5 to 15 cm thick
which cut through Sp.

The pelitic rocks make up only about l0 9o of
the total thickness of the Värttiövaara section. Two
interfingering fine-grained facies are recognized:
laminated or micro-crosslaminated sand, silt and
mud (Fl) and massive sandy mud and mud (Fm).
Horizontal lamination, very small-scaled ripple
marks. massive structure and sand-filled dessicca-
tion cracks (Fig. l0) are all abundant. Some thin
graded beds have also been found. Interbedding
of these two fine-grained facies and ripple cross-
bedded sand facies forms erosional-based units
about l-2 m thick. Minor erosional surfaces are

Fig. I l. Polished section of Värttiövaara conglomerate. Facies Gms, Värttiövaara. Scale I and 5 cm divisions.

common inside the units, too. The erosion surface
is usually covered by a pebble string l-4 cm thick.

The muddy matrix supported gravel facies
(Gms) makes up one third of the total thickness
of the section. Outcrops are rare, and the contacts
with the associated facies are covered. However
this facies apparently forms an entity of its own
and is not interbedded with the other facies.
Sorting is extremely poor and clasts up to 60 cm
in diameter are very weakly rounded, the mean size
being within the pebble range (Fig. I l). The clasts
lack imbrication and, apart from crude grading,
no stratification can be seen.

Palaeosedimentology of

The facies association within the Värttiövaara
section is composed of the sandy (Sp, Sr), fine-
grained (Fl, Fm) and gravelly facies (Gm), and is
comparable in many respects to the modern
braided-river deposits. Consequently, the braided-
river sedimentation model by Miall (1977) can be
applied. The coarse grain-size and large-scale
cross-beds of facies Gm and Sp indicate sedimen-
tation of the bedload from strong and turbulent
traction currents as discussed by other authors, e.g.
Sundborg (1967). Intimate interbedding of coarse
and fine-grained material, scour-and-fill structures
and mud clasts were formed as a result of rapid
and extreme changes in the flow conditions char-
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the Värttiövaara section

acteristic of braided rivers. In braided-river envi-
ronments the channel system tends to spread over
the whole depositional area, and fine-grained ma-
terial freshly deposited is soon re-eroded (Selley
1969). This may be the reason for the relatively
small amount of fine-grained material in the Värt-
tiövaara section.

Smith (1970) pointed out that sedimentation in
braided rivers takes place mainly by bar forma-
tion in channels. The dominant type of bar de-
pends on the grain textural characteristics: up-
stream the material is usually coarse, which
favours the formation of longitudinal bars with
horizontal bedding. Downstream the bedload be-
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Fig. 11. Polished seclion of Värttiövaara conglomerale. Facies Gms, Värlliövaara. Scale land 5 cm divisions. 

At one site Gm forms c1astic dykes 5 to 15 cm thick 
which cut through Sp. 

The pelitic rocks make up only about 10 070 of 
the total thickness of the Värttiövaara section. Two 
interfingering fine-grained facies are recognized: 
laminated or micro-crosslaminated sand, silt and 
mud (Fl) and massive sandy mud and mud (Fm). 
Horizontallamination, very small-scaled ripple 
marks, massive structure and sand-filled dessicca
tion cracks (Fig. 10) are all abundant. So me thin 
graded beds have also been found. Interbedding 
of these two fine-grained facies and ripple cross
bedded sand facies forms erosional-based units 
about 1-2 m thick. Minor erosional surfaces are 

common inside the units, too. The erosion surface 
is usually covered by a pebble string 1-4 cm thick. 

The muddy matrix supported gravel facies 
(Gms) makes up one third of the total thickness 
of the seetion. Outcrops are rare, and the contacts 
with the associated facies are covered. However 
this facies apparently forms an entity of its own 
and is not interbedded with the other facies. 
Sorting is extremely poor and elasts up to 60 cm 
in diameter are very weakly rounded, the mean size 
being within the pebble range (Fig. 11). The elasts 
lack imbrication and, apart from crude grading, 
no stratification can be seen. 

Palaeosedimentology of the V ärttiövaara seetion 

The facies association within the Värttiövaara 
section is composed of the sandy (Sp, Sr), fine
grained (Fl, Fm) and gravelly facies (Gm), and is 
comparable in many respects to the modern 
braided-river deposits. Consequently, the braided
river sedimentation model by Miall (1977) can be 
applied. The coarse grain-size and large-scale 
cross-beds of facies Gm and Sp indicate sedimen
tation of the bedload from strong and turbulent 
traction currents as discussed by other authors, e.g. 
Sundborg (1967). Intimate interbedding of coarse 
and fine-grained material, scour-and-fill structures 
and mud elasts were formed as a result of rapid 
and extreme changes in the flow conditions char-
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acteristic of braided rivers . In braided-river envi
ronments the channel system tends to spread over 
the whole depositional area, and fine-grained ma
terial freshly deposited is soon re-eroded (Selley 
1969). This may be the reason for the relatively 
small amount of fine-grained material in the Värt
tiövaara section. 

Smith (1970) pointed out that sedimentation in 
braided rivers takes place mainly by bar forma
tion in channels. The dominant type of bar de
pends on the grain textural characteristics: up
stream the material is usually coarse, which 
favours the formation of longitudinal bars with 
horizontal bedding. Downstream the bedload be-
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comes finer and better sorted and the longitudi-
nal bars are gradually replaced by transverse bars
in which the internal structure shows planar cross-
bedding. The planar cross-bedded facies (Sp) and
the massive or crudely bedded gravel facies (Gm)
in the Värttiövaara section are interpreted as rep-
resenting the internal structure of transverse and
longitudinal bars, respectively. The abuhdance of
planar cross-bedding in the present study area is
thought to indicate that the depositional environ-
ment of facies Sp was the relatively distal part of
a braided river. According to Smith (op. cit.),
ripples often cover bar tops in the Platte River.
The same may have been happened at Värttiövaa-
ra, where the ripple crossbedded sand facies (Sr)
is often connected with facies Sp.

The fine-grained facies (Fm, Fl) in the Värttiö-
vaara section are thought to represent muds and
silts deposited in abandoned channels. When these
sediments dried out, dessiccation cracks developed.

Facies Gms shows features characteristic of de-
bris flow deposits. These include muddy-matrix
supported texture, poor sorting, poor roundness

of the clasts, and a lack of erosion surfaces due
to laminar flow (cf. Rust, 1979 and Fisher, l97l).
Facies Gms in the Värttiövaara section is there-
fore interpreted as a debris flow deposit. As dis-
cussed by Rust (1979), debris flow deposits are
characteristic of alluvial fans and they can be used

- among other criteria - to identify ancient
alluvial fans. Braided river deposits, although also
met within other environments, are regarded as a
common feature of distal parts of alluvial fans and
alluvial plains (Steel, 1974; Reineck & Singh,
1980).

Despite the lack of other evidence, the present
author is of the opinion that the debris flow de-
posits in the Värttiövaara section, represented by
facies Gms, accumulated on the proximal part of
an alluvial fan. The close spatial relationship
between the braided-river deposits and the pro-
posed alluvial fan deposits in the Värttiövaara sec-

tion is thought to indicate that these braided-river
sediments deposited in the distal part of an allu-
vial fan or on an alluvial plain.

COMPARISONS

Besides Virttiövaara area and its surroundings
the Lapponian chromium-bearing quartzites are
met in the eastern parts of the Sodankylä commune
and in the Savukoski commune. Studies made by
Räsänen (1986) in the Vuojärvi district have dem-
onstrated tidal depositional environments to these
deposits.

Kortelainen (1983) has described many primary
sedimentary structures, similar to those in the Värt-
tiövaara quartzites, from the Jatulian metasedi-
ments in the central parts of the municipality of
Kittilä, about forty kilometres north-west of the
Värttiövaara study area. Kortelainen (op. cit.) in-
terprets these deposits mainly as fluvial.

A fluvial origin is also proposed for the Jatu-
lian quartzites of the Pyhätunturi area in Pelko-

senniemi, about fifty kilometres east of the Värt-
tiövaara study area (Kortelainen et al., 1986).

Jatulian sedimentation in the three above-men-
tioned study areas took place under analogous con-
ditions in many respects.

In western Kittilä and in Kolari. near the Swed-
ish border, there are abundant Jatulian metasedi-
mentary rocks that could be used for environ-
mental analyses. For example, Hiltunen (1982) has
described well-preserved sedimentary structures
from the Tapojärvi quartzite formation in Kolari.

Although much work has already been done,
more information about the sedimentary facies
and environments of the correlated rocks is needed
to finally establish the depositional history of the
Jatulian and Lapponian metasediments.
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comes finer and better sorted and the longitudi
nal bars are gradually replaced by transverse bars 
in which the internal structure shows planar cross
bedding. The planar cross-bedded faeies (Sp) and 
the massive or crudely bedded gravel faeies (Gm) 
in the Värttiövaara section are interpreted as rep
resenting the internal structure of transverse and 
longitudinal bars, respectively. The abuhdance of 
planar cross-bedding in the present study area is 
thought to indicate that the depositional environ
ment of faeies Sp was the relatively distal part of 
a braided river. According to Smith (op. cit.) , 
ripples often cover bar tops in the Platte River. 
The same may have been happened at Värttiövaa
ra, where the ripple crossbedded sand faeies (Sr) 
is often connected with faeies Sp. 

The fine-grained faeies (Fm, Fl) in the Värttiö
vaara section are thought to represent muds and 
silts deposited in abandoned channels. When these 
sediments dried out, dessiccation cracks developed. 

Faeies Gms shows features characteristic of de
bris flow deposits. These inelude muddy-matrix 
supported texture, poor sorting, poor roundness 

of the elasts, and a lack of erosion surfaces due 
to laminar flow (cf. Rust, 1979 and Fisher, 1971). 
Faeies Gms in the Värttiövaara section is there
fore interpreted as a debris flow deposit. As dis
cussed by Rust (1979), debris flow deposits are 
characteristic of alluvial fans and they can be used 
- among other criteria - to identify ancient 
alluvial fans. Braided river deposits, although also 
met within other environments, are regarded as a 
common feature of distal parts of alluvial fans and 
alluvial plains (Steel, 1974; Reineck & Singh, 
1980). 

Despite the lack of other evidence, the present 
author is of the opinion that the debris flow de
posits in the Värttiövaara section, represented by 
faeies Gms, accumulated on the proximal part of 
an alluvial fan. The elose spatial relationship 
between the braided-river deposits and the pro
posed alluvial fan deposits in the Värttiövaara sec
tion is thought to indicate that these braided-river 
sediments deposited in the distal part of an allu
vial fan or on an alluvial plain. 

COMP ARISONS 

Besides Virttiövaara area and its surroundings 
the Lapponian chromium-bearing quartzites are 
met in the eastern parts of the Sodankylä commune 
and in the Savukoski commune. Studies made by 
Räsänen (1986) in the Vuojärvi district have dem
onstrated tidal depositional environments to these 
deposits. 

Kortelainen (1983) has described many primary 
sedimentary structures, similar to those in the Värt
tiövaara quartzites, from the J atulian metasedi
ments in the central parts of the munieipality of 
Kittilä, about forty kilometres north-west of the 
Värttiövaara study area. Kortelainen (op. eit.) in
terprets these deposits mainly as fluvial. 

A fluvial origin is also proposed for the Jatu
li an quartzites of the pyhätunturi area in Pelko-

sennierni, about fifty kilometres east of the Värt
tiövaara study area (Kortelainen et al., 1986). 

Jatulian sedimentation in the three above-men
tioned study areas took place under analogous con
ditions in many respects. 

In western Kittilä and in Kolari, near the Swed
ish border , there are abundant J atulian metasedi
mentary rocks that could be used for environ
mental analyses. For example, Hiltunen (1982) has 
described well-preserved sedimentary structures 
from the Tapojärvi quartzite formation in Kolari. 

Although much work has already been done, 
more information about the sedimentary faeies 
and environments of the correlated rocks is needed 
to finally establish the depositional history of the 
J atulian and Lapponian metasediments . 
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The Oraniemi association, 2.79-2.70 Ga in maximum span, forms the
middle part of the Lapponian Supergroup in the Lapland greenstone belt.
The arkose-slate-quartzite sequence between the Salla and Kittilä green-
stone complexes is about 3 km thick and corresponds to the main sub-
sidence in a cratonic rift. Its three transgressive cycles are covered by a

small lava field and euxinic-exhalative debris.
After a hiatus evidenced by volcaniclastic sediment-gravity flow, arkosic

coarse sands were deposited, forming a retrogradational alluvial fan of
braided streams, with arkosic conglomerates near the bottomset of red-
bed parentage. At the top, the alluvial fan grades into a submarine lower
fan that underlies a thick pelitic sequence of turbidity basin-plain sediments.
Subsequent uplift, associated with minor volcanic eruptions, was followed
by the stratification of calcareous debris in a littoral environment. During
the ensuing transgression, feldspathic sand bodies may have built up an
embayed lowland or a flood plain with associated fine sediments deposited
on a tidal or storm-dominated shelf. The resulting quartzite-slate suite
displays progradational features.

The proportion of recycling d.etritus was small in comparison with the
supply of sediment resulting from one or more uplifting of the Saamian
basement and the development of fault mountains in the palaeovolcanic
surroundings. A riftal framework with two aulacogens is envisaged.
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TNTRODUCTION

The Oraniemi association (Fig. l) is part of the
Lapponian Supergroup (Silvennoinen 1985), al-
though well preserved primary textures led Mik-
kola (1941) to compare this arkosequartzite-slate
suite to the Kumpu conglomerate-metasand-
stone-slate association of post-Lapponian origin
(Hackman 1927, Sederholm 1932, Mikkola 1941,

Silvennoinen 1985). In previous works (Mattila
1974, Saverikko 1977, 1978, Rask 1978, Tyrväi-

nen 1983, Leppänen 1985), the Oraniemi rock suite
can be understood as an arkose-slate-quartzite
association with the slate metamorphosed progres-

sively up into sillimanite gneiss.
The chronostratigraphic relation of the Lappo-

nian Supergroup is currently a subject of dispute,
the sequence comparable to that of the Archaean
greenstone belts (Gaäl et al. 1978) being regarded
as Archaean (Gaäl et al. 1978, Silvennoinen et ol.
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Fig. I . Geological sketch map of eastern Finnish Lapland (Saverikko 1987). Map area of Figure 3 is delineated with a heavy broken line.
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1980, Saverikko 1987), Archaean-Proterozoic
(Silvennoinen 1985, Gaäl 1986) or Proterozoic (Si-
monen 1980, Laajoki 1986a). Despite the diver-
gent opinions, the Oraniemi association appears
to be Archaean, a view that is ultimately supported
by two felsic metavolcanics, 2.70 Ga old (Rastas
1980, O. Kouvo, pers. comm.), within the gra-
phitic slates above (Fie. 2) and by the Koitelainen
gabbro of 2.44 Ga age (see Kröner et ql. 1981, Sa-
verikko 1985, Gaäl 1986).

The study area (Fig. 3) is located between the
Salla-Jauratsi and Kittilä ereenstone areas. where

the Oraniemi association is 3-3.5 km thick in the
type section upon the Salla greenstone complex
Gig. a); it continues as the Sodankylä quartzite
(Hackman 1927) in the west beneath the Kittilä
greenstone complex. In the type locality the se-
quence is separated from the Salla greenstone
complex by a conglomerate-greywacke-slate
blanket, which is here called the marker. The upper
boundary is not as clear but the Sodankylä quartz-
ite underlies an isolated amphibolite and graphit-
ic slates, covered by the Kittilä greenstone com-
plex (Tyrväinen 1983, Saverikko 1985).

LITHOLOGY

Marker bed

Despite the paucity of outcrops in the marker
bed, regular textural variation in lateral extent can
be assumed (Figs. 5). Conglomerate with an in-
tact gravel framework predominates in the south
and grades northwards into slate through matrix-
supported conglomerate and greywacke. The pack-
ing varies typically with size frequence, and the

phenoclast-supported conglomerate with frag-
ments up to 1 m in diameter grades into pebbly
greywacke. The green interstitial material is
amphibole-bearing throughout. The subhedral
hornblende in the nematoblastic groundmass,
which also contains biotite and epidote, suggests
volcanic origin. However, the detrital nature is re-
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1980, Saverikko 1987), Arehaean-Proterozoie 
(Silvennoinen 1985, Gaa11986) or Proterozoie (Si
monen 1980, Laajoki 1986a). Despite the diver
gent opinions, the Oraniemi assoeiation appears 
to be Arehaean, a view that is ultimately supported 
by two felsie metavo1canies, 2.70 Ga old (Rastas 
1980, O. Kouvo, pers. eomm.), within the gra
phitie slates above (Fig. 2) and by the Koitelainen 
gabbro of 2.44 Ga age (see Kröner et al. 1981, Sa
verikko 1985, Ga:U 1986). 

The study area (Fig. 3) is loeated between the 
Salla-Jauratsi and Kittilä greenstone areas, where 
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type seetion upon the Salla greenstone eomplex 
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(Haekman 1927) in the west beneath the Kittilä 
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quenee is separated from the Salla greenstone 
eomplex by a eonglomerate-greywaeke-slate 
blanket, whieh is here ealled the marker. The upper 
boundary is not as c1ear but the Sodankylä quartz
ite underlies an isolated amphibolite and graphit
ie slates, eovered by the Kittilä greenstone eom
plex (Tyrväinen 1983, Saverikko 1985). 

LITHOLOGY 

Marker bed 

Despite the paueity of outerops in the marker 
bed, regular textural variation in lateral extent ean 
be assumed (Figs. 5). Conglomerate with an in
taet gravel framework predominates in the south 
and grades northwards into slate through matrix
supported eonglomerate and greywaeke. The paek
ing varies typically with size frequenee, and the 

phenoc1ast-supported eonglomerate with frag
ments up to 1 m in diameter grades into pebbly 
greywaeke. The green interstitial material is 
amphibole-bearing throughout. The subhedral 
hornblende in the nematoblastie groundmass, 
whieh also eontains biotite and epidote, suggests 
vo1canie origin . However, the detrital nature is re-
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The Oraniemi arkose-slate-quartzite association:

Fig. 4. Stratigraphic column of the Oraniemi rock suite, compiled and revised after Saverikko (1977 , 1978) and Rask (1978).
General sedimentary features on the right are described in the text.
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vealed by the occurrence of highly rounded clasts
of hornblende as cores in several amphibole laths
and by the abundances of quartz, feldspar and epi-
dote that increase up to those of the quartzose
greywacke member. The rock devoid of the phe-
noclasts is overlapped by a slate that may alone
constitute the marker bed in its northernmost
,parts.

The tightly packed conglomerate is almost iso-
tropic in fabric, but where the matrix-supported
rock is not thoroughly foliated, it is thinly bedded,
with distinct laminae forming low-angle planar
cross-beds. The clearly rounded phenoclasts are
cataclastic granite gneiss, greenstone, cordierite-
staurolite schist, hornblende gneiss, porphyritic
quartz-albite rock and quartzite.

Orakoski arkose

In the present study what Mikkola (1941) called
the Orakoski quartzite is termed the Orakoski ar-
kose on account of its exceptional appearance and
apparent granitic derivation in the Lapponian
quartzite clan. It is arkose quartzite overlying a
thin redbed layer exposed south of the Tongosoi-
va hill. In the lower part, an arkosic conglomer-
ate, known as the Huhtakumpu conglomerate
(Mikkola l94l), is present in a few bodies, up to
150 m thick and lenticular in cross-section. The
transitional zone of the arkose to the overlying
slate is 10-30 m thick.

Arkosic massive redbeds (5-15 cm thick) alter-
nate in the lower part with uneven grey argillic beds
which constitute virtually the entire blanket, l0 m
thick. Mono- to polycrystalline sand grains con-
sist of plagioclase, K-feldspar and quartz. The
strongly saussuritized and kaolinized feldspars
occur in relict clasts of finely granular epidote, sur-

t3

rounded by kaolin or haematite-pigmented, seri-
citic matrix. Several plagioclase grains have re-
mained fresh, with internal dislocations and bend-
ine Gig. 6) indicating the cataclastic texture of the
granitic source rock. The argillitic rock has abun-
dant sericite but only random biotite. Quartz and
minor feldspar occur in arenaceous laminae or
display graded bedding in argillaceous beds. These
beds contain considerable amounts of epidote and
fine-grained haematite, the largest grains of which
are covered with a brown, transparent coat.

The Orakoski arkose is composed of beds 5-25
cm thick with cross-beds. Festoon or channel-fill
cross-beds predominate but migrating megaripple
bedding is also present (Figs. 7). The beds can be
distinguished from one another by the greenish
micaceous or grey metalliferous interfaces. With
the exception of the limited but common channel-
lag gravels (@ <lO mm), other discrete changes in
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Fig. 4. Stratigraphic column of the Oranierni rock suite, compiled and revised after Saverikko (1977, 1978) and Rask (1978). 
General sedirnentary features on the right are described in the text. 

vealed by the occurrence of highly rounded elasts 
of hornblende as cores in several amphibole laths 
and by the abundances of quartz, feldspar and epi
dote that increase up to those of the quartzose 
greywacke member. The rock devoid of the phe
noelasts is overlapped by a slate that may alone 
constitute the marker bed in its northernmost 
parts. 

The tightly packed conglomerate is alm ost iso
tropic in fabric, but where the matrix-supported 
rock is not thoroughly follated, it is thinly bedded, 
with distinct laminae forming low-angle planar 
cross-beds. The elearly rounded phenoelasts are 
cataelastic granite gneiss, greenstone, cordierite
staurolite schist, hornblende gneiss, porphyritic 
quartz-albite rock and quartzite . 

Orakoski arkose 

In the present study what Mikkola (1941) called 
the Orakoski quartzite is termed the Orakoski ar
kose on account of its exceptional appearance and 
apparent granitic derivation in the Lapponian 
quartzite elan. It is arkose quartzite overlying a 
thin redbed layer exposed south of the Tongosoi
va hill. In the lower part, an arkosic conglomer
ate, known as the Huhtakumpu conglomerate 
(Mikkola 1941), is present in a few bodies, up to 
150 m thick and lenticular in cross-section. The 
transition al zone of the arkose to the overlying 
slate is 10-30 m thick. 

Arkosic massive redbeds (5-15 cm thick) alter
nate in the lower part with uneven grey argillic beds 
which constitute virtually the entire blanket, 10 m 
thick. Mono- to polycrystalline sand grains con
sist of plagioelase, K-feldspar and quartz. The 
strongly saussuritized and kaolinized feldspars 
occur in rellct elasts of finely granular epidote, sur-
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rounded by kaolin or haematite-pigmented, seri
citic matrix. Several plagioelase grains have re
mained fresh, with internal dislocations and bend
ing (Fig. 6) indicating the cataelastic texture of the 
granitic source rock. The argillitic rock has abun
dant sericite but only random biotite. Quartz and 
minor feldspar occur in arenaceous laminae or 
display graded bedding in argillaceous beds. These 
beds contain considerable amounts of epidote and 
fine-grained haematite, the largest grains of which 
are covered with a brown, transparent coat. 

The Orakoski arkose is composed of beds 5-25 
cm thick with cross-beds. Festoon or channel-fill 
cross-beds predominate but migrating megaripple 
bedding is also present (Figs. 7). The beds can be 
distinguished from one another by the greenish 
micaceous or grey metalliferous interfaces. With 
the exception of the limitedbut common channel
lag gravels (0< 10 mm), other discrete changes in 

193 



Geological Survey of Finland, Special

Matti Saverikko
Paper 5

lithology or sharp physical breaks between me-
dium, coarse and very coarse sands are rare. In
contrast to the bulk of the coarse-grained sand
deposit, the finer-grained sediments at the top are
stratified such that small-scale cross-bedded units
alternate with units of laminated sand or sand of
variable massive texture (Figs. 8). The abundance
of cross-bedding decreases upwards as the grain
size of the arenaceous detritus becomes finer.

The clastic texture is well preserved, except in
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Fig. 5. Members of the marker from south to north. - A. Phenoclast-supported conglomerate, about 6 km southwest of Tongosoiva.

- B. Pebbly greywacke (arrows point to pebbles), Aska. - C. Volcaniclastic greywacke displaying very low-angle planar cross-beds, about
5 km northeast of Tongosoiva. - D. Graded-bedded slate with a few asymmetric ripple marks in the lower part, by the river Kitinen.

the north and east, and the rock is arkosic arenite
or wacke in nature and consists of polygonal
qtrartz, cataclastic K-feldspar and plagioclase (An
l0-35), quartz-feldspar grains and several frag-
ments of slate (Table l). The matrix is of very fine-
grained sericite accompanied by minor quartz and
feldspar. A few muscovite flakes are evidently
detrital, and several highly rounded grains of
zircon and epidote may belong to the very sub-
ordinate group of heavy minerals.
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contrast to the bulk of the coarse-grained sand 
deposit, the finer-grained sediments at the top are 
stratified such that smaIl-scale cross-bedded units 
alternate with units of laminated sand or sand of 
variable massive texture (Figs. 8) . The abundance 
of cross-bedding decreases upwards as the grain 
size of the arenaceous detritus becomes finer. 

The clastic texture is weIl preserved, except in 
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the north and east, and the rock is arkosic arenite 
or wacke in nature and consists of polygonal 
quartz, cataclastic K-feldspar and plagioclase (An 
10-35), quartz-feldspar grains and several frag
ments of slate (Table 1). The matrix is of very fine
grained sericite accompanied by minor quartz and 
feldspar . A few muscovite flak es are evidently 
detrital, and several highly rounded grains of 
zircon and epidote may belong to the very sub
ordinate group of heavy minerals. 
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Huhtakumpu conglomerate

The arkosic conglomerate occurs in one or more
channels at a level20-50 m above the base of the
Orakoski arkose. At Huhtakumpu, the exposure
is lenticular in profile but, about 4 km northeast
of Tongosoiva, the deposit consists of a pair of
lenses adjacent to each other in cross-section. The
strata in both places are much the same with in-
terbedded sand. The compositional immaturity,
coarseness, roundness and volume of gravel in-
creases upwards. The greatest difference is due to
the fact that the pebbles in the uppermost thick
bed of gravel, near Tongosoiva, are frequently
15 cm in diameter whereas, at Huhtakumpu, the
phenoclasts, which measure only 5 cm or less, are
stratified in thin beds, l5-20 cm thick. The de-
cline in size may indicate the location of the apex
in the vicinity of Tongosoiva, where fragments of
slate, too, occur in abundances almost comparable
to those of granite gneiss or vein qüartz (Fig. 9).

The channel floor is obscured bv scattered

Fig. 6. Microphotograph from arkosic redbed in which clastic texture
is largely obscure because of strong kaolinization and saussuritiza-
tion. About 4 km northeast of Tongosoiva. Crossed polars. Photo
by E. Halme.

granules of quartz embedded in inversely graded
manner in the upward-coarsening arkosic sand.
The gravelly beds are moderately to tightly packed

lmm
I L--J

Fig. 7. Current bedding in the Orakoski arkose, about 4 km east of Orakoski rapids. - Above left: Large-scale festoon and channel-fill
cross-beds. - Above right: Stream-channel deposits with channel-lag gravel and megaripple bedding present in the upper part ofthe photo-
graph. - Below: Graded bedding in channel-fill cross-beds.

195

Geological Survey of Finland , Special Paper 5 
The Oraniemi arkose- slate-quartzite association: An Archaean aulacogen fill in northern Finland 

Huhtakumpu conglomerate 

The arkosic conglomerate occurs in one or more 
channels at a level 20-50 m above the base of the 
Orakoski arkose. At Huhtakumpu, the exposure 
is lenticular in profile but, about 4 km northeast 
of Tongosoiva, the deposit consists of a pair of 
lenses adjacent to each other in cross-section. The 
strata in both places are much the same with in
terbedded sand. The compositional immaturity, 
coarseness, roundness and volume of gravel in
creases upwards. The greatest difference is due to 
the fact that the pebbles in the uppermost thick 
bed of gravel, near Tongosoiva, are frequently 
15 cm in diameter whereas, at Huhtakumpu, the 
phenoc1asts, which measure only 5 cm or less, are 
stratified in thin beds, 15-20 cm thick. The de
c1ine in size may indicate the location of the apex 
in the vicinity of Tongosoiva, where fragments of 
slate, too, occur in abundances almost comparable 
to those of granite gneiss or vein quartz (Fig. 9). 

The channel floor is obscured by scattered 

Fig. 6. Microphotograph from arkosic redbed in which cIastic texture 
is la rgely obscure because of strong kaolinization and saussuriti za
tion . About 4 km northeast of Tongosoiva . Crossed polars. Photo 
by E. Halme. 

granules of quartz embedded in inversely graded 
manner in the upward-coarsening arkosic sand. 
The gravelly beds are moderately to tightly packed 

Fig. 7. Current bedding in the Orakoski arkose, about 4 km east of Orakoski rapids. - Above left: Large-scale festoon and channel-fill 
cross-beds. - Above right : Stream-channel deposits with channel-lag gravel and megaripple bedding present in the upper part of the photo
graph. - Below: Graded bedding in channel-fill cross-beds. 
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Fig. 8. Sedimentary structures in the upper part of the Orakoski arkose. - Left: Small-scale festoon-like cross-beds and interbeds of
laminated sand. Some cross-beds have been touched up by pencil on the weathering surface of an boulder, about 2 km west of Tongosoiva.

- Middle and right: Another type of composite bedset with explanation. On the Sodankylä-Kemijärvi road, about 7 km northeast of
Tongosoiva.

Table l. Point-counter analyses. Orakoski arkose.

t4l312ll

Quartz
K-feldspar
Plagioclase
Rock grains*
Epidote
Opaques
Matrix
Micas
Others

34.2 57.6 66.'.7

20.3 10.9 8.2
5.0 3.1 .l
r.6 1.7 .0
.0 .2 .1

.9 .l .l
38.0 26.4 24.8

s2.r 46.9
17.2 13.0
2.0 8.1
8.8 r.4
.l 1.5

.2 .7

19.6 28.4

53.8 67.6
23.2 10.9
3.4 7.0
1.5

.4 .0

.5 .0
17.2

13.8

.0 .7

64.7 63. I
s.4 t5.2

10.3 3.8

I1.5 13.3

2.6 .3

48.6 54.5
26.4 3.4
14.4 32.1

t.l

9.6 7.2
1.0 .t.7

38.2 42.6
12.6 22.8
37.8 18.6

10.8 10.8
.6 5.2

4.6 3.4
.9 .9

60.3
18.0

1.3

.0

.5

19.8
.l

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

* Polymineralic and lithic fragments

Samples
l. Orakoski (Saverikko 1971 , Table 3: # l).
2. Orakoski (Saverikko 1977, Table 1: #2).
3. Orakoski (Saverikko 1977, Table 3:#3).
4. Ympärystävaara (Saverikko 1977, Table 3:#4)
5. Palovaara (Saverikko 1977, Table 3: # 5).
6. Palovaara (Saverikko 1917, Table 3:#6\.
7. Kommattivaara (Rask 1978, Table l:# l).

and crudely stratified with distinct boundaries,
especially at the washed top (Fig. 9). The inter-
layered sand occurs in simple or composite bed-
sets, which are unevenly laminated or cross-bedded
in large troughs resembling the Orakoski arkose
but having slightly higher abundances of sericitic
matrix. The topmost bed of polymictic gravel with
an intact framework near Tongosoiva is covered
with a sericite quartzite that passes within a short
interval into the Orakoski arkose. At Huhtakum-
pu, the micaceous quartzite disappears, being ex-
posed in small but complex deposits along the
River Kitinen.

The sandy material of the conglomerate is a
heterogeneous mixture of sand grains and sericitic
matrix that includes fine quartz and minor biotite.
The cataclastic grains of feldspar or quartz and

r96

8. Palkisvaara (Rask 1978, Table l:#2).
9. Nuolikuru (Rask 1978, Table 1:#3).

10. Laukkuvaara (Rask 1978, Table l:#4).
ll. Uuttuvaara (Mattila 1974, Table 5:#l).
12. Uuttuvaara (Mattila 1974, Table 5:#2).
13. Madevaara (Mattila 1974, Table 5:#3).
14. Orakoski (Tyrväinen 1983, Table l: # l).

feldspar, clasts of mosaic q\artz and monocrystal-
line particles of epidote and opaque minerals are
much like those of the Orakoski arkose. The peb-
bles and cobbles are white to brownish vein quartz,
granite gneiss, cataclastic K-feldspar and slate.

The granite-gneiss clasts are mostly medium-
grained but variously anisotropic in fabric, prin-
cipally because of the directional to random ag-
gregates of quartz penetrating and interlocking
xenomorphic or mortar-structured and sutured
feldspars. Biotite may also be a main constituent
in schlieren.

The K-feldspar is perthitic in texture, and its
presence in coarse-grained, monocrystalline frag-
ments suggests a derivation from pegmatites or
megacrysts.
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Table 1. Point-counter ana1yses. Orakoski arkose. 

2 3 4 5 6 7 8 9 10 1J 12 13 14 

Quartz 34.2 57 .6 66.7 52.1 46.9 53.8 67 .6 64.7 63 .1 60.3 38.2 42.6 48 .6 54 .5 
K-feldspar 20.3 10.9 8.2 17.2 13 .0 23 .2 10.9 5.4 15 .2 18.0 12.6 22.8 26.4 3.4 
Plagioclase 5.0 3.1 .1 2.0 8.1 3.4 7.0 10.3 3.8 1.3 37.8 18.6 14.4 32 .1 
Rock grains + 1.6 1.7 .0 8.8 1.4 1.5 
Epidote .0 .2 .1 .1 1.5 .4 .0 11.5 13 .3 .0 1.1 
Opaques .9 .1 .1 .2 .7 .5 .0 2.6 .3 .5 
Matrix 38.0 26.4 24.8 19.6 28.4 17.2 
Micas 13.8 4.6 3.4 19.8 10.8 10.8 9.6 7.2 
Others .0 .0 .0 .0 .0 .0 .7 .9 .9 .1 .6 5.2 1.0 . 1.7 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

+ Polymineralic and lithic fragments 

Sam pIes 
I. Orakoski (Saverikko 1977, Table 3: # 1). 8. Palkisvaara (Rask 1978, Table 1: # 2). 
2. Orakoski (Saverikko 1977, Table 3: #2). 9. Nuolikuru (Rask 1978, Table 1: # 3). 
3. Orakoski (Saverikko 1977, Table 3: # 3). 10. Laukkuvaara (Rask 1978, Table 1: #4). 
4. Ympärystävaara (Saverikko 1977, Table 3: #4). 11. Uuttuvaara (Mattila 1974, Table 5: # 1). 
5. Palovaara (Saverikko 1977, Table 3: # 5). 12. Uuttuvaara (Mattila 1974, Table 5: # 2). 
6. Palovaara (Saverikko 1977, Table 3: #6) . 13 . Madevaara (Mattila 1974, Table 5: # 3). 
7. Kommattivaara (Rask 1978, Table 1: # 1) . 14. Orakoski (Tyrväinen 1983, Table 1: # 1) . 

and crudely stratified with distinct boundaries, 
especially at the washed top (Fig. 9). The inter
layered sand occurs in simple or composite bed
sets, which are unevenly laminated or cross-bedded 
in large troughs resembling the Orakoski arkose 
but having slightly high er abundances of sericitic 
matrix. The topmost bed of polymictic gravel with 
an intact framework near Tongosoiva is covered 
with a sericite quartzite that passes within a short 
interval into the Orakoski arkose. At Huhtakum
pu, the micaceous quartzite disappears, being ex
posed in small but complex deposits along the 
River Kitinen. 

The sandy material of the conglomerate is a 
heterogeneous mixture of sand grains and sericitic 
matrix that ineludes fine quartz and minor biotite. 
The cataelastie grains of feldspar or quartz and 
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feldspar , elasts of mosaic quartz and monocrystal
li ne partieies of epidote and opaque minerals are 
much like those of the Orakoski arkose. The peb
bles and cobbles are white to brownish vein quartz, 
granite gneiss, cataelastic K-feldspar and slate. 

The granite-gneiss elasts are mostly medium
grained but variously anisotropie in fabric, prin
cipally because of the directional to random ag
gregates of quartz penetrating and interlocking 
xenomorphic or mortar-structured and sutured 
feldspars. Biotite mayaiso be a main constituent 
in schlieren. 

The K-feldspar is perthitic in texture, and its 
presence in coarse-grained, monocrystalline frag
ments suggests a derivation from pegmatites or 
megacrysts. 
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Fig. 9. Gravel framework of the Huhtakumpu conglomerate. - Left: Tightly packed phenoclasts of granite gneiss (pale), vein quartz
(ligit grey) and slate (grey) in the uppermost thick bed. About 4 km northeast of Tongosoiva. - Right: washed top of a gravelly sand
bed covered with very coarse sand. Huhtakumpu.

Metapelite

The metapelite was originally thinly stratified
mudstone with graded or interbedded clay or silt
strata, 0.1-5 cm thick (Figs. 10). The parallel
laminae and thin beds are even or, uncommonly,
undulatory with the shape of ripple marks. The
ripples are either symmetrical or asymmetrical in
profile; oscillation ripples are very rare.

In the slate and phyllite, the clay has been trans-
formed into sericite and chlorite, whereas the silty
detritus has recrystallized into a granoblastic mass
of quartz, with few grains of feldspar. The rock
is enriched in aluminium and iron (Table 2), as
is petrographically verified by the prevalent por-

phyroblasts of aluminium silicates and by magnet-
ite that is present as a major mineral in dusty
dissemination and dense grain aggregates on the
bedding planes. Minor minerals are epidote,
apatite, zircon, tourmaline and sphene, of which
epidote is in places a major mineral. The most
striking, albeit rare, mineralogic feature is the
presence of porphyroblasts of chloritoid and pla-
gioclase (An 25-35).

An extensive greenstone layer, 5-20 m thick,
is sandwiched in the upper part of the metapelite,
with or without linkage to a small greenstone body
of lava-flow pile overlying the metapelite.

Calc-silicate rock

The bright-coloured rock is exposed around the
Lake Orajärvi and northwest of Sodankylä. Epi-
dote, amphibole, chlorite and biotite form banded
texture in the granoblastic or blastoclastic rock.
The arenaceous detritus (@ 0.05-0.5 mm) is com-
posed of opaque-pigmented feldspar and mono-
crystalline or polycrystalline quartz. The calcare-
ous matrix may be rich in sericite and biotite. Mud-
draped ripple marks, symmetrical in profile, are
traceable and the thickest flasers include some
porphyroblasts of andalusite within the biotitized

muddy fill, whereas the mineral matter that was
originally formed through precipitation or segre-
gation now constitutes a cryptocrystalline assem-
blage of epidote and carbonate, stratified into
planar beds that also show small-scale cross-beds.
Accessory minerals are apatite, zircon, opaque
minerals and tourmaline.

In the lower part of the deposit a sharpstone
conglomerate provides evidence of an intraforma-
tional breccia overlying narrow discordant planes
of soft-sediment breccia.

Sodankylä quartzite formation

In the marginal zones, the Sodankylä quartzite ber interpreted to have been deltaic sand bodies
formation consists of a feldspathic quartzite mem- overlapped by the sericite-quartzite member of silty
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Fig. 9. Gravel framework of the Huhtakumpu conglomerate. - Left: Tightly packed phenoclasts of granite gneiss (pale) , vein quartz 
(light grey) and slate (grey) in the uppermost thick bed. About 4 km northeast of Tongosoiva. - Right: Washed top of a gravelly sand 
bed covered with very coarse sand. Huhtakumpu . 

Metapelite 

The metapelite was originally thinly stratified 
mudstone with graded or interbedded c1ay or silt 
strata, 0.1-5 cm thick (Figs. 10). The parallel 
laminae and thin beds are even or, uncommonly, 
undulatory with the shape of ripple marks. The 
ripples are either symmetrieal or asymmetrical in 
profile; oscillation ripples are very rare. 

In the slate and phyllite, the c1ay has been trans
formed into sericite and chlorite, whereas the silty 
detritus has recrystallized into a granoblastic mass 
of quartz, with few grains of feldspar . The rock 
is enriched in aluminium and iron (Table 2), as 
is petrographically verified by the prevalent por-

phyroblasts of aluminium silicates and by magnet
ite that is present as a major mineral in dusty 
dissemination and dense grain aggregates on the 
bedding planes. Minor minerals are epidote, 
apatite, zircon, tourmaline and sphene, of which 
epidote is in places a major mineral. The most 
striking, albeit rare, mineralogie feature is the 
presence of porphyroblasts of chloritoid and pla
gioc1ase (An 25-35). 

An extensive greenstone layer, 5-20 m thick, 
is sandwiched in the upper part of the metapelite, 
with or without linkage to a small greenstone body 
of lava-flow pile overlying the metapelite. 

Calc-silicate rock 

The bright-coloured rock is exposed around the 
Lake Orajärvi and northwest of Sodankylä. Epi
dote, amphibole, chlorite and biotite form banded 
texture in the granoblastic or blastoc1astie rock . 
The arenaceous detritus (0 0.05-0.5 mm) is com
posed of opaque-pigmented feldspar and mono
crystalline or polycrystalline quartz. The calcare
ous matrix may be rieh in sericite and biotite. Mud
draped ripple marks, symmetrie al in profile, are 
traceable and the thiekest flasers inc1ude some 
porphyroblasts of andalusite within the biotitized 

muddy fill, whereas the mineral matter that was 
originally formed through precipitation or segre
gation now constitutes a cryptocrystalline assem
blage of epidote and carbonate, stratified into 
planar beds that also show small-scale cross-beds. 
Accessory minerals are apatite, zircon, opaque 
minerals and tourmaline. 

In the lower part of the deposit a sharpstone 
conglomerate provides evidence of an intraforma
tional breccia overlying narrow discordant planes 
of soft-sediment breccia. 

Sodankylä quartzite formation 

In the marginal zones, the Sodankylä quartzite 
formation consists of a feldspathic quartzite mem-

ber interpreted to have been deltaic sand bodies 
overlapped by the serieite-quartzite member of silty 
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Fig. 10. Bedding of the northward-thinning muddy strata. - A. Rare, thicker beds of silty mud, a loose boulder about 3 km northwest
of Tongosoiva, - B. Silty mud beds with exceptional wavy bedding, about I km south of Tongosoiva, - C. Laminated andalusite slate
of clayey origin with magnetite stripes, Mantovaara quarry, about 5 km east of Sodankylä, - D. Laminated slate, a loose boulder about
6 km northwest of Kannusvaara,

sand and mud origin. In two or three outcrops the
members show transitional contacts with the un-
derlying metapelite.

The feldspathic quartzite comprises medium to
very coarse sand stratified in planar beds (l-12
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cm thick) that frequently exhibit trough cross-
bedding or foreset laminae; the beds are mostly
bounded by greenish micaceous interfaces or, rare-
ly, show graded bedding. The bedding develops
into a fairly rhythmic pattern (Figs. I l) in which
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Fig . 10. Bedding of the northward-thinning muddy strata. - A . Rare, thicker beds of silty mud, a loose boulder about 3 km northwest 
of Tongosoiva, - B. Silty mud beds with exceptional wavy bedding, about 1 km south of Tongosoiva, - C. Laminated andalusite slate 
of clayey origin with magnetite stripes, Mantovaara quarry, about 5 km east of Sodankylä, - D. Laminated slate, a loose boulder about 
6 km northwest of Kannusvaara . 

sand and mud origin. In two or three outcrops the 
members show transitional contacts with the un
derlying metapelite. 

The feldspathic quartzite comprises medium to 
very co ar se sand stratified in planar beds (1 - 12 
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cm thick) that frequently exhibit trough cross
bedding or foreset laminae; the beds are mostly 
bounded by greenish micaceous interfaces or, rare
ly, show graded bedding. The bedding develops 
into a fairly rhythmic pattern (Figs. 11) in which 



Table 2. Chemical analyses. Metapelite.

t7t6t5t4IJt2lll0wt.9o

sio2
ALO:
Fe2O3* *

Mgo
Cao
Naro
Kuo
MnO
Tio2
POs
HzO*
Hro-
Cot
Cr203

57.66
22.40
9.74
t.r7
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2.33
2.80

.00

.86

.16

60.28
20.42
7.69
1.54

1.46
2.22
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.03

.88
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.00
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.59
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.06
r.20
.00
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.ll

58.00
25.40
6.08
2.07
1.03
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2.03
.00
.81

.00

52.82
2s.90
r0.22

1.84

1.03

r.49
3.30

.00

.96

.00

53.'72
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10.40
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.03
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.09

.00
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1.53

.93
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.08

.81
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50.04
2'.7.49

10.30
2.06
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4.00

.04
1.00

.16
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.15

.;

59.04
20.90
10.74

2.28
t.l2

.88

3.46
.09
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.67
2.23

.06
1.02
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62.43
20.9r
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|.42
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2.55

.07

.93

.00
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2.46

.58
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.06
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.03

59.43 57.02
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97.53 97.74 96.38 100.05 99.98 96.65 97 .56 99.78 100. l0 99.30 99.50 98.20 100.00 101.90 100.20 100.90

- not determined
+ + total Fe as Fe2O3

Samples
l. Martinvaara (Tyrväinen 1983, Table 2:#ll).
2. Korusvaara (Tyrväinen 1983, Table 2:#12).
3. Seunuvaara (Tyrväinen 1983, Table 2:#13).
4. Mantovaara (Mikkola 1941, Table l4).
5. Petkula (Mikkola 1941, Table l3).
6. Laukkuvaara (Rask 1978, Table 6: #7).

7. Kuttuvaara (Rask 1978, Table 6: #8).
8. Laanivuotsonselkä (Mattila 197 4, Table 4: # 2).
9. Laukkuvaara (Leppänen 1985, Appendix l: # l).

10. Veneselkä (Leppänen 1985, Appendix l:#2).
ll. Papinmaa (Leppänen 1985, Appendix l:#3).
12. Kiurujoki (Leppänen 1985, Appendix 1:#4).

13. Laukkuvaara (Leppänen 1985, Appendix l:#6).
14. Laukkuvaara (Leppänen 1985, Appendix l:#7).
15. Laukkuvaara (Leppänen 1985, Appendix l:#8).
16. Laukkuvaara (Leppänen 1985, Appendix l:#9).
17. Laukkuvaara (Leppänen 1985, Appendix l: # l0).

Table 2. Chemical analyses. Metapelite. 

wt. 070 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 

Si02 57.66 60.28 61.35 52.87 53.20 58.00 52.82 53 .72 63.05 50.04 55.35 59.04 58.93 62.43 55.72 59.43 57.02 
AIP3 22.40 20.42 18.12 24.89 24.89 25.40 25.90 23.81 20.58 27.49 25.08 20.90 21.63 20.91 30.12 23.69 24.60 
Fe20 3++ 9.74 7.69 9.23 10.51 9.37 6.08 10.22 10.40 10.18 10.30 12.20 10.74 10.16 9.01 10.24 9.42 10.29 
MgO 1.17 1.54 2.16 2.10 1.79 2.07 1.84 3.15 1.68 2.06 1.93 2.28 1.76 1.53 2.46 1.75 2.09 
Cao .40 1.46 .72 .97 .59 1.03 1.03 1.16 1.53 2.15 1.36 1.12 1.67 1.42 .58 1.19 1.08 
Nap 2.33 2.22 .99 1.53 1.94 1.23 1.49 1.34 .93 2.66 .75 .88 .67 1.06 .74 .91 1.51 
K20 2.80 3.09 2.83 2.46 3.38 2.03 3.30 3.25 1.22 4.00 1.74 3.46 2.23 2.55 .83 2.66 3.01 
MnO .00 .03 .04 .09 .06 .00 .00 .03 .08 .04 .08 .09 .06 .07 .06 .06 .05 
Ti02 .86 .88 .80 1.19 1.20 .81 .96 .95 .81 1.00 1.05 .93 1.02 .93 1.02 .99 .89 
P20 S .16 .14 .13 .00 .00 .00 .00 .36 .02 .16 .15 .02 .00 .00 .03 . 10 .34 
H2O + 2.75 3.45 1.52 
H2O- .12 .11 .09 
CO2 .57 .00 
Cr20 3 .07 .06 .08 .06 .04 .05 .07 .05 .07 

Total 97.53 97.74 96.38 100.05 99.98 96.65 97.56 99.78 100. 10 100.05 99.30 99.50 98.20 100.00 101.90 100.20 100.90 

- not determined 
+ + total Fe as Fe203 

Sampies 
I. Martinvaara (Tyrväinen 1983, Table 2: # 11). 7. Kuttuvaara (Rask 1978, Table 6: # 8). 13. Laukkuvaara (Leppänen 1985, Appendix 1:#6). 
2. Korusvaara (Tyrväinen 1983, Table 2: # 12). 8. Laanivuotsonselkä (Mattila 1974, Table 4: # 2). 14. Laukkuvaara (Leppänen 1985, Appendix 1: #7). 
3. Seunuvaara (Tyrväinen 1983, Table 2: # 13). 9. Laukkuvaara (Leppänen 1985, Appendix 1: # 1). 15. Laukkuvaara (Leppänen 1985, Appendix 1: #8). 
4. Mantovaara (Mikkola 1941, Table 14). 10. Veneselkä (Leppänen 1985, Appendix 1: # 2). 16. Laukkuvaara (Leppänen 1985, Appendix 1:#9). 
5. Petkula (Mikkola 1941, Table 13). 11. Papinmaa (Leppänen 1985, Appendix 1: # 3). 17. Laukkuvaara (Leppänen 1985, Appendix 1:#10). 
6. Laukkuvaara (Rask 1978, Table 6: # 7). 12. Kiurujoki (Leppänen 1985, Appendix 1: #4). 
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Table 3. Point-counter analyses. Sodankylä quartzite.

l9t8t'l16l5t4l312lll0

Quartz
K-feldspar
Plagioclase
Rock grains+
Epidote
Opaques
Matrix
Micas
Others

56.4
20.4

1.5
4.2

17.5

40.9

19.0
1.0
3.8
l.l
.f

33;7

.0

47.0
9.6
2.0

.4

1.4

39.0

.6

53.7
14.7

1.3
2.0
3.0

25.3

.0

5l.l
t5.4
23.1

9.2
1.2

46.1
2t.7
14.0

58.9
16.6

8.3

.0

.8

l3.6
1.8

67.5
10.3

12.0

.6

7.6
2.0

61.7
t7.0
3.1

7)
1.8

10.4
2.8

53.9
10.1

14.7

2.1

.6

15.5

3.1

70.8

R7

49.6
1.5

.0

.0
48.3

.4

JJ. I

2.0
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2.8

55.3
1.0

38.7
1.0

4.4

1.6
l.l

)). )
.7

30.8

2.8

8.4
3.3

54.2
.J

34.3

2.1

2.3

58.2
3.1

29.6

2.6

))

64.7
.9

16.8

t.4
20.5

.5

40.7 42.6
.0

2.t 2.8

5.6
2.9 .6

52.4 47.7
1.9 .7

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 103.0 100.0 100.0 100.0 100.0

* Polymineralic and lithic fragments

Samples
l. Feldspathic quartzite, Ruonivaara (Saverikko 1977,Table 5:#2).
2. Feldspathic quartzite, Ruonivaara (Saverikko 19'77 , Table 5: # 3).
3. Feldspathic quartzite, Ruonivaara (Saverikko 1977, Table 5: # 4\.
4. Feldspathic quartzite, Seunuvaara (Saverikko 1977, Table 5: #5).
5. Arkose quartzite, Viiankiaapa (Tyrväinen 1983, Table l:#2).
6. Arkose quartzite, Kelukoski (Tyrväinen 1983, Table l: #3).
7. Arkose quartzite, Passuvannonkaarko (Rask 1978, Table 2: # l).
8. Feldspathic quartzite, Rantavaara (Rask 1978, Table2 #2).
9. Feldspathic quartzite, Rantavaara (Rask 1978, Table 2:#3).

10. Feldspathic quartzite, Sepruvaara (Rask 1978, Table 2: #4).

ll. Sericite quartzite, Pittiövaara (Tyrväinen 1983, Table l:#4).
12. Sericite quartzite, Tepsanniemi (Saverikko 1977, Table 5: # l).
13. Sericite quartzite, Kelujoki (Rask 1978, Table 3: # l).
14. Sericite quartzite, Petsiäinen (Rask 1978, Table 3:#2).
15. Sericite quartzite, Aikionniemi (Rask 1978, Table 3: #3).
16. Sericite quartzite, Sepruvaara (Rask 1978, Table 4: # l).
17. Sericite quartzite, Nuolikirkko (Rask 1978, Table 4:#2).
18. Sericite quartzite, Niemiselkä (Rask 1978, Table 4: #3).
19. Sericite quartzite, Lauttakuusikko (Rask 1978, Table 4:#4).

N 

8 

Table 3. Point-counter analyses. Sodankylä quartzite. 

2 

Quartz 56.4 40.9 
K-feldspar 20.4 19.0 
Plagioclase 1.5 1.0 
Rock grains + 4.2 3.8 
Epidote l.l 
Opaques .5 
Matrix 17.5 33.7 
Micas 
Others .0 

Total 100.0 100.0 

+ Polymineralic and lithic fragments 

SampIes 

3 4 

47.0 53.7 
9.6 14.7 
2.0 1.3 

.4 2.0 
1.4 3.0 

39.0 25.3 

.6 .0 

100.0 100.0 

5 

51.1 
15.4 
23.1 

9.2 
1.2 

100.0 

I. Feldspathic quartzite, Ruonivaara (Saverikko 1977, Table 5: #2). 
2. Feldspathic quartzite, Ruonivaara (Saverikko 1977, Table 5: # 3). 
3. Feldspathic quartzite, Ruonivaara (Saverikko 1977, Table 5: #4). 
4. Feldspathic quartzite, Seunuvaara (Saverikko 1977, Table 5: # 5). 
5. Arkose quartzite, Viiankiaapa (Tyrväinen 1983, Table 1: #2). 
6. Arkose quartzite, Kelukoski (Tyrväinen 1983, Table I: # 3). 
7. Arkose quartzite, Passuvannonkaarko (Rask 1978, Table 2: # 1). 
8. Feldspathic quartzite, Rantavaara (Rask 1978, Table 2: # 2). 
9. Feldspathic quartzite, Rantavaara (Rask 1978, Table 2: #3). 

10. Feldspathic quartzite, Sepruvaara (Rask 1978, Table 2: # 4). 

6 

46.1 
21.7 
14.0 

16.8 
1.4 

100.0 

7 

58.9 
16.6 
8.3 

.0 

.8 

13.6 
1.8 

100.0 

8 9 

67.5 61.7 
10.3 17.0 
12.0 3.1 

3.2 
.6 1.8 

7.6 10.4 
2.0 2.8 

100.0 100.0 

10 

53.9 
10. 1 
14.7 

2.1 
.6 

15.5 
3.1 

100.0 

11 

70.8 

8.2 

20.5 
.5 

100.0 

12 

49.6 
1.5 

.0 

.2 

.0 
48.3 

.4 

100.0 

11. Sericite quartzite, Pittiövaara (Tyrväinen 1983, Table 1: # 4). 

13 

33.1 

2.0 

5.8 
2.8 

55.3 
1.0 

100.0 

12. Sericite quartzite, Tepsanniemi (Saverikko 1977, Table 5: # 1). 
13. Sericite quartzite, Kelujoki (Rask 1978, Table 3: # 1). 
14. Sericite quartzite, Petsiäinen (Rask 1978, Table 3: #2). 
15. Sericite quartzite, Aikionniemi (Rask 1978, Table 3: # 3). 
16. Sericite quartzite, Sepruvaara (Rask 1978, Table 4: # I). 
17. Sericite quartzite, Nuolikirkko (Rask 1978, Table 4: # 2). 
18. Sericite quartzite, Niemiselkä (Rask 1978, Table 4: # 3). 
19. Sericite quartzite, Lauttakuusikko (Rask 1978, Table 4: #4). 
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Fig. I l. Rhythmic sedimentary structures in feldspathic sand of the Sodankylä quartzite. The examples are from loose boulders. - Above
left: Convoluted silty laminae beneath a thick set of laminated sand. Several interfaces of laminated sand have been touched up by pencil
on the weathering surface. About 3 km east of Sodankylä. - Above right: Equigranular sand in which a convoluted and festoon-like
cross-bedded bedset is bounded by laminated interlayers. On a forest lorry road on the way to Nuolikirkko. - Below left: Incipient load
structure of sand upon silty laminae. About 3 km east of Sodankylä. - Below right: Scattered mud pebbles embedded in massive sand.
Pebbles are marked by pencil on the weathering surface parallel to the bedding plane. On a forest lorry road on the way to Nuolikirkko.

the bedset of thicker strata is often cross-bedded
but the lower part may be of laminated sand that
is locally convoluted or loaded. Convolute bed-
ding has also developed in the laminated, common-
ly rippled, silty sand bedset rich in sericite. Mud
pebbles are present but uncommon in the massive
to laminated coarse sand beds. Conglomeratic
variations are encountered in only a few rate sites

south of the Kaarestunturi hill, where individual,
highly rounded pebbles are vein quartz.

The sand of arkosic arenite to quartz wacke
(Table 3) is composed of monocrystalline-to-
polycrystalline quartz, cataclastic K-feldspar and
plagioclase (An 2l-35), quartzose siltstone and
quartz-feldspar grains: heavy minerals are tour-
maline, apatite and zircon, and perhaps epidote.
The sand grains are clearly rounded, the highest
degree of roundness being in the distal bimodal
sand, which is laminated fine sand with floating
grains of medium to very coarse sand that locally
constitute distinct laminae. Most of the original
muddy lithic fragments are squashed, now con-

stituting interstitial silty material and pseudo-
matrix. The matrix proper is rich in sericite accom-
panied by brownish mica, opaque minerals and
cryptocrystalline quartz.

The thinly interbedded silt and mud, now trans-
formed into the banded sericite qvartzite, are
stacked in laminae of homogeneous or graded
texture, varying from quartz wacke to quartzose
mudstone. The original muddy material is now a
sericitic mass with chlorite, epidote and opaque
minerals and largely converted into small por-
phyroblasts of biotite; the silty material contains
plagioclase (An l0-15) in excess of K-feldspar.
Close to the interpreted deltaic sand bodies or in
the lower fan, Bouma cycles succeed one another
after an interruptive emergence seen as shrinkage
of the muddy top (Figs. 12). The mud cracks with
or without haematite accumulations in the silty fill
are locally common, and ripple marks of lenticular
to flaser bedding (Figs. 13) may be more widely
spread but of limited occurrence. Syndepositional
deformation structures are also encountered.
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Fig. 11 . Rhythmic sedimentary structures in feldspathic sand of the Sodankylä quartzite. The examples a re from loose boulders. - Above 
left: Convoluted silty laminae beneath a thick set of laminated sand . Severa l interfaces of laminated sand have been touched up by penci l 
on the weathering sur face. About 3 km east of Sodankylä. - Above right : Equigranular sand in which a convoluted and festoo n-like 
cross-bedded bedset is bounded by laminated interlayers. On a fo rest lorry road on the way to Nuoliki rkko. - Below left: Incipient load 
structure of sand upon silty laminae. About 3 km east of Sodankylä. - Below right: Scattered mud pebbles embedded in massive sand . 
Pebbles are marked by pencil on the weathering surface parallel to the bedding plane. On a forest lorry road on the way to Nuolikirkko. 

the bedset of thicker strata is often cross-bedded 
but the lower part may be of laminated sand that 
is locally convoluted or loaded. Convolute bed
ding has also developed in the laminated, common
ly rippled, silty sand bedset rich in sericite. Mud 
pebbles are present but uncommon in the massive 
to laminated co ar se sand beds. Conglomeratic 
variations are encountered in only a few rate sites 
south of the Kaarestunturi hill, where individual, 
highly rounded pebbles are vein quartz. 

The sand of arkosic arenite to quartz wacke 
(Table 3) is composed of monocrystalline-to
polycrystalline quartz, catac1astic K -feldspar and 
plagioc1ase (An 21-35), quartzose siltstone and 
quartz-feldspar grains: heavy minerals are tour
maline, apatite and zircon, and perhaps epidote. 
The sand grains are c1early rounded, the highest 
degree of roundness being in the distal bimodal 
sand, which is laminated fine sand with floating 
grains of medium to very coarse sand that locally 
constitute distinct laminae. Most of the original 
muddy lithic fragments are squashed, now con-

stituting interstitial silty material and pseudo
matrix. The matrix proper is rich in sericite accom
panied by brownish mica, opaque minerals and 
cryptocrystalline quartz. 

The thinly interbedded silt and mud, now trans
formed into the banded sericite quartzite, are 
stacked in laminae of homogeneous or graded 
texture, varying from quartz wacke to quartzose 
mudstone. The original muddy material is now a 
sericitic mass with chlorite, epidote and opaque 
minerals and largely converted into small por
phyroblasts of biotite; the silty material contains 
plagioc1ase (An 10-15) in excess of K-feldspar. 
Close to the interpreted deltaic sand bodies or in 
the lower fan , Bouma cyc1es succeed one another 
after an interruptive emergence seen as shrinkage 
of the muddy top (Figs. 12). The mud cracks with 
or without haematite accumulations in the silty fill 
are locally common, and ripple marks of lenticular 
to flaser bedding (Figs. 13) may be more widely 
spread but of limited occurrence. Syndepositional 
deformation structures are also encountered. 
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Fig. 12. Primary structures of the Sodankylä quartzite in the transitional zone between feldspthic quartzite and sericite quartzite. Local
boulders occur on a forest lorry road on the way to Nuolikirkko - Abo.re: Bouma cycles and divisions most likely repeatäd in successive
floods. - Below left: Skeleton of shrinkage cracks in relict sandy fill after disintegration of muddy material; rippli-bedding of underlying
silt is clear. - Below right: Haematite concentrations in fill of mud cracks.

Fig. 13. Thinly interbedded silty and muddy detritus in the Sodankylä quartzite. Local boulders
occur on a forest lorry road on the way to Nuolikirkko. - Left: Lenticular, wavy or flaser bedding
with sandy silt content increasing upwards, which may imply progradation of the nearby fan.

- Middle: Close-up of the lenticular bedding; distinct internal structures of several ripple marks,
esp. the foreset laminae together with obscure stoss-side laminae, indicate lefrto-right direction
of current movements. - Right: Soft-sediment deformational structures in banded sericite
quartzite.
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Fig. 12. Primary structures of the Sodankylä quartzite in the transitional zone between feldspthic quartzite and sericite quartzite. Local 
boulders occur on a forest lorry road on the way to Nuolikirkko - Above: Bouma cycles and divisions most likely repeated in successive 
floods. - Below left: Skeleton of shrinkage cracks in relict sandy fill after disintegration of muddy material; ripple-bedding of underlying 
silt is deaL - Below right: Haematite concentrations in fill of mud cracks. 
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Fig. 13. Thinly interbedded silty and muddy detritus in the Sodankylä quartzite. Local boulders 
occur on a forest lorry road on the way to Nuolikirkko. - Left: Lenticular, wavy or flaser bedding 
with sandy silt content increasing upwards, wh ich may imply progradation of the nearby fan. 
- Middle: Close-up of the lenticular bedding; distinct internal structures of several ripple marks, 
esp. the foreset laminae together with obscure stoss-s ide laminae, indicate left-to-right direction 
of current movements. - Right: Soft-sediment deformational structures in banded sericite 
quartzite. 
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SEDIMENTATION

The marker bed of conglomerate-pebbly-
greywacke-slate shows the hallmarks of debris
flows and turbidity currents, described by Midd-
leton and Hampton (1976). According to walker
(1978), the initiation of flow in highly concentrated
debris flows may be attributed to slump and slide,
the main reasons for which are usually severe
earthquakes (Hampton and Bouma 1977). Such
an operational force may have been the sharp up-
lift of the granitic basement blocks; viz. local but
thick arkose accumulations such as the Orakoski
arkose are formed if subsidence occurs contiguous
to the elevated basement blocks (Pettijohn et ol.
1973, p. 184). The thin redbed blanket at the base
may represent the granite wash from the remnant
hills of Saamian gneisses that rose above the Salla
greenstones.

The coarse arkosic detritus of the Orakoski ar-
kose suggests that the granitic provenance con-
sisted almost entirely of cataclastic gneissose rocks
with pegmatitic portions or K-feldspar megacrysts
and that it was penetrated by quartz veins. Dur-
ing transportation small amounts of material from
the muddy member of the marker were incor-
porated in the sediment. The poorly sorted, im-
mature and coarse-grained sand of the Orakoski
arkose implies alluvial fans, the heads of which
are usually incised by the main stream channel
(Hooke 1967).It is therefore reasonable to regard
the lowermost arkosic strata together with the
Huhtakumpu conglomerate as the upper fan seg-
ment; the conglomerate has attributes of the
braided-stream gravelly deposits reported by
Doeglas (1962) and Williams and Rust (1969), and
according to Doeglas (1962), minor amounts of
fines generally indicate a deposit from a moun-
tainous river. The arkosic fan is characterized by
channel-fill cross-beds with channel-lag gravel.
Such sequences are the stream-channel deposits of
braided rivers so typical of upper fan segments and
midfan areas (see Reineck and Singh 1980, p. 302).

The top parts consist of interbedded blanket-like
units of sand and silt, variously laminated or dis-
playing small-scale festoon cross-beds or wave
ripples, which are peculiar to distal fan facies (Rei-

neck and Singh 1980, pp. 302-303). Hence, the
Orakoski arkose appears to grade in vertical sec-

tion from the fanhead at the base through the mid-
fan to the distal fan at the top.

Subsequently, a huge quantity of muddy debris
was laid down at considerable depth on the basin
plain, while the numerous local interbeds of
quartzite (Räsänen 1977) north of the Pittiövaara
hill may represent the distal zone of the lower sub-

marine fan of Walker (1967, 1984). This is con-
sistent with the finding that the pelitic material ap-
pears to increase in maturity eastwards (Tyrväi-
nen 1983) but also northwards as the individual
strata apparently become thinner: the turbidity
currents may have pointed to the northeast. Tur-
bidity currents developed suddenly in shallow
standing water, too, in sites marked by oscillation
ripple-marks (see Pettijohn 1975, p. lll).

Inasmuch as metamorphism does not radically
change the chemical composition of the pelite
(Shaw 1956), the debris was largely residual clay
(Fig. l4). Reimer (1985) describes aluminous
palaeosoil profiles on mafic metavolcanics, with
chemical trends apparently similar to that of the
metapelite. In that case, the residue may have been
supplied by the Salla greenstone complex, as sug-
gested by the relative abundance of plagioclase and
magnetite, because the complex includes iron de-
posits and felsic metavolcanics (Haimi 1977, Sa-
verikko and Manninen l98l). The volcanics must
have formed fault mountains or other landforms
of high relief to ensure sufficient feed.

Emergence coupled with minor eruptions is
manifested by platy flow structures in the green-

stone (Saverikko 1977), which require subaerial
conditions to develop (Macdonald 1972), and by
the distinct clayey flasers in the calc-silicate rock,
resembling tidal bedding with only little mud avail-
able (see Reineck and Singh 1980, pp. 123-125).
The intraformational conglomerate and breccias
have been attributed to local tectonic instability.

The variously convoluted composite bedset of
the Sodankylä quartzite is very much like the strata
on flood plains (McKee et ol. 1967), on shoreface
(Reineck and Singh 1980, pp. 382-386) or in
braided channel bars (Coleman 1969) approaching
the South Saskatchewan type of Miall (1978). The
action of repeated floods is visible in the Bouma
cycles with mud cracks and in varying bimodality
of the sand. Tyrväinen (1983) has documented
rhythmic admixture of silt and infrequent fines in
3 to 5-m-thick interlayers of graded or massive
beds, which are locally covered with calcareous
laminae. But heavy minerals, haematite in this con-
text, are accumulated in placer deposits in the
backshore parts of a beach (Gadow and Reineck
1968): haematite occurs in distinct layers south of
the Kitinen (Haimi 1977).

Muddy sediments of the Sodankylä quartzite
overlapped the feldspathic sands, corresponding
fairly well with flood-basin sediments, which are

alluvial fines with some sandy or silty interlami-
nae (Allen 1965), or shelf muds with sandy storm
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Subsequently, a huge quantity of muddy debris 
was laid down at considerable depth on the basin 
plain, while the numerous local interbeds of 
quartzite (Räsänen 1977) north of the Pittiövaara 
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marine fan of Walker (1967, 1984). This is con
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pears to increase in maturity eastwards (Tyrväi
nen 1983) but also northwards as the individual 
strata apparently become thinner: the turbidity 
currents may have pointed to the northeast. Tur
bidity currents developed suddenly in shallow 
standing water, too, in sites marked by oscillation 
ripple-marks (see Pettijohn 1975, p. 111). 
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change the chemical composition of the pelite 
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metapelite. In that case, the residue may have been 
supplied by the Salla greenstone complex, as sug
gested by the relative abundance of plagioclase and 
magnetite, because the complex includes iron de
posits and felsic metavolcanics (Haimi 1977, Sa
verikko and Manninen 1981). The volcanics m ust 
have formed fault mountains or other landforms 
of high relief to ensure sufficient feed . 

Emergence coupled with minor eruptions is 
manifested by platy flow structures in the green
stone (Saverikko 1977), which require subaerial 
conditions to develop (Macdonald 1972), and by 
the distinct clayey flasers in the calc-silicate rock, 
resembling tidal bedding with only little mud avail
able (see Reineck and Singh 1980, pp. 123-125). 
The intraformational conglomerate and breccias 
have been attributed to local tectonic instability. 

The variously convoluted composite bedset of 
the Sodankylä quartzite is very much like the strata 
on flood plains (McKee et al. 1967), on shoreface 
(Rein eck and Singh 1980, pp. 382-386) or in 
braided channel bars (Coleman 1969) approaching 
the South Saskatchewan type of Miall (1978). The 
action of repeated floods is visible in the Bouma 
cycles with mud cracks and in varying bimodality 
of the sand. Tyrväinen (1983) has documented 
rhythmic admixture of silt and infrequent fines in 
3 to 5-m-thick interlayers of graded or massive 
beds, which are locally covered with calcareous 
laminae. But heavy minerals, haematite in this con
text, are accumulated in placer deposits in the 
backshore parts of a beach (Gadow and Reineck 
1968): haematite occurs in distinct layers south of 
the Kitinen (Haimi 1977). 

Muddy sediments of the Sodankylä quartzite 
overlapped the feldspathic sands, corresponding 
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Fig. 15. Compositional features of the Orakoski arkose and Sodankylä quartzite (Tables l, 4) according to classification of (A) Dott (1964)
or (B) Pettijohn (1957).

layers (see Reineck and Singh 1972). All the tran-
sitions from flasers through wavy bedding to len-
ticular bedding developed, the preferred environ-
ment being tidal flats (Reineck and Singh 1980,
ll2-l l8). A tidal palaeoenvironment can also be
recognized elsewhere in the area of the Sodankylä
quartzite (Nikula 1985). Moreover, soft-sediment
deformational structures are fairly frequent, as is
generally the case with lagoonal sediments (Loon
and Wiggers 1976).

The felspathic sand of the Sodankylä quartz-
ite is recycled from the Orakoski arkose or derives
from the same source, that is, from the cataclastic
granite gneisses penetrated by quartz veins. The
arkose quartzites are similar in mineralogical com-
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position (Fig. l5), except for the numerous silty
fragments in the Sodankylä quartzite. Their pelitic
parentage may be suggestive of uplift and erosion
in the lowland, thus explaining the lack of meta-
pelite between the Orakoski and Sodankylä quartz-
ites, south and west of the Kitinen. Also, the well-
rounded quartz (and feldspar) grains of coarse
sand are probably recycled material from the Ora-
koski arkose, and the alluvial arkosic fines appear
to have been mixed with the reworked pelitic de-
bris and deposited in the quartzite-slate suite,
which is less mature than the metapelite in chemi-
cal and mineralogical composition (see Nikula
1985). (editors' note: see also Nikula, this Volume)
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sitions from flasers through wavy bedding to len
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ment being tidal flats (Reineck and Singh 1980, 
112-118). A tidal palaeoenvironment can also be 
recognized elsewhere in the area of the Sodankylä 
quartzite (Nikula 1985). Moreover, soft-sediment 
deformational structures are fairly frequent, as is 
generally the case with lagoonal sediments (Loon 
and Wiggers 1976). 

The felspathic sand of the Sodankylä quartz
ite is recycled from the Orakoski arkose or derives 
from the same source, that is, from the cataclastic 
granite gneisses penetrated by quartz veins. The 
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in the lowland, thus explaining the lack of meta
pelite between the Orakoski and Sodankylä quartz
ites, south and west of the Kitinen. Also, the well
rounded quartz (and feldspar) grains of coarse 
sand are probably recycled material from the Ora
koski arkose, and the alluvial arkosic fines appear 
to have been mixed with the reworked pelitic de
bris and deposited in the quartzite-slate suite, 
which is less mature than the metapelite in chemi
cal and mineralogical composition (see Nikula 
1985). (editors' note: see also Nikula, this Volume) 
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TECTONIC OUTLINES

The fault sets and linear arrangement of volcanic
vents and intrusive bodies indicate crustal fractures
that, trending regularly northwest and northeast,
bound fault blocks (Fig. l6). The following frac-
tures have been recognized.

The northwesterly block boundary, adjacent to
the Koitelainen gabbro, is reflected in gabbro plugs
disposed in a linear array in the supracrustal cover
crossing the fault set (Mattila 1974, Saverikko
1978) and in fractures in the Koitelainen gabbro
(Isomaa 1978).It also cuts the tract of graphitic
slates and joins up with the Tenniöjoki fracture.

The Kelujärvi fault set, which trends in the same
direction, turns to the south and is revealed by a
volcanic vent (Saverikko 1985), hydrothermal
alteration zone present in a voluminous deposit of
kaolin (Hyyppä 1977), and a gabbro plug (Rask
1978).

The block boundary to the northwest of the Sat-
tasvaaracinder cone (Saverikko 1985) is indicated
by a buried fault scarp in the Saamian basement
complex, where the southwestern block has sub-
sided by about 3 km (Lanne 1979, Kallio 1980),
which is the thickness of the Oraniemi association
deposited on the block. Saverikko et al. (1985)
regard it as part of the main fracture that continues
to eastern Soviet Karelia.

The position of the fracture at Luosto has been
inferred by Aarnisalo (1978), who, it is true, con-
sidered it to be much longer and more significant
than is proposed here.

These rift faults are intersected by a fault-
bounded trough. The Sattanen fracture can be de-
fined by three gabbro plugs and the elongated lava
field of amphibolite adjoining the Oraniemi asso-

ciation. Also, the Lower Lapponian quartzite dis-
plays slump folds and the metapelite includes an
unusual conglomerate (Saverikko 1978) along the
fracture zone. The Vanttioselkä fracture, also de-
tected by Aarnisalo (1978), follows the line of vol-
canic vents that start at Sattasvaara (Saverikko
1985). The position of the opposite border of the
tectonic trough, or the Oraniemi aulacogen, is
much easier to infer than to establish. (The aula-
cogen is understood here as a tectonic trough on
a craton. Opening outwards, the trough has a

radial orientation relative to the craton and is not
necessarily linked to the plate tectonic paradigm.)
Just as north of the Oraniemi area (Saverikko
1978), the strata are overturned to the southeast
and south (Mattila 1974, Saverikko 1977, Leppä-
nen 1985), indicating a tectonic resistant area in
the southeast; its edge may follow the en-echelon
fault set at the margin of the Oraniemi associa-

tion. If the zigzagpattern of the folds (Haimi 1977)
west of the Luosto hill is associated with sinistral
faulting, it is not of the same generation as the en-
echelon faults of dextral movements. The feeder
of a gabbro sill at Rahkavaara, a hill of plug-like
shape, is suggested by the variation in the thick-
ness of the sill and by the least disharmonic folds
in the gliding zones (Saverikko 1977).

The rift (Fig. l7), which has long been regarded
as a tectonic belt (Mikkola and Vuorela 1977 ,Tal-
vitie 1977, Aarnisalo 1978, Tuominen et al. l98l),
is made up of the Tenniöjoki (see Aarnisalo 1978)

and Sattasvaara-Kummitsoiva (Saverikko e/ a/.
1985) fractures, as noted also by Talvitie (1977).
Both fractures can be traced farther southeast as

aligned volcanic vents and intrusive bodies (Kuli-
kov et sl. 1980). Tectonic brecciation (Hackman
and Wilkman 1929) is also characteristic of the
Tenniöjoki block boundary in the Soviet Union,
whereas in the northwest the fracture is only ap-
parent on geophysical maps. The opposite rift
shoulder at Jeesiö (Lanne 1979, Kallio 1980) ex-
hibits vertical displacement of 3 km, and at Aat-
singinhauta ("Aatsinki's Fault Valley") the 30 km
long fault valley, supplied by parallel vertical dia-
bases and thick quartz veins, separates the tightly
folded tract of Salla greenstones on the east side
from the rather flatJying, quartzite-dominant
strata on the west side (Saverikko and Manninen
l98l). The subsided area of tightly folded meta-
volcanics (Hackman and Wilkman 1929) is here
called the Kuolajärvi graben instead of the
Paanajärvi-Kuolajärvi synclinorium (Kulikov e/
a/. 1980).

Hackman and Wilkman(1929) refer to the Kit-
ka-Oulanka synclinal trough, which is bounded
by the Kitka, Oulankajoki, Sieppijärvi and Paa-
najärvi fractures. The Rukajärvi fracture, which
Salop (1971) regards as a megablock boundary,
is delineated according to Silvennoinen (1972). The
synclinal trough has also been inferred by Gaäl
(1986), who describes it as an obvious but early
Proterozoic aulacogen.

The other fractures are also worth mentioning.
The fault at Nuttio is indicated by a line of ultra-
mafic plugs (Kallio 1980), and that at Koitelainen
by a feeder fissure of the gabbro laccolith (Puus-
tinen 1977), and by fractures (Isomaa 1978) and
a volcanic vent (Saverikko 1978). The small blocks
in the Kummitsoiva area are revised after Save-
rikko (1983). The Koillismaa fracture is manifested
by a hidden feeder fissure of layered gabbro intru-
sions (Alapieti 1982), and the Lokka fracture can
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Paanajärvi-Kuolajärvi synclinorium (Kulikov et 
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Fig. 17. Block faulting in eastern Finn-
ish Lapland. - A. Inferred crustal frac-
tures and their superficial evidence. -B. Outline of riftal framework.

be vaguely inferred by remote sensing (Aarnisalo
1978) and coincidental abruption of the supra-
crustals. But above all, the granulite arc shows
evidence of a pre-existing intraplate trench (Bar-
bey et al. 1980), regarded as Archaean (Meriläi-
nen 1976, Saverikko 1987) or Proterozoic in age

I Uotic or ultromotic intrusion, O Volconic vent, O Feeder of gdbbro
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boundory.

LAPPONIAN ROCK UNITS:
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(Barbey et ol. 1984), in which the khondalite suite
is in parentage (Barbey et ol. 1980, 1982) much
like the Oraniemi association (Saverikko 1987); the
trench is here understood simply as the Iivalo rift
or graben (Iivalo, Awel : original names of the
village of Ivalo).

28'30'

20'l

. . Geological Survey of Finland, Special Paper 5 
The Oramernl arkose-slate-quartzite association: An Archaean aulacogen fill in northern Finland 

o 

< 

m 

z 

.' 
\".~ I B loc k b oundary 

50 K M 
~.~ .... ""~,.."m .... _ .. ,,,.,,~ 

LAPPONIAN ROCK UNITS : 

D Lower 1' ·::: :1 Middle ..... . F\:,:::'''j U p per 50 km 

Igggg~ GRANULITE COMPLEX 

L __ ., ______ .--I 

• Marie or ultramofic i ntrusion I o Volcanic vent I ® Feed er 01 gobbro 
Fig. 17. Block faulting in eastern Finn-
ish Lapland. - A, Inferred crustal frac- sill , cf) G ro ni te stock, / Morgi n 01 relict poloeobo si n , I Block 
tures and their superficial evidence. -
B. Outline of riftal frarnework. boundary . 

be vaguely inferred by remote sensing (Aarnisalo 
1978) and coincidental abruption of the supra
erustals. But above all , the granulite are shows 
evidenee of a pre-existing intraplate treneh (Bar
bey et al. 1980), regarded as Arehaean (Meriläi
nen 1976, Saverikko 1987) or Proterozoie in age 

(Barbey et al. 1984), in which the khondalite suite 
is in parentage (Bar bey et al. 1980, 1982) mueh 
like the Oraniemi assoeiation (Saverikko 1987); the 
treneh is here understood simply as the Iivalo rift 
or graben (livalo, Avvel = original names of the 
village of Ivalo). 
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REGIONAL CORRELATIONS

The sequences in the Oraniemi and Kitka-
Oulanka aulacogens are stratigraphically compat-
ible (Saverikko 1987) and appear to have deposited
discontinuously in the course of analogical
tectono-sedimentary evolution (Fig. 18). This is
summarized here in broad outline for the Kitka-
Oulanka aulacogen, according to Silvennoinen
(1972), and commented on in brief.

Here, too, the volcaniclastic marker contains
pebbles of greenstones, granite and quartzites
(Hackman and Wilkman 1929), and starts the first
transgressive cycle of the quartzite-dolomite-
slate suite of the cratonic facies of Pettijohn (1975,
p. 573). The massive beds of coarse feldspathic
sand may have been deposited by grain flows on
a submarine fan (see Walker 196'7, 1984\. Shelf
conditions with fluctuating water level distin-
guished the sedimentation of dolomitic fines and
the action of algae (Pekkala 1985), and the suite
fits well into the stromatolitic (tidal flat) facies of
Pettijohn (197 5, p. 372). The reducing conditions
(Pekkala 1985) may be indicative of a lagoon be-
hind a barrier beach, and the quartzose silt at the
top include heavy mineral laminae in regular par-
allel strata like those in shore plains (see Russell
and Mclntire 1965, Champbell 1971). Lava fields
of agglutinatic,/cinderitic nature evolve in subaerial
eruptions (Macdonald 1972, p. 128) confirming
subsequent emergence.

The second cycle comprises graded beds of ar-
kosic, argillic or dolomitic silt with marked abun-

dances of haematite. The strata may represent
sandy storm layers (cf. Gadow and Reineck 1969,

Kelling and Mullin 1975) but mud drapes with
shrinkage cracks and overlying quartz sand in the
upper part indicate that a beach plain formed after
progradation. At the top, a pure dolomite of
oxidized origin (Pekkala 1985) most likely denotes
a littoral environment as was usual during Pre-
cambrian carbonate sedimentation (Veizer 1973).
The sediments were covered with a lava plain of
massive flows with highly vesicular crusts and with-
out signs of subaqueous eruption.

The third cycle begins with volcaniclastic and
dolomitic debris, which is succeeded by an upward-
coarsening pile of bimodal sandy silt/silty sand
with cracked muddy interbeds, bearing a strong
resemblance to the Sodankylä quartzite. Prevalent
low-angle cross-beds, as far as being of antidune
origin, and sharpstone conglomerates may imply
rapid flow conditions (Reineck and Singh 1980,
p. 47 , Hand et al. 1972) in the surge zone as sug-
gested by frequent ripple marks. The following ac-
cumulation of quartz sand may have formed
tidal deposits, (see Klein l97l , 1972), supported
by cracked clayey interbeds in the Rukatunturi
quartzite, but the deposits may also be products
of surf action (see Pettijohn et al. 1973, p.227).

According to Silvennoinen (1972, 1985), this se-
quence was earlier considered to be Karelian, or
more correctly, Jatulian but Laajoki (1986b) has
recorded the Central Puolanka metapelite-

Trona9...!iY. ctclaa

ORANIEMI

3.dim.nl.

KITKA.OULANKA
Trona9r..riv. cyct..
p o ro.o.n Y i ron m.nt.UXINIC-EXHALATIVE SEDIMENTITIO

sro.m andr. tidol
dom;^or.d.h.rr

Fig. 18. Stratigraphic and depositional evolutionary correspondence between the Oraniemi and Kitka-Oulanka aulacoeens
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gl Rilt, holt-ritt or interred megobtock boundqry

Fig. 19. Megablocks in Lapland. Fractures in the western part are revised after Talvitie (1977) and Aarnisalo (1978) on the basis of the
location of small intrusions (Lehtonen et ol. 1985a, b) and some major faults (Hiltunen 1982, Witschard 1984). The Karasjok fracture
approximates roughly the graben mentioned by Often (1985), and the Kemi fracture is thought to include the iron ore area at Misi (Nuuti-
lainen 1968). Thus the main ore fields in the north (A. Mikkola 1980) are concentrated at the borders of the Lappmark megablock, which
has subsided 3-5 km (Lanne 1979). Note that, in distribution, the granulites show a relation to the Middle Lapponian rather than to
the Karelian metasediments

Kemin-Lappi is old-Finnish name for the country, through which the rift strikes in Finland, and the subsided megablock consists in
the bulk of the area known previously as Lappmark (old-Swedish name).

quartzite association beneath the Jatulian rocks
in the south and compared it to the Oraniemi as-
sociation. Other metasediments ambivalent in
chronostratigraphy can be traced in the middle part
of the Lapponian Supergroup in northern Sweden
and Norway: the Pahakurkio quartzite-slate as-
sociation (Padget 1970, Niiniskorpi 1986), the Masi
feldspathic quartzite (Solli 1983), rhe Oal'gejäkka
metasandstone (Elvebakk et al. 1985) and the
Neverskrukk arkosic conglomerate (Hausen 1926,
Sederholm 1930). The Oraniemi association with
these inferred correlative rocks is not an orphane
on global scale despite the rarity of compatible
rocks in the Archaean (Lowe 1982, Ojakangas
1985), because the Pongola and Witwatersrand
Supergroups in South Africa are cratonic meta-
sediments of riftal origin (Burke et al. 1985, Eriks-
son and Donaldson 1986). What is more, the Ar-
chaean riftal sedimentation prior to 2.75 Ga is
documented at Ilomantsi, in eastern Finland (La-
vikainen 1977).

The riftal framework in Lapland (Fig. l9) con-
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forms to the view that the Archaean continental
crust may have been fissured into separate mega-
blocks that moved relative to one another forming
tracts suitable for the development of greenstone
belts, such as continental or oceanic rifts (Condie
1980, Goodwin 1981, Kröner l98l). The relevance
of the aulacogens in question to block movements,
domal uplift and mantle upwelling is discussed by
Saverikko (1987, 1988).

Acknowledgements. Prof. R.W. Ojakangas of
the University of Minnesota reviewed kindly the
sedimentologic terminology without personal
f"T$lry with the study area.

Editors' note: As the author mentions in his introduction the
chronostratigraphy of central Lapland is controversial. Fur-
thermore, the structural geology of this area has not yet been
established. Hence, it is possible that the stratigraphic, sedi-
mentological and tectonic ideas presented in this paper are
not valid in every respect; for instance, the Orakoski arkose
and the Sodankylä quartzite may represent one and same
formation (J. Räsänen, oral communication presented at the
Oulu symposium). Also the correlation of the sequences of
this study with those of Kuusamo calls for critical reading.
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documented at Ilomantsi, in eastern Finland (La
vikainen 1977). 

The riftal framework in Lapland (Fig . 19) con-

14 

forms to the view that the Archaean continental 
crust may have been fissured into separate mega
blocks that moved relative to one another forming 
tracts suitable for the development of greenstone 
belts, such as continental or oceanic rifts (Condie 
1980, Goodwin 1981, Kröner 1981). The relevance 
of the aulacogens in question to block movements, 
domal uplift and mantle upwelling is discussed by 
Saverikko (1987, 1988). 

Acknowledgements. Prof. R.W . Ojakangas of 
the University of Minnesota reviewed kindly the 
sedimentologic terminology without personal 
familiarity with the study area. 

Editors' note: As the author mentions in his introduetion the 
ehronostratigraphy of eentral Lapland is eontroversial. Fur
thermore , the struetural geology of this area has not yet been 
established. Henee, it is possible that the stratigraphie, sedi
mentological and teetonie ideas presented in this paper are 
not valid in every respeet; for instanee, the Orakoski arkose 
and the Sodankylä quartzite may represent one and same 
formation (J . Räsänen, oral eommunieation presented at the 
Oulu symposium). Also the eorrelation of the sequenees of 
this study with those of Kuusamo ealls for eritieal reading . 
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stone belt, northern Finland. Geological Survey of Finland, Special paper
5. 213-238, 33 figures.

Weakly metamorphosed iron-formations constitute an essential part of
the Kittilä greenstone belt, the main components of which are chemically
variable eruptive and irruptive rocks, and pyroclastic and chemical meta-
sediments.

A reconnaissance study of five deposits of iron-formations revealed three
types of facies association. Their stratigraphic order, beginning from the
lowest. is as follows:

l. The Pahtavaara association, which consists of a randomly arranged
sequence of iron-formations, cherts, tuffaceous schists (+graphite) and
lavas. The iron-formations represent oxide, silicate, sulphide and carbon-
ate facies in the order of decreasing abundance.

2. The Silmänpaistama-Petäjäselkä association, which is characterized
by dolomites in addition to the rock types of Pahtavaara. Iron-formations
of the carbon-silicate facies dominate and oxide facies is almost totally
lacking.

3. The Karjalehto-Riesiövaara association, which consists of iron-
formations, tuffaceous schist (+ graphite), cherts and lavas. The iron-
formations consist mainly of silicate-carbonate facies and sulphide facies,
the oxide facies is totally lacking.

The primary sedimentary structures are microscale, mesoscale and
macroscale bedding, graded bedding, cross-bedding, peloids, intraclasts,
micro-ooliths, microspheres and colloform structures. Load casts, scour
and fill structures, autobreccias, intraformational corrugations, slump folds
and truncated convolute folds are due to prediagenetic deformation.
Shrinkage cracks and stylolites are diagenetic.

The facies alteration is interpreted as a primary feature. The random
arrangement of the iron-formation facies and the mixing with volcanic
material can be understood in the following way: The material of the chem-
ical sediments was transported into sea water by volcanic emanations, which
also controlled the physico-chemical conditions (pH and Eh) of the sea
water. The precipitation of magnetite, siderite and pyrrhotite was controlled
by the partial pressures of oxygen, carbon dioxide and hydrogen sulphide,
respectively. It is possible that precipitation of iron silicates was controlled,
at least partly, by the availability of aluminium and potassium.

The sedimentary-tectonic environment was a metastable eugeosynclinal
basin marked by intense activity, with a rapidly submerging bottom and
deepening-water.

Key words: metamorphic rocks, iron formations, lithofacies, sedimentary
structures, paleosedimentology, Proterozoic, Kittilä, Sodankylä, Finland
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INTRODUCTION

The numerous deposits of iron-formation of the
Central Lapland greenstone belt have been known
since 1864 (Välitalo 1967), and their petrography,
mineralogy and chemistry have been described by
several authors mainly in connection with explo-
ration activities (Hackman 1925, 1927; Mikkola
l94l; Kaitaro 1949; Partio 1966; Silvennoinen
1966; Paakkola l97l; Lehto and Niiniskorpi 1977;
Paakkola et al. 1979; Gehcir 1982). However, no
sedimentological studies have been made, mainly
owing to the capricious and weathered nature of
the outcrops and the confidential nature of the
data on potential ore bodies. The present paper
deals with the sedimentary patterns of selected

deposits of iron-formation in order to outline the
depositional environment. The task is approached
in two ways: to describe the lithology and to
describe the sedimentary structures in the iron-
formations themselves.

The study is based almost entirely on material
collected from drill cores of the Exploration De-
partment of the Rautaruukki company. The de-
scription of the general geology of the study area
is based on reports of the Kittilä Ore Project,
which was carried out in 1977-1980 under the
leadership of the senior author of the present
paper.

GENERAL GEOLOGIC SETTING

According to Simonen (1980), the bedrock of
northern Finland (Fie. l) can be divided into five
geological units: l. the basement gneiss complex
(Archaean) , 2. the granulite arch (Archaean), 3.
the schist belts of Central Lapland, Kuusamo and
Perä-Pohjola (Proterozoic), 4. and 5. the areas of
synorogenic and late orogenic granitoids (Protero-
zoic).

The Central Lapland Schist Belt is further sub-
divided into two informal lithostratigraphic units:
the lower, the Lapponi, which consists of quartz-
ites, mica schists and metavolcanites, and the
upper, the Kumpu, consisting of coarse clastic
quartzites and conglomerates (Mikkola l94l).

The Kittilä greenstones represent the upper parts
of the Lapponi. Although an Archaean age has
been suggested for them (Gaäl et al. 1978; Silven-
noinen et al. 1980), the age determinations per-
formed by Dr. Kouvo at the Geological Survey of
Finland indicate an early Proterozoic age of
2250-1900 Ma (Kallio 1980).

The Kittilä greenstones consist of basic, ultra-
basic or intermediate extrusives and intrusives
(Sarapää 1980). There are also pyroclastic and
chemical sediments, but epiclastic sediments are
rare among the volcanics. In chemical composi-
tion the basic rocks are largely spilites, tholeiitic
basalts, komatiitic basalts and peridotitic komatii-
tes, and include small amounts of acid volcanics.
The main rock types, tholeiitic basalts and spilites,
are characterized by their high iron content,
especially in adjacent to the iron-formations.
Spilites may be partly metamorphic metasomatic
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derivatives of the tholeiitic basalts, but judging
from their microscopic texture, some of them at
least are primary spilites that crystallized from a
volatile rich spilitic magma. The petrography of
the volcanics has been described earlier (Hackman
1927;Paakkola l97l; Kallio et al. 1980).

The grade of metamorphism is very low in the
study area, not even attaining greenschist facies
in all places. However, it increases towards the
margins of the greenstone belt (Kärkkäinen 1980).

Figure 2 shows the structure and stratigraphic
order of the rocks at the eastern margin of the
greenstone belt. The contact between the basement
and the lowest Lapponian sediments is nowhere
visible, but it can be traced by jagged rocks. In
some places there are sathrolites and basal arkoses,
but more commonly the sediments begin with
orthoquartzites followed by arkoses and mica
schist. The upper parts ofthe quartzites are occa-
sionally calcareous, and their mineral paragene-
sis depends on the grade of metamorphism (epi-
dote, tremolite and diopside). Upwards the quartz-
ites become to more arkosic, with alternating mica
schists. The total thickness of the quartzites ob-
served does not exceed 200 m: the thickness of the
overlying mica schists, which may be rich in alu-
minium, is of the same order of magnitude. The
thick till cover of the bedrock has prevented the
Lapponian sediments in this area from ever being
submitted to detailed sedimentological analysis.

The mica schists are overlain by the rocks of the
volcanic complex. Three sedimentary associations
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Perä-Pohjola (Proterozoie), 4. and 5. the areas of 
synorogenie and laie orogenie granitoids (Protero
zoic). 

The Central Lapland Schist Belt is further sub
divided into two informal lithostratigraphie units: 
the lower, the Lapponi, which consists of quartz
ites, miea schists and metavolcanites, and the 
upper, the Kumpu, consisting of coarse clastic 
quartzites and conglomerates (Mikkola 1941). 

The Kittilä greenstones represent the upper parts 
of the Lapponi. Although an Archaean age has 
been suggested for them (Gaal et al. 1978; Silven
noinen et al. 1980), the age determinations per
formed by Dr. Kouvo at the Geological Survey of 
Finland indieate an early Proterozoie age of 
2250- 1900 Ma (Kallio 1980). 

The KittiJä greenstones consist of basic, ultra
basie or intermediate extrusives and intrusives 
(Sarapää 1980). There are also pyroclastie and 
chemieal sediments, but epiclastie sediments are 
rare among the volcanics. In chemieal composi
tion the basie rocks are largely spilites, tholeiitic 
basalts, komatiitic basalts and peridotitic komatii
tes, and include smaII amounts of acid volcanies. 
The main rock types, tholeiitie basalts and spilites, 
are characterized by their high iron content, 
especially in adjacent to the iron-formations. 
Spilites may be partly metamorphic metasomatie 
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derivatives of the tholeiitie basalts, but judging 
from their microscopie texture, some of them at 
least are primary spilites that crystallized from a 
volatile rieh spilitic magma. The petrography of 
the volcanics has been described earlier (Hackman 
1927; Paakkola 1971; Kallio et al. 1980). 

The grade of metamorphism is very low in the 
study area, not even attaining greenschist facies 
in all places. However, it increases towards the 
margins of the greenstone belt (Kärkkäinen 1980). 

Figure 2 shows the structure and stratigraphie 
order of the rocks at the eastern margin of the 
greenstone belt. The contact between the basement 
and the lowest Lapponian sediments is nowhere 
visible, but it can be traced by jagged rocks. In 
some places there are sathrolites and basal arkoses, 
but more commonly the sediments begin with 
orthoquartzites followed by arkoses and mi ca 
schist. The upper parts of the quartzites are occa
sionally calcareous, and their mineral paragene
sis depends on the grade of metamorphism (epi
dote, tremolite and diopside). Upwards the quartz
ites become to more arkosic, with alternating miea 
schists. The total thickness of the quartzites ob
served does not exceed 200 m; the thickness of the 
overlying mica schists, whieh may be rich in alu
minium, is of the same order of magnitude. The 
thick till cover of the bedrock has prevented the 
Lapponian sediments in this area from ever being 
submitted to detailed sedimentological analysis. 

The miea schists are overlain by the rocks of the 
volcanic complex. Three sedimentary associations 
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Fig. l. Bedrock of northern Finland. Modified after Simonen (1980). Legend: Presvecokarelidic: la. schist and paragneiss; lb. granulite;
lc. orthogneiss. Svecokarelidic: 2. Karelidic schist belt; 3. Svecofennidic schist belt; 4. orogenic plutonic rocks. Postsvecokarelidic: 5. Jotnian
sediments. 6. Study area.

with diverse lithologies can be distinguished: I.
Porkonen-Pahtavaara, II. Silmänpaistama-Pe-
täjäselkä, III. Karjalehto-Riesiövaara in strati-
graphic order beginning with the lowest. Note that

the youngest volcanics are in contact with the Lap-
ponian schists at the eastern margin of the com-
plex, revealing the eastern trend of volcanic
polarity.
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Fig. I . Bedrock of northern Finland. Modified after Simonen (1980). Legend: Presvecokarelidic: la. schist and paragneiss; Ib. granulite; 
Ic. orthogneiss. Svecokarelidic: 2. Karelidic schist belt; 3. Svecofennidic schist belt; 4. orogenic plutonic rocks. Postsvecokarelidic: 5. Jotnian 
sediments. 6. Study area. 

with diverse lithologies ean be distinguished: I. 
Porkonen- Pahtavaara, 11. Silmänpaistama-Pe
täjäselkä, III. Karjalehto-Riesiävaara in strati
graphie order beginning with the lowest. Note that 

"the youngest volcanics are in eontaet with the Lap
ponian sehists at the eastern margin of the eom
plex, revealing the eastern trend of volcanie 
polarity. 
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Fig. 2. Geological section of the eastern margin of the Kittilä greenstone complex. (Adopted from Paakkola et a!. 1979).

FACIES ASSOCIATIONS

Three main types of facies association can be
distinguished on a lithological basis: l. the Pah-
tav aar a association, 2. the Silmänpaistama-Pe-
täjäselkä association, and 3. the Karjalehto-
Riesiövaara association in stratigraphic order from
bottom to top. The petrography of the rocks is
not described in detail in the present context, be-
cause of the limited space available.

The iron-formations in all three associations
display an intimate alternation of oxide, silicate,
carbonate and sulphide facies. Typically these
rocks are closely mixed with their host rocks. The
combination of carbonate and silicate iron-forma-
tion, comprising either alternating interbands or
masses of qvartz, iron-silicates and iron-
carbonates, is typical of all the associations; the
other two iron-formation types occur more often
independently.

The carbonate iron-formation is composed pri-
marily of quartz and manganoan carbonates, of

which siderite is the most abundant. The abun-
dance of calcite, ankerite and dolomite varies
within a wide range. The Mn content of these rocks
is almost entirely incorporated in the carbonates
(Paakkola et al., 1980).

The silicate iron-formation is composed mainly
of quartz, stilpnomelane, biotite, iron-chlorites,
minnesotaite and magnetite. Carbonates, including
the different species mentioned above, occur either
as porphyroblasts or more often as their own
bands within the silicates.

The main minerals of the sulphide iron-forma-
tion are quartz, biotite, Fe-chlorites, pyrrhotite,
secondary pyrite and sometimes carbonates. The
sulphidic assemblages are typically carbonaceous,
containing disseminated or microbanded graphite
material.

The most important iron-oxide within the oxide
iron-formation is magnetite, which, together with
qtartz and minor amounts of iron-silicates, is the
most prominent mineral of this type.

Pahtavaara association

The type section of the Pahtavaara facies asso-
ciation is shown in Figure 3. The association is
characterized by a random distribution of iron-
formations, cherts, metalavas, tuffaceous schists

2t6

and graphite-bearing tuffaceous schists. The iron-
formations represent oxide, carbonate silicate and
sulphide facies; the oxide facies is predominant.
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Three main types of facies association can be 
distinguished on a lithological basis : 1. the Pah
tavaara association, 2. the Silmänpaistama-Pe
täjäselkä association, and 3. the Karjalehto
Riesiövaara association in stratigraphie order from 
bottom to top. The petrography of the rocks is 
not described in detail in the present context, be
cause of the limited space available . 

The iron-formations in aB three associations 
display an intimate alternation of oxide, silicate, 
carbonate and sulphide facies. TypicaBy these 
rocks are closely mixed with their host rocks . The 
combination of carbonate and silicate iron-forma
tion, comprising either alternating interbands or 
masses of quartz, iron-silicates and iron
carbonates, is typical of aB the associations; the 
other two iron-formation types occur more often 
independently. 

The carbonate iron-formation is composed pri
marily of quartz and manganoan carbonates , of 

which siderite is the most abundant. The abun
dance of calcite, ankerite and dolomite varies 
within a wide range. The Mn content of these rocks 
is almost entirely incorporated in the carbonates 
(Paakkola et al., 1980). 

The silicate iron-formation is composed mainly 
of quartz, stilpnomelane, biotite, iron-chlorites, 
minnesotaite and magnetite. Carbonates, including 
the different species mentioned above, occur either 
as porphyroblasts or more often as their own 
bands within the silicates. 

The main minerals of the sulphide iron-forma
tion are quartz, biotite, Fe-chlorites, pyrrhotite, 
secondary pyrite and sometimes carbonates. The 
sulphidic ass em blages are typically carbonaceous, 
containing disseminated or microbanded graphite 
material. 

The most important iron-oxide within the oxide 
iron-formation is magnetite, which, together with 
quartz and minor amounts of iron-silicates, is the 
most prominent mineral of this type. 

Pahtavaara association 

The type section of the Pahtavaara facies asso
ciation is shown in Figure 3. The association is 
characterized by a random distribution of iron
formations, cherts, metalavas, tuffaceous schists 
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and graphite-bearing tuffaceous schists. The iron
formations represent oxide, carbonate silicate and 
sulphide facies; the oxide facies is predominant. 
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Fig. 3. Geological section of Pahtavaara. The coordinates refer to a temporary coordinate system

Silmänpaistama-Petäjäselkä association

The surface map (Fig. 4) and type section (Fig. the dominance of carbonate facies and an almost
5) of Silmänpaistama and the type sections (Figs. total lack of oxide facies. Sulphide facies is poorly
6 and 7) of Petäjäselkä reveal the heterogeneity developed and mixed with silicate facies.
of the facies association which is characterized bv

Karj alehto-Riesiövaara association

The Karjalehto-Riesiövaara association (Figs. 8 tuffaceous cherts and metalavas. The oxide facies
and 9) is characterized by silicate-carbonate and iron-formation is totally lacking.
sulphide facies iron-formations intercalating with
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Fig. 3. Geological section of Pahtavaa ra . The coordinates refer to a temporary coordinate system. 
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The surface map (Fig. 4) and type section (Fig. 
5) of Silmänpaistama and the type sections (Figs . 
6 and 7) of Petäjäselkä reveal the heterogeneity 
of the facies association wh ich is characterized by 

the dominance of carbonate facies and an almost 
total lack of oxide facies . Sulphide facies is poorly 
developed and mixed with silicate facies . 

Karjalehto-Riesiövaara association 

The Karjalehto-Riesiövaara association (Figs. 8 tuffaceous cherts and metalavas. The oxide facies 
and 9) is characterized by silicate-carbonate and iron-formation is totally lacking. 
sulphide facies iron-formations intercalating with 
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Fig. 4. Lithological map of Silmänpaistama. The coordinates refer to a temporary coordinate system.
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Fig. 5. Geological section of Silmänpaistama. The coordinates refer to a temporary coordinate system.

Fig. 6. Ceological section of Petäjäselkä. The coordinates refer to a temporary coordinate system.
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Fig. 7. Geological section of Petäjäselkä. The coordinates refer to a temporary coordinate system.
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Fig. 8' Geological section of Karjalehto. The coordinates refer to a temporary coordinate system.
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Although the three facies associations differ in
lithology, chemistry and stratigraphy, all they have
sedimentary and diagenetic features in common.
In many respects these features appear to be similar
to those of limestones. Hence, the terminology
used in the present description follows the classi-
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fication of Dimroth and Chauvel (1973), which is
based on the nomenclature for limestones devised
by Folk (1962). In this classification chemically
precipitated material is divided into allochems and
orthochems.

Fig. 9, Geological section of Riesiövaara. The coordinates refer to a temporary coordinate system

SEDIMENTARY AND DIAGENETIC STRUCTURES

Allochems

Allochems comprise the material that derives
from adjacent sediments and is redeposited else-

where in the basin. On the basis of their internal
structure, shape and size the allochems are further
classified as peloids (diameter < 2 mm), intraclasts
(length < 4 cm), micro-ooliths, microspheres and
terrigenous detritus.

Peloids of chert and ferriginous chert (Fig. l0),
usually varying in size from 0.5 to 2 mm, consti-
tute the most abundant allochem in the iron-
formations studied. They vary in shape from
rounded to elongated, and may be composed of
the same material as their matrix or wholly differ
from it. Although not commonly, the peloids may
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SEDIMENTARY AND DIAGENETIC STRUCTURES 

Although the three facies associations differ in 
lithology, chemistry and stratigraphy, all they have 
sedimentary and diagenetie features in common. 
In many respects these features appear to be similar 
to those of limestones. Hence, the terminology 
used in the present description follows the classi-

fieation of Dimroth and Chauvel (1973), which is 
based on the nomenclature for limestones devised 
by Folk (1962) . In this classification chemically 
precipitated material is divided into allochems and 
orthochems. 

Allochems 

Allochems comprise the material that derives 
from adjacent sediments and is redeposited else
where in the basin. On the basis of their internal 
structure, shape and size the allochems are further 
classified as peloids (diameter< 2 mm), intraclasts 
(length < 4 cm), miero-ooliths, mierospheres and 
terrigenous detritus. 

Pe/oids of chert and ferriginous chert (Fig. 10), 
usually varying in size from 0.5 to 2 mm, consti
tute the most abundant allochem in the iron
formations studied . They vary in shape from 
rounded to elongated, and may be composed of 
the same material as their matrix or wholly differ 
from it. Although not commonly, the peloids may 
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be heterogeneous, having a rim enriched in iron
or alternatively in carbonate, Fe - silicates or Fe

- sulphides, and a core composed of rather pure
chert.

Intraclasts, which differ from the peloids in size
and shape, occur as rounded (Fig. I l) to tabular
and angular masses of chert and other lithologies
of iron-formation. They may display lamination
or micro-oolithic structure, and vary in size from
millimetres to a few centimetres. Here and there
some of the beds are composed almost wholly of
intraclasts (Fig. l2), whereas in other beds they
occur as separate clasts (Fig. l3).

Like those of the oeloids. the rims of the intra-

clasts maybe enriched in iron. Some of the
intraclasts are bordered by stylolites.

It is not always possible to discern the intraclasts
of the fragments of secondary fragmentation and
brecciation. Some of them are obviously split,
resedimented interbeds of penecontemporaneous
sediments (Fig. l4), all showing evidence of being
generated later and during stronger lithification
than the peloids.

Micro-ooliths and microspheres are quite com-
mon allochems in the rocks studied and are
encountered in all three facies associations. The
spherulites are composed predominantly of car-
bonate and chert, in silicate facies of stilpnomel-
ane and Fe - chlorite.

Fig. 10. Evenly bedded silicate - carbonate iron-formation with peloidal interbeds.
The peloids are composed of chert and ferrogenous chert. Plane polarized light:
Silmänpaistama ( x 4).
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i

Fig. I l. Rounded chert intraclasts in banded carbonate-silicate iron-formation
| () 1A

Drill-core sample; Karjalehto

Fig. 12. Banded carbonate-sili,:ate iron-formation. One band consists of rounded chert intraclasts. The en-
closing matrix is composed of carbonate and chert. Drill-core sample: Pahtavaara 2, 30'7.7O.
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Fig. 11. Rounded chert intraclasts in banded carbonate-silicate iron-formation. Drill-core sampIe; Karjalehto 
I, 52.30. 
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Fig. 12. Banded carbonate-silicate iron-formation. One band consists of rounded chert intraclasts. The en
closing matrix is composed of carbonate and chert. Drill-core sampIe: Pahtavaara 2, 307.70. 
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Fig. 13. Single rounded ehen concretion in silicate iron-formation. Drill-core sam pie; Pahtavaara 2, 119.40. 

Fig. 14. Preconsolidation stage brecciation of chert-band within silicate-carbonate iron-formation. Drill-core 
sampIe: Pahtavaara 2, 119,50. 



They may be strongly recrystallized, occasionally
consisting of single, optically uniform crystals of
some of the above mentioned minerals. In many
specimens their concentric structure has been pre-
served as a relic even though the rocks have under-
gone intense recrystallization.

The micro-ooliths typically range in size from
0.01 to 0.1 mm, the largest being 0.2 mm. In a
few cases, microspheres less than 0.03 mm in
diameter (Fig. l5) occur as cores for micro-ooliths,
thus providing evidence that they served as nuclei
for oolithic accumulation. On the whole. however.
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the core of the micro-ooliths is made up of
carbonate or silica material similar to that in the
surrounding concentric laminae (Fig. l6).

The microspheres, usually ranging from 0.01 to
0.03 mm in diameter, are randomly distributed or
occur as clusters within matrix chert or femicrite.
Owing to the graphite dissemination, they are grey
to black, and usually opaque under the microscope
(Fie. l7).

Microbands or carbonate masses in some spec-
imens are closely packed micro-ooliths. In figures
l8a and l8b the micro-oolithic bands are typical-
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Fig. 15. High magnification photomicrograph of micro-oolith (diameter 0.015 mm). The spherulite in the
core is graphitic silica, the rim is ankerite. The outline of the oolith is marked by graphitic material. The
brown needle crosscutting the structure is stilpnomelane. Crossed polars. Sample. Silmänpaistama 12, 148.50.
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so me of the above mentioned minerals. In many 
specimens their concentric structure has been pre
served as a relic even though the rocks have under
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0.01 to 0.1 mm, the largest being 0.2 mm. In a 
few cases, microspheres less than 0.03 mm in 
diameter (Fig. 15) occur as co res for micro-ooliths, 
thus providing evidence that they served as nuclei 
for oolithic accumulation. On the wh oie, however, 

the core of the micro-ooliths is made up of 
carbonate or silica material similar to that in the 
surrounding concentric laminae (Fig. 16). 

The microspheres, usually ranging from 0.01 to 
0.03 mm in diameter, are randomly distributed or 
occur as clusters within matrix chert or femicrite. 
Owing to the graphite dissemination, they are grey 
to black, and usually opaque under the microscope 
(Fig. 17) . 

Microbands or carbonate masses in some spec
imens are closely packed micro-ooliths . In figures 
18a and 18b the micro-oolithic bands are typical-

Fig. 15 . High magni fication photomicrograph of micro-oolith (diameter 0.015 mm). The spherulite in the 
core is graphitic silica, the rim is ankerite. The outline of the oolith is marked by graphitic material. The 
brown needle crosscutting the structure is stilpnomelane. Crossed polars. Sampie. Silmänpaistama 12, 148.50. 
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- ofim-
Fig. 16. Photomicrograph of closely packed carbonate micro-ooliths set in stilpnomelane matrix. Drill-core
sample: Silmänpaistama l, 24.60.

Fig. 17. Photomicrograph of cluster mass of graphitic spherulites set

sample: Riesiövaara 2, 84.60.

0..1 mm
in chert-carbonate matrix. Drill-core
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0.1 rnrn 
Fig~ 16. Photomicrograph of cIosely packed carbonate micro-ooliths set in stilpnomelane matrix. Drill-core 
sampie: Silmänpaistama I , 24.60. 

0.1 rnrn 
Fig. 17. Photomierograph of cluster mass of graphitic spherulites set in ehert-carbonate matrix . Drill-eore 
sampie: Riesiövaara 2, 84.60. 



0.2 mm
Fig. l8a. Chicken wire structure in micro-ooliths. Plane polarized light Karjalehto

r- oz''--r
Fig. l8b. Photomicrograph of typical carbonate micro-ooliths composed of concentric layers of chert and
carbonate. Plane polarized light Karjalehto l, 52.30.
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Fig. 18a. Chicken wire structure in micro-ooliths . Plane polarized light Karjalehto I, 52.30 . 

0.2 mm 
Fig. 18b. Photomicrograph of typical carbonate micro-ooliths composed of concentric layers of chert and 
carbonate. Plane polarized light Karjalehto I, 52.30. 
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ly surrounded by granoblastic matrix chert or
femicrite.

Both the micro-ooliths and microspheres are in
places enclosed by large authigenic carbonate
rhombohedrons. In a few samples they occur as

inclusions within albite porphyroblasts.

Special types of microstructure elongated or
ovoidal in shape and having a peculiar internal
structure. have been encountered in the Petäjäselkä

iron-formation (Fig. l9). These structures are com-
posed of Mn-siderite, whereas their enclosing ma-
trix is predominantly ankerite. The structures are

currently a subject of more detailed investigations
and will be discussed in depth in a forthcoming
paper.

Structures much like those described in the
present study have been reported from numerous
Precambrian and Archaean iron-formations

around the world (e.g. LaBerge 1967; Lougheed
1983). They were earlier interpreted as microfossils
but more recently they have been regarded as

pseudofossils (Walter et al. 1983).

In our studies we have not found any indisput-
able evidence to support either the primary or
secondary origin of these structures. In one
specimen the micro-ooliths show secondary, pos-
sibly diagenetic growth (Fig. 20), suggesting, at
least, that if these structures were primary, their
size and composition may have changed in the
course of postdepositional events. In one specimen
of sulphidic carbonate rock, the micro-ooliths in
the vicinity of a sulphidic vein have cores of pyr-
rhotite. Further away, a few millimetres from the
vein, the cores are composed of chert and carbon-
ate (Fig. 2l), the secondary origin of these
sulphidic cores is most probable.

- o7;;-
Fig. 19. Photomicrograph showing exceptional elongated Mn-siderite microstructures within ankeritic matrix.
Note that some of these structures constitute cores for micro-ooliths. Drill-core sample: Petäjäselkä 10, 78.90.
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ly surrounded by granoblastic matrix chert or 
femicrite. 

Both the micro-ooliths and microspheres are in 
places enclosed by large authigenic carbonate 
rhombohedrons . In a few sampies they occur as 
inclusions within albite porphyroblasts. 

Special types of microstructure elongated or 
ovoidal in shape and having a peculiar internal 
structure, have been encountered in the Petäjäselkä 
iron-formation (Fig. 19). These structures are com
posed of Mn-siderite, whereas their enclosing ma
trix is predominantly ankerite. The structures are 
currently a subject of more detailed investigations 
and will be discussed in depth in a forthcoming 
paper. 

Structures much like those described in the 
present study have been reported from numerous 
Precambrian and Archaean iron-formations 

around the world (e.g. LaBerge 1967; Lougheed 
1983). They were earlier interpreted as microfossils 
but more recently they have been regarded as 
pseudofossils (Walter et al. 1983). 

In our studies we have not found any indisput
able evidence to support either the primary or 
secondary origin of these structures. In one 
specimen the micro-ooliths show secondary, pos
sibly diagenetic growth (Fig. 20), suggesting, at 
least, that if these structures were primary, their 
size and composition may have changed in the 
course of postdepositional events. In one specimen 
of sulphidic carbonate rock, the micro-ooliths in 
the vicinity of a sulphidic vein have cores of pyr
rhotite. Further away, a few milli met res from the 
vein, the co res are composed of chert and carbon
ate (Fig. 21), the secondary origin of these 
sulphidic co res is most probable. 

0.2 mm 
Fig. 19. Photomicrograph showing exceptional elongated Mn-siderite microstructures within ankeritic matrix. 
Note that some of these structures constitute cores for micro-ooliths. Drill-core sampIe: Petäjäselkä 10, 78 .90. 
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Fig. 20. Photomicrograph of carbonate iron-formation showing secondary (diagenetic ?) enlargement of micro-
ooliths. Crossed polars. Drill-core sample: Karjalehto l, 52.30.

b=;m'
Fig. 21. Photomicrograph of micro-oolithic iron-formation. Some of the carbonate micro-ooliths near the
iron sulphide vein are secondarily replaced by pyrrhotite. Drill-core sample: Karjalehto l, 52.3O.
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0.1 mm 
Fig. 20. Photomicrograph of carbonate iron-formation showing secondary (diagenetic ?) enlargement of micro
ooliths. Crossed polars. Drill-core sampie: Karjalehto I, 52.30. 

f---1 
0.3 mm 

Fig. 21. Photomicrograph of micro-oolithic iron-formation. Some of the carbonate micro-ooliths near the 
iron sulphide vein are secondarily replaced by pyrrhotite . Drill-core sampie: Karjalehto I, 52.30. 
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Orthochems

The orthochems are composed of matrix chert and
femicrite, the latter consisting of fine grained iron
carbonate and iron silicate (stilpnomelane, Fe-
chlorite and minnesotaite) matrix. The material
eventually precipitated as crystalline minerals. The
orthochems occur as bands, as obscure laminae
or as massive bodies. The amount of sericite and
biotite in the femicrite matrix varies: locallv it mav
be considerable.

The framework of the chemical precipitates is
virtually made up of orthochems, which, because
of the recrystallization, show a wide range in grain
size distribution, even within one thin section. In
well-preserved assemblages the average grain size
of matrix chert and femicrite usually varies from
0.01 to 0.05 mm. However, because of recrys-
tallization the grain size is typically coarser, and
in several samples carbonates occur as large rhom-
bohedrons in the chert matrix.

In one specimen only, carbonate porphyro-
blasts, composed of manganoan siderite, are in
pseudomorphs after aragonite (Fie. 22), suggesting
that the chemical composition of the carbonates
may have thoroughly changed since deposition.

The grain size of the chert matrix seems to be
largely controlled by the presence of graphite.
Black or grey carbonaceous cherty assemblages
surrounded by pure chert are often visible, dif-
fering from their host by their conspicuously
smaller grain size (Fig. 23).

The orthochemical material is characterized by
various sedimentary and diagenetic structures in-
cluding colloform, scour-and-fill, gradedbedding,
cross-bedding, stylolites and shrinkage cracks.
Excluding stylolites and shrinkage cracks, all the
other structures show evidence of being primary.

Colloform structures (Figs. 24, 25) are often
characteristic feature of chert masses and chert

- oZmil
Fig.22.Mn-siderite porphyroblasts in orthorhombic pseudomorphs after aragonite. The porphyroblasts are
compositionally zoned. Each of the zones follows the orthorhombic outlines of the porphyroblast. Crossed
polars. Drill-core sample: Petäjäselkä 16, 87.40.
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or as massive bodies. The amount of sericite and 
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well-preserved assemblages the average grain size 
of matrix chert and femicrite usually varies from 
0.01 to 0.05 mm. However, because of recrys
tallization the grain size is typically coarser, and 
in several sampies carbonates occur as large rhom
bohedrons in the chert matrix. 

In one specimen only, carbonate porphyro
blasts, composed of manganoan siderite, are in 
pseudomorphs after aragonite (Fig. 22), suggesting 
that the chemical composition of the carbonates 
may have thoroughly changed since deposition. 

The grain size of the chert matrix seems to be 
largely controlled by the presence of graphite. 
Black or grey carbonaceous cherty assemblages 
surrounded by pure chert are often visible, dif
fering from their host by their conspicuously 
smaller grain size (Fig. 23). 

The orthochemical material is characterized by 
various sedimentary and diagenetic structures in
cluding colloform, scour-and-fill, gradedbedding, 
cross-bedding, stylolites and shrinkage cracks. 
Excluding stylolites and shrinkage cracks, all the 
other structures show evidence of being primary. 

Coll%rm structures (Figs. 24, 25) are often 
characteristic feature of chert masses and chert 

0.2 mm 
Fig. 22. Mn-siderite porphyroblasts in orthorhombic pseudomorphs after aragonite. The porphyroblasts are 
compositionally zoned. Each of the zones follows the orthorhombic outlines of the porphyroblast. Crossed 
polars. Drill-core sampie: Petäjäselkä 16, 87.40. 
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Fig.23. Photomicrograph of recrystallized matrix chert showing variation in grain size distribution. Note
the distinctly smaller grain size of the graphitic areas. Crossed polars. Sample: Pohtavaara, 123 JP - 65.

Fig. 24. Colloform structure in rnassive chert mesoband. Drill-core sample: Pahtavaara 2, 199.20.
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0.2 mm 
Fig. 23. Photomierograph of reerystallized matrix ehert showing variation in grain size distribution . Note 
the distinctly sm aller grain size of the graphitie areas. Crossed polars. Sampie: Pohtavaara, 123 lP - 65 . 

Fig. 24. Colloform strueture in massive ehert mesoband. Drill-eore sampie: Pahtavaara 2, 199.20. 
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mesobands. This structure is usually due to
macroscopically recognisable gelatinous lamina-
tion of white and grey chert, representing primary
floccules of silica.

Shrinkage cracks (Fig. 26) are encountered in
monomineral stilpnomelane microbands. Occa-
sionally they have also developed at the margins
of the secondary quartz-carbonate veins that cross-

cut the stilpnomelane bands, suggesting their
secondary origin. These structures are obviously
due to postdepositional contraction in an originally
homogeneous layer.

Stylolites (Fig. 27) are rather common in car-
bonate rocks, especially in contacts between chert
and carbonate bands. They typically follow the
bedding planes, but may also be inclined. The
stylolite seams are often enriched in graphite.

The orthochemical rocks are locally massive, but
mostly banded at macroscale, mesoscale and mi-
croscale (Fig. 28). Mesobands may contain micro-
bands or they may be massive. Banding is usually
a result of the alternation of chert, iron carbonates,
iron silicates, iron sulphides and graphite. Alter-
natively it may be caused in interbedding of the
chemical precipitates and clastic (mainly volcano-
genic) material.

In laminated or microbanded units the bands
may be defined by scour-and-fill structures (Fig.
29), load casfs, fine scale cross-bedding (Fig. 30)
and, rarely, graded bedding (Fig.3l). The latter
may be colourbanding only, due to alternating
bands of chemical precipitates. Preconsolidation
stage intraformational brecciation (Fig. 32) and
slump folding (Fig. 33) are common.

0.1 mm
material is mainly graphite.Fig. 25. Photomicrograph showing colloform structure in massive chert. Black

Inclined polars. Sample 187/EP - 65.
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mesobands. This structure is usually due to 
macroscopically recognisable gelatinous lamina
tion of white and grey chert, representing primary 
floccules of silica. 

Shrinkage cracks (Fig. 26) are encountered in 
monomineral stilpnomelane microbands. Occa
sionally they have also developed at the margins 
of the secondary quartz-carbonate veins that cross
cut the stilpnomelane bands, suggesting their 
secondary origin. These structures are obviously 
due to postdepositional contraction in an originally 
homogeneous layer. 

Stylolites (Fig. 27) are rather common in car
bonate rocks, especially in contacts between chert 
and carbonate bands. They typically follow the 
bedding planes, but may also be inclined. The 
stylolite seams are often enriched in graphite. 

The orthochemical rocks are locally massive, but 
mostly banded at macroseale, mesoscale and mi
croscale (Fig. 28). Mesobands may contain micro
bands or they may be massive. Banding is usually 
a result of the alternation of chert, iron carbonates, 
iron silicates, iron sulphides and graphite. Alter
natively it may be caused in interbedding of the 
chemical precipitates and clastic (mainly volcano
genic) material. 

In laminated or microbanded units the bands 
may be defined by scour-and-fill structures (Fig. 
29), load casts, fine scale cross-bedding (Fig. 30) 
and, rarely, graded bedding (Fig. 31). The latter 
may be colourbanding only, due to alternating 
bands of chemical precipitates. Preconsolidation 
stage intraformational brecciation (Fig. 32) and 
slump folding (Fig. 33) are common. 

0.1 rnrn 
Fig. 25 . Photomicrograph showing colloform structure in massive chert. Black material is mainly graphite. 
Inclined polars. Sampie 187/EP - 65. 
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0.05 mm
Fig. 26. Photomicrograph showing shrinkage cracks in stilpnomelane mass. The scattered white crystalls are
carbonate. Plane polarized light. Drill-core sample: Silmänpaistama 12, 51.20.
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Fig.27. Chert mesoband showing inclined, graphitic stylolite seam. Drill-core sample: Pahtavaara2,29O.35.
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I I 
0.05 mm 

Fig. 26. Photomicrograph showing shrinkage cracks in stilpnomelane mass. The scattered white crystalls are 
carbonate . Plane polarized light. Drill-core sampie: Silmänpaistama 12, 51.20. 

Fig. 27. Chert mesoband showing inclined, graphitic stylolite seam. Drill-core sampie: Pahtavaara 2,290.35 . 
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Fig. 28. Drill-core sample showing typical chert - iron-silicate - carbonate mesobanding. Karjalehto l, 51.35

Fig.29. Scour-and-fill structure in chert-banded, silicate-carbonate iron-formation. Drill-core sample: pe-
täjäselkä 10, 78.90.
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Fig. 28. Drill-core sampIe showing typical chert - iron-silicate - carbonate mesobanding. Karjalehto I, 51.35. 

Petäjäselkä 
dr ill hole 10 
78.90 

Fig. 29. Scour-and-fill structure in chert-banded, silicate-carbonate iron-formation. Drill-core sampIe: Pe
täjäselkä 10, 78.90. 



Fig. 30. Photomicrograph showing cross-bedding in silicate iron-formation. Plane
polarized light. Drill-core sample: Silmänpaistamal2, 84.0 (x4).

Fig. 31. Graded bedding in silicate-carbonate iron-formation. The essential iron-silicate is thuringite. Drill-
core sample: Pahtavaara 2, &.70-

Geological Survey of Finland, Special Paper 5

The lithofacies associations and seimentary structures of the iron-formation. . .

235

Geological Survey of Finland, Special Paper 5 
The lithofacies associations and seimentary structures of the iron-formation ... 

Fig. 30. Photomicrograph showing cross-bedding in silicate iron-formation. Plane 
polarized light. Drill-core sampie: Silmänpaistamal2, 84.0 ( x 4). 

Fig. 31. Graded bedding in silicate-carbonate iron-formation . The essential iron-silicate is thuringite. Drill
co re sampie: Pahtavaara 2, 64.70. 
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Slump folds in carbonate-silicate iron-formation. Drill-core sample: Karjalehto l, g9.40
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Fig. 32. Intraformational brecciation of a ehen band . Drill-core sampie Pahtavaara. The Length of the scale 
is 5 cm. 

Fig. 33. Siump folds in carbonate-silicate iron-formation. Drill-core sampie: Karjalehto I, 89.40. 



The occurrence of clastic sediments within the
iron-formation is apparent, although their volume
is insignificant in respect to the chemical sediments.
Volcanites, mainly tuffaceous schists, occur closely
interstratified with chemical sediments. These are

Geological Survey of Finland, Special Paper 5

The lithofacies associations and seimentary structures of the iron-formation. . .

Terrigenous detritus

frequently mixed on a very fine scale, making it
impossible to distinguish the materials from each
other. Mineralogically the occurrence of clastic
material is reflected in the abundance of sericite,
biotite and Mg-chlorite in some of the samples.

CONCLUDING REMARKS

From the structures and textures of the chemi-
cal sedimentary rocks and other rocks described
in the foregoing and the relationship between
them, we can infer the following about the envi-
ronment of sedimentation:

The primary features leave no doubt that the
iron-formations and cherts were deposited as
chemical precipitates that later passed through a
hydroplastic deformation and compaction stage.

The irregular alternation of the iron-formation
facies can be interpreted as a primary feature. The
irregularity of the facies alternation and the inti-
mate association, intermixing and alternation of
iron-formation with volcanic material present a
strong argument for the hydrothermal model for
the origin of these iron-formations, the material
of the chemical sediments having been transported
into'sea water by volcanic emanations. These em-
anations have also controlled the physicochemical
conditions of the sedimentation environment. The
precipitation of magnetite, siderite and pyrrhotite
was controlled by the partial pressures of oxygen,
carbon dioxide and hydrogen sulphide, respec-
tively. It is possible that precipitation of iron

silicates was controlled, at least partly, by the avail-
ability of aluminium and potassium.

The predominance of the oxide facies in the
Pahtavaara association, which is the lowest in the
stratigraphy, can most naturally be attributed to
the oxygen content of the shallow sea. The
Silmänpaistama-Petäjäselkä association is char-
acterized by the abundance of carbonate facies,
the almost complete lack of oxide facies and the
sparsity of sulphide facies. In the Karjalehto-
Riesiövaara association the oxide facies is totally
lacking, and silicate dominant carbonate-silicate
facies, together with sulphide facies, is abundant.
The petrography and chemistry of the rocks reveal
that fine-grained pyroclastic material deposited at
the same time as chemical sedimentation took
place. These features indicate violent volcanic
activity at some distance from the sedimentation
area.

We can state that the sedimentological features
strongly point to an eugeosynclinal sedimentation
basin and abundant volcanic activity with eastward
trending polarity, and a rapidly submerging bot-
tom and deepening water.
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The occurrence of clastic sediments within the 
iron-formation is apparent, although their volume 
is insignificant in respect to the chemical sediments. 
Volcanites, mainly tuffaceous schists, occur closely 
interstratified with chemical sediments. These are 

frequently mixed on a very fine scale, making it 
impossible to distinguish the materials from each 
other. Mineralogically the occurrence of clastic 
material is reflected in the abundance of seridte, 
biotite and Mg-chlorite in some of the sampies. 

CONCLUDING REMARKS 

From the structures and textures of the chemi
cal sedimentary rocks and other rocks described 
in the foregoing and the relationship between 
them, we can infer the following about the envi
ronment of sedimentation: 

The primary features leave no doubt that the 
iron-formations and cherts were deposited as 
chemical predpitates that later passed through a 
hydroplastic deformation and compaction stage. 

The irregular alternation of the iron-formation 
fades can be interpreted as a primary feature. The 
irregularity of the fades alternation and the inti
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iron-formation with volcanic material present a 
strong argument for the hydrothermal model for 
the origin of these iron-formations, the material 
of the chemical sediments having been transported 
into' sea water by volcanic emanations. These em
anations have also controlled the physicochemical 
conditions of the sedimentation environment. The 
predpitation of magnetite, siderite and pyrrhotite 
was controlled by the partial press ures of oxygen, 
carbon dioxide and hydrogen sulphide, respec
tively. It is possible that precipitation of iron 

silicates was controlled, at least partly, by the avail
ability of aluminium and potassium. 

The predominance of the oxide fades in the 
Pahtavaara assodation, which is the lowest in the 
stratigraphy, can most naturally be attributed to 
the oxygen content of the shallow sea. The 
Silmänpaistama-Petäjäselkä assodation is char
acterized by the abundance of carbonate fades, 
the almost complete lack of oxide fades and the 
sparsity of sulphide fades. In the Karjalehto
Riesiövaara assodation the oxide fades is totally 
lacking, and silicate dominant carbonate-silicate 
fades, together with sulphide fades, is abundant. 
The petrography and chemistry of the rocks reveal 
that fine-grained pyroclastic material deposited at 
the same time as chemical sedimentation took 
place. These features indicate violent volcanic 
activity at some distance from the sedimentation 
area. 

We can state that the sedimentological features 
strongly point to an eugeosynclinal sedimentation 
basin and abundant volcanic activity with eastward 
trending polarity, and a rapidly submerging bot
tom and deepening water. 
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In the Pyhätunturi area, northern Finland, there is a well-preserved early
Proterozoic metasedimentary succession, more than 3 km thick, that also
includes metavolcanics. In the study area the rocks of this succession, col-
lectively known as Jatulian, form the lowermost part of the Karelia Super-
group, which overlies the older supracrustal succession of the Lapponia
Supergroup.

In the study area the Jatulian succession is divided into four formations,
preliminarity called the (l) Isokuru Formation, (2) Pyhätunturi Forma-
tion, (3) Kiimaselkä Formation and (4) Kallioaapa Formation, of which
the first two are described in this paper. The Isokuru Formation is char-
acterized by clast-supported conglomerates with well-rounded quartzite
clasts. The Pyhätunturi Formation is characterized by the high mineral-
ogical maturity and homogeneity of quartzites.

On the basis of grain size and sedimentary structures both formations
are interpreted as fluvial deposits. The fluviatile succession in the Pyhä-
tunturi area is part of a higher ranking fluvial system, which extends dis-
continuously for hundreds of kilometres across the Central Lapland Schist
Belt.
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sedimentology, fluvial features, Proterozoic, Jatulian, Pyhätunturi, Pel-
kosenniemi. Finland.

Jorma Rtisänen, Geological Survey of Finland, P.O. Box 77, SF-96101
Rovaniemi.
Merja Mdkelti, Department of Geology, University of Helsinki, P.O. Box
I 15. SF-0017 I Helsinki.

INTRODUCTION

The Pyhätunturi area is situated in central Lap-
land, northern Finland, about 100 km northeast
of Rovaniemi (Fig. l). The stratigraphy of the area
was first described by Hackman (1910, 1914, 1918,
1927) and later by Mikkola (1937, l94l).

On the basis of recent mapping by the Geologi-
cal Survey of Finland, the supracrustal rocks of
central Lapland are divided into four supergroups,

in stratigraphic order: l) Tuntsa, 2) Lapponia, 3)
Karelia and 4) Svecofennia supergroups.

The Archaean Tuntso Supergroup has an indis-
tinct relation to its base. It consists of granitized
orthogneisses and paragneisses associated with
tholeiitic and komatiitic metavolcanics (Juopperi
and Veki 1986, Räsänen et al. 1986). An acid vol-
canic rock associated with paragneisses has a zir-
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INTRODUCTION 

The Pyhätunturi area is situated in central Lap
land, northern Finland, about 100 km northeast 
of Rovaniemi (Fig. 1). The stratigraphy of the area 
was first described by Hackman (1910, 1914, 1918, 
1927) and later by Mikkola (1937, 1941). 
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con age of 2.8 Ga (Räsänen 1986). The granitiza-
tion of these supracrustals presumably took place
about 2.6 Ga ago (Räsänen 1984, Silvennoinen
1985).

The Lapponio Supergroup, which deposited on
Archaean granitic gneisses and metavolcanic rocks,
consists mainly of quartzites in its lower part and
metavolcanics in its upper part. It is regarded as
either Archaean (Gaäl et al. 1978, Silvennoinen el
ol. 1980\ or Proterozoic (Simonen 1980). Accord-
ing to the latest observations, the quartzitic, lower
part of this supergroup starts with a basal con-
glomerate and is intruded by a layered intrusion
dated at 2.4 Ga (Räsänen 1986). It also seems high-
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ly probable that the Tuntsa Supergroup was folded
before the formation of the Lapponia Supergroup
(Juopperi & Veki 1986).

In northern Finland the Karelia Supergroup con-
sists principally of quartzites (Silvennoinen 1985).
In the Central Lapland Schist Belt the quartzites
rest unconformably on the schists and metavol-
canics of the Lapponia Supergroup (Lehtonen e/
ol.1985, Kortelainen et al. 1986, Lehtonen 1986)
and extend discontinuouslv from Salla via Sodan-
kylä to Kittilä.

In the Peräpohja Schist Belt the Karelia Super-
group unconformably overlies layered gabbro in-
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Fig. l. Geological map of the central Lapland area, showing the major lithostratigraphic units and the study area. Modified
after Silvennoinen et al. 1980.
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Fig. 1. Geological map of the central Lapland area , showing the major lithostratigraphic units and the study area . Modified 
after Silvennoinen et al. 1980. 

con age of 2.8 Ga (Räsänen 1986). The granitiza
ti on of these supracrustals presumably took place 
about 2.6 Ga aga (Räsänen 1984, Silvennoinen 
1985) . 

The Lapponia Supergroup, which deposited on 
Archaean granitic gneisses and metavolcanic rocks, 
consists mainly of quartzites in its lower part and 
metavo1canics in its upper part. It is regarded as 
either Archaean (Gaal et al. 1978, Silvennoinen et 
al. 1980) or Proterozoic (Sirnonen 1980). Accord
ing to the latest observations, the quartzitic, lower 
part of this supergroup starts with a basal con
glomerate and is intruded by a layered intrusion 
dated at 2.4 Ga (Räsänen 1986). It also seems high-
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ly probable that the Tuntsa Supergroup was folded 
before the formation of the Lapponia Supergroup 
(Juopperi & Veki 1986). 

In northern Finland the Karelia Supergroup con
sists principally of quartzites (Silvennoinen 1985). 
In the Central Lapland Schist Belt the quartzites 
rest unconformably on the schists and metavol
canics of the Lapponia Supergroup (Lehtonen et 
al. 1985, Kortelainen et al. 1986, Lehtonen 1986) 
and extend discontinuously from Salla via Sodan
kylä to Kittilä . 

In the Peräpohja Schist Belt the Karelia Super
group unconformably overlies layered gabbro in-



trusions (Perttunen 1985). A conglomerate, de-
scribed by Härme (1949, p. 24\, containing gab-
bro pebbles underlies the lowest quartzites and thus
indicates a hiatus. The gabbro intrusions have been
dated at 2.4 Ga (Kouvo; in Alapieti 1982, p. I 1).
Accordingly, this is the lower age limit for the
Karelia Supergroup.

Granites of the Haparanda suite, 1.9 Ga (Welin
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et al. 1970), intrude the thick turbidite sequence
of the Svecofennia Supergroup overlying the Ka-
relia Supergroup (Perttunen 1985).

The large Central Lapland Granite Complex in-
cludes remnants of granitoids, metasediments and
metavolcanics. Obviously this Granite Complex
was regenerated from Archaean basement rocks
about 1.8 Ga ago (e.g. Lauerma 1982).

OUTLINES OF THE STRATIGRAPHY IN THE PYHATUNTUNI AREA

In the Pyhätunturi area a well-preserved se-
quence of the Karelia Supergroup is surrounded
by a supracrustal sequence of the Lapponia Super-
group (Fig. l). South of Pyhätunturi, the Lap-
ponian supracrustal sequence including mica
schist, mafic metavolcanics and quartzite is over-
lain by the conglomerate (Fig. 2) that starts the
Karelia Supergroup in the study area.

The Karelian sequence is divided into four for-
mations called, in stratigraphic order: Isokuru For-
motion, Pyhätunturi Formation, Kiimaselk(i For-
mation and Kallioaapa Formotion. They are all
upward-facing and only slightly folded (Fig. 3).
The intruding metadiabases have a zircon age of
2.0 Ga.

The Isokuru Formotion is composed of poly-
modal and polymictic orthoconglomerates and
paraconglomerates with arkosite interbeds. The

lowest part of the formation and its contact with
the basement are not exposed. The clasts are prin-
cipally derived from the Lapponian rocks.

The Pyhritunturi Formation overlying the Iso-
kuru Formation has a sharp basal contact, sug-
gesting that the conditions during sedimentation
changed abruptly. However, no unconformity has
been observed. The most characteristic features of
this formation are its homogeneous quartzitic com-
position and the lack of muddy rocks.

The overlying Kiimaselkä Formatlon consists
mostly of lava flows. All the lavas are massive and
homogeneous with amygdale-rich flow tops. They
are associated with minor tuffites.

The Kalliosapa Formotion, overlying the Kii-
maselkä Formation, consists of muddy siltstones,
dolomites and quartzites. Horizontal bedding, in-
cluding thin lamination and micro-crosslamina-

Fig. 2. Geological map of the Pyhätunturi area. Simplified after Mielikliinen (1979).
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trusions (perttunen 1985). A conglomerate, de
scribed by Härme (1949, p. 24), containing gab
bro pebbles underlies the lowest quartzites and thus 
indicates a hiatus. The gabbro intrusions have been 
dated at 2.4 Ga (Kouvo; in Alapieti 1982, p. 11). 
Accordingly, this is the lower age limit for the 
Karelia Supergroup. 

Granites of the Haparanda suite, 1.9 Ga (Welin 

et al. 1970), intrude the thick turbidite sequence 
of the Svecofennia Supergroup overlying the Ka
relia Supergroup (perttunen 1985) . 

The large Central Lapland Granite Complex in
eludes remnants of granitoids, metasediments and 
metavolcanics. Obviously this Granite Complex 
was regenerated from Archaean basement rocks 
ab out 1.8 Ga ago (e.g. Lauerma 1982). 

OUTLINES OF THE STRA TIGRAPHY IN THE PYHÄ TUNTURI AREA 

In the Pyhätunturi area a well-preserved se
quence of the Karelia Supergroup is surrounded 
by a supracrustal sequence of the Lapponia Super
group (Fig. 1). South of pyhätunturi, the Lap
ponian supracrustal sequence ineluding mica 
schist, mafic metavolcanics and quartzite is over
lain by the conglomerate (Fig. 2) that starts the 
Karelia Supergroup in the study area. 

The Karelian sequence is divided into four for
mations called, in stratigraphie order: Isokuru For
mation, Pyhätunturi Formation, Kiimaselkä For
mation and Kallioaapa Formation. They are all 
upward-facing and only slightly folded (Fig. 3). 
The intruding metadiabases have a zircon age of 
2.0 Ga. 

The Isokuru Formation is composed of poly
modal and polymictic orthoconglomerates and 
paraconglomerates with arkosite interbeds. The 
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lowest part of the formation and its contact with 
the basement are not exposed. The elasts are prin
cipally derived from the Lapponian rocks. 

The Pyhätunturi Formation overlying the Iso
kuru Formation has a sharp basal contact, sug
gesting that the conditions during sedimentation 
changed abruptly. However, no unconformity has 
been observed. The most characteristic features of 
this formation are its homogeneous quartzitic com
position and the lack of muddy rocks. 

The overlying Kiimaselkä Formation consists 
mostly of lava flows. All the lavas are massive and 
homogeneous with amygdale-rich flow tops. They 
are associated with minor tuffites. 

The Kallioaapa Formation, overlying the Kii
maselkä Formation, consists of muddy siItstones, 
dolomites and quartzites. Horizontal bedding, in
eluding thin laminat ion and micro-crosslamina-

Fig. 2. Geological map of the Pyhätunturi area. Simplified after Mielikäinen (1979). 
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tion, is common. Crossbeds and graded-beds, with
alternating silty and muddy layers capped by
mudcracks, are usually met with.

In the following, the Isokuru and Pyhätunturi
formations are described applying Miall's (1977,
1978, 1985) facies classification.

THE ISOKURU FORMATION

Geological setting and description

South of Pyhätunturi the Isokuru Formation is
700-1000 m thick, but it thins northwestwards.
As a result of deformation the primary sedimen-
tary features have been locally destroyed. The
scanty outcrops show that the lower part of the
formation consists of matrix-supported conglom-
erate (Gms) with mica-rich arkosite matrix. The
clasts are angular or subrounded and mainly con-
sist of pebble- and cobble-size granitoids, gneisses,
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volcanics, red jasper, laminated iron-formation,
schists and quartzites.

Quartzitic interbeds of sand facies (S-), l-10
m thick, showing weak stratification and con-
taining pebbly layers with normal- and inverse-
grading and cross-stratification also occur. Bed-
forms are commonly planar and the contacts of
the beds are often sharp.

The better exposed upper-part of the formation
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tion, is common. Crossbeds and graded-beds, with 
alternating silty and muddy layers capped by 
mudcracks, are usually met with. 

In the following, the Isokuru and pyhätunturi 
formations are described applying Miall's (1977, 
1978, 1985) facies elassification. 

THE ISOKURU FORMATION 

Geological setting and description 

South of Pyhätunturi the Isokuru Formation is 
700-1000 m thick, but it thins northwestwards. 
As a result of deformation the primary sedimen
tary features have been locally destroyed. The 
scanty outcrops show that the lower part of the 
formation consists of matrix-supported conglom
erate (Gms) with mica-rich arkosite matrix. The 
elasts are angular or subrounded and mainly con
sist of pebble- and cobble-size granitoids, gneisses, 
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vo1canics, red jasper, laminated iron-formation, 
schists and quartzites. 

Quartzitic interbeds of sand facies (S-), 1-10 
m thick, showing weak stratification and con
taining pebbly layers with normal- and inverse
grading and cross-stratification also occur. Bed
forms are commonly planar and the contacts of 
the beds are often sharp. 

The better exposed upper-part of the formation 



is characterized by upward-coarsening cycles often
tens of metres thick (Fig. 4). They start with mas-
sive or weakly stratified units of conglomerate bed-
sets (SG + GB) that contain boulders, cobbles and
pebbles and are overlain by units of arkosite bed-
sets (SB). Contacts between the cycles are often
sharp and erosional (Fig. 5). Normal and inverse
graded beds with transitional contacts appear in-
side the cycles. Clast-supported conglomerates
(Gm) dominate but matrix-supported conglomer-
ates (Gms) are also found. Tabular, horizontally
stratified beds (GB) 50 cm to 5 m thick and con-
tinuing laterally for tens or probably hundreds of
metres are common, but massive beds up to 20 m
thick also exist. The arkosic interbeds between the
conglomerate cycles are often washed out or
present only as remnants.

The matrix of the conglomerates is often mica-
rich medium- or coarse-grained arkose. The diam-
eter of the phenoclasts is commonly 5-15 cm (Fig.
6) but ranges from some centimetres to half a
metre. The phenoclast material consists principally
of dissimilar quartzites (80-90 9o), but vein
quartz, jaspilite, granitoids and volcanics are also
common. The most common clasts throughout the
formation are those of greenish coloured quartzite
of the Lapponia Supergroup. All the clasts are
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is characterized by upward-coarsening cyeles often 
tens of metres thick (Fig. 4). They start with mas
sive or weakly stratified units of conglomerate bed
sets (SG + GB) that contain boulders, cobbles and 
pebbles and are overlain by units of arkosite bed
sets (SB). Contacts between the cyeles are often 
sharp and erosion al (Fig. 5). Normal and inverse 
graded beds with transitional contacts appear in
side the cyeles. Clast-supported conglomerates 
(Gm) dominate but matrix-supported conglomer
ates (Gms) are also found. Tabular, horizontally 
stratified beds (GB) 50 cm to 5 m thick and con
tinuing laterally for tens or probably hundreds of 
metres are common, but massive beds up to 20 m 
thick also exist. The arkosic interbeds between the 
conglomerate cyeles are often washed out or 
present only as remnants. 

The matrix of the conglomerates is often mi ca
rich medium- or coarse-grained arkose. The diam
eter of the phenoelasts is commonly 5-15 cm (Fig. 
6) but ranges from some centimetres to half a 
metre. The phenoelast material consists principally 
of dissimilar quartzites (80- 90 0/0), but vein 
quartz, jaspilite, granitoids and volcanics are also 
common. The most common elasts throughout the 
formation are those of greenish coloured quartzite 
of the Lapponia Supergroup. All the elasts are 
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Fig. 6. A partly clast-supported conglomerate. The clasts within the arkosic matrix mainly consist of quartzite belonging
to the Lapponia Supergroup. Upper part of Isokuru Formation, Karelia Supergroup, Pyhätunturi area. Photo by authors.

rounded or well-rounded (Fig. 7). They are com-
monly strongly lineated, especially the flat clasts
of mica schist, the amount of which decreases
upwards.

The conglomerates contain interbeds of arkosite
bedsets (SB), which usually occupy the upper parts
of the conglomerate cycles whose tops are often
eroded. Composite bedsets up to l5-20 m thick

Fig. 7. A stratified conglomerate consisting of well-rounded pebbles of the Lapponian quartzite. Upper part of Isokuru
Formation, Karelia Supergroup, Pyhätunturi area. Photo by authors.
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Fig. 6. A partly elast-supported conglomerate . The elasts within the arkosic matrix mainly consist of quartzite belonging 
to the Lapponia Supergroup. Upper part of Isokuru Formation, Karelia Supergroup , Pyhätunturi area . Photo by authors. 

rounded or well-rounded (Fig . 7). They are com
monly strongly lineated, especially the flat elasts 
of mica schist, the amount of which decreases 
upwards. 

The conglomerates contain interbeds of arkosite 
bedsets (SB), which usually occupy the upper parts 
of the conglomerate cyeles whose tops are often 
eroded. Composite bedsets up to 15-20 m thick 

Fig. 7. A stratified conglomerate consisting of well-rounded pebbles of the Lapponian quartzite. Upper part of Isokuru 
Formation, Karelia Supergroup, Pyhätunturi area. Photo by authors . 
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are found only locally. Massive, horizontally
stratified beds (Sh), up to 5 m thick, are common
and may contain graded, laminated layers with
ripple marks (Sr) on the top. The thickness of a
single graded stratum commonly varies between
2 and l0 cm. Crossbeds display both planar (Sp)
and trough crossbedding (St). The most typical
sedimentary structures are gently sloping crossbeds
(Ss/Se) with erosional basal contacts. The trough
crossbedded units (St) often contain pebbles that
may form layers up to 30 cm thick and some
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muddy flasers (FllFsc).
The clastic texture of the cross-stratified inter-

beds is well preserved with subangular or sub-
rounded, medium- to coarse-grained quartz and
feldspar clasts. The matrix is often biotite-rich and
may contain small schist fragments. The horizon-
tally stratified beds are better sorted than the cross-
stratified ones. They contain well-rounded clasts,
mostly quartz, which are usually fine- to medium-
grained and occur in a mica-bearing matrix.

Interpretation

The lower part of the Isokuru Formation is
mainly composed of matrix-supported conglom-
erates (Gms) and arkosite interbeds (S-), which are
often strictly local.

Alluvial sediments are characterized by the ma-
trix-supported conglomerates regarded as debris
flow deposits (Collinson 1978). Other principal
features of alluvial fan deposits are rapid down-
slope facies changes together with debris flows
(Miall l97O). The debris flows commonly lack
internal stratification, but inverse and normal
grading are typically present (Nielsen 1982).

In paraglacial fans the debris flows associated
with glaciers, and derived from earlier glacially
eroded detritus, are relatively abundant and may
show stratified beds (e.g. Ryder l9l7a, b, Rust
r97s).

In proximal environments, debris flows com-
monly form thick, often upward-coarsening se-
quences. The subcycles ranging from 10 to 25 m
may be overlain by a thinner upward-fining sub-
sequence (Steel et ol. 1977, Heward 1978).

The upper part of the Isokuru Formation is
char acterized by clast-s upported conglomerates,
which, in general, are interbedded with quartzites
and are interpreted as ancient river deposits in
origin (Collinson 1978).

Most typical of the study area are the cyclic de-
posits composed of conglomerate (GB or SG +
GB) and arkosite (SB) units. These features are
common in large trunk rivers, where tabular bodies
of gravels (GB) are commonly interbedded with
lenses, sheets, blankets or wedges of sandy units
(SB) (Miall 1985).

The conglomerates (Gm or Gm + Gms) with
erosional basal contacts at the base of the cycles
are overlain by arkosites (St, Sp, Sr, Se, Ss) con-
taining muddy flasers (Fsc/Fl) (Fig. a). By anal-
ogy with Miall (1985), these are typical features
of channel-fill deposits.

The great majority of the clast-supported con-

glomerates (Gm) in the upper part of the Conglom-
erate Formation refer to bar deposits of proximal
braided rivers (e.g. Miall 1977, 1978, Rust 1972,
1978a, b). These gravel bars are generally longi-
tudinal (Boothroyd and Ashley 1975) and horizon-
tally bedded, but thick massive bedding is also
common, as verified by several authors e.g. Rust
(1975) and Rust and Koster (1984).

The horizontally stratified, tabular conglomer-
ate beds that probably extend for hundreds of
metres are interpreted as longitudinal bars. They
are most common among gravel bars (e.g. Rust
1972, Smith 1974) and may be hundreds of metres
long (Miall 1977). They are stable bedforms at the
flood stage when the whole bedload is in motion
(Rust 1978b).

The arkosite beds (Sh, Sp, St) at the top of each
upward-fining cycles include planar cross-stratified
(Sp) and horizontally stratified (Sh) sands with
some muddy flasers (Fig. a). They are interpreted
as products of downstream progressions resting
on gravels (Gm) (e.g. Miall 1978, Brady 1984), and
even the coarsest gravel successions contain sand
facies whereas mud facies is only sporadically pre-
served (Miall 1985). Hence, these arkosite beds are
indicative of slack water deposits, being either bar-
edge sand wedges or microdeltas (cf. Rust 1972,
Miall 1977).

The scarcity of muddy flasers (Fsc/Fl) in these
conglomerate cycles indicates the rarity of mud
facies (F-). In the present study area the flasers
are always associated with crossbedded arkosites
(Se + Ss) at the top of cycles and are interpreted
as scour fills. This is a common feature of proxi-
mal rivers, too, where mud layers are associated
only with abandoned channels, which commonly
have multistorey fills (e.g. Miall 1985).

In summary, the lower part of the Isokuru For-
mation mainly containing debris flow deposits
(Gms) and arkosite interbeds (S-) refers to proxi-
mal alluvial fan deposits. It also indicates an as-
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are found only 10caIly. Massive, horizontaIly 
stratified beds (Sh), up to 5 m thick, are common 
and may contain graded, laminated layers with 
ripple marks (Sr) on the top. The thickness of a 
single graded stratum commonly varies between 
2 and 10 cm. Crossbeds display both planar (Sp) 
and trough crossbedding (St). The most typical 
sedimentary structures are gently sloping crossbeds 
(Ss/ Se) with erosion al basal contacts. The trough 
crossbedded units (St) often contain pebbles that 
may form layers up to 30 cm thick and some 

muddy flasers (FIIFsc). 
The elastic texture of the cross-stratified inter

beds is weIl preserved with subangular or sub
rounded, medium- to coarse-grained quartz and 
feldspar elasts. The matrix is often biotite-rich and 
may contain smaIl schist fragments . The horizon
taIly stratified beds are better sorted than the cross
stratified ones. They contain weIl-rounded elasts, 
mostly quartz, which are usuaIly fine- to medium
grained and occur in a mica-bearing matrix. 

Interpretation 

The lower part of the Isokuru Formation is 
mainly composed of matrix-supported conglom
erates (Gms) and arkosite interbeds (S-), which are 
often strictly local. 

Alluvial sediments are characterized by the ma
trix-supported conglomerates regarded as debris 
flow deposits (CoIlinson 1978) . Other principal 
features of alluvial fan deposits are rapid down
slope facies changes together with debris flows 
(Miall 1970). The debris flows commonly lack 
internal stratification, but inverse and normal 
grading are typicaIly present (Ni elsen 1982). 

In paraglacial fans the debris flows associated 
with glaciers, and derived from earlier glacially 
eroded detritus, are relatively abundant and may 
show stratified beds (e.g. Ryder 1917a, b, Rust 
1975). 

In proximal environments, debris flows com
monly form thick, often upward-coarsening se
quences. The subcyeles ranging from 10 to 25 m 
may be overlain by a thinner upward-fining sub
sequence (Steel et al. 1977, Heward 1978). 

The upper part of the Isokuru Formation is 
characterized by elast-supported conglomerates, 
which, in general, are interbedded with quartzites 
and are interpreted as ancient river deposits in 
origin (Collinson 1978). 

Most typical of the study area are the cyelic de
posits composed of conglomerate (GB or SG + 
GB) and arkosite (SB) units. These features are 
common in large trunk rivers, where tabular bodies 
of gravels (GB} are commonly interbedded with 
lenses, sheets, blankets or wedges of sandy units 
(SB) (Miall 1985). 

The conglomerates (Gm or Gm + Gms) with 
erosional basal contacts at the base of the cyeles 
are overlain by arkosites (St, Sp, Sr, Se, Ss) con
taining muddy flasers (Fsc/FI) (Fig. 4). By anal
ogy with Miall (1985), these are typical features 
of channel-fill deposits. 

The great majority of the elast-supported con-

glomerates (Gm) in the upper part of the Conglom
erate Formation refer to bar deposits of proximal 
braided rivers (e.g. MiaIlI977, 1978, Rust 1972, 
1978a, b). These gravel bars are generaIly longi
tudinal (Boothroyd and Ashley 1975) and horizon
tally bedded, but thick massive bedding is also 
common, as verified by several authors e.g. Rust 
(1975) and Rust and Koster (1984). 

The horizontally stratified, tabular conglomer
ate beds that probably extend for hundreds of 
met res are interpreted as longitudinal bars . They 
are most common among gravel bars (e.g. Rust 
1972, Smith 1974) and may be hundreds of metres 
long (MiallI977). They are stable bedforms at the 
flood stage when the wh oIe bedload is in motion 
(Rust 1978b). 

The arkosite beds (Sh, Sp, St) at the top of each 
upward-fining cyc1es inc1ude planar cross-stratified 
(Sp) and horizontally stratified (Sh) sands with 
so me muddy flasers (Fig. 4). They are interpreted 
as products of downstream progressions resting 
on gravels (Gm) (e.g. Miall1978, Brady 1984), and 
even the coarsest gravel successions contain sand 
facies whereas mud facies is only sporadically pre
served (MiaU 1985). Hence, these arkosite beds are 
indicative of slack water deposits, being either bar
edge sand wedges or microdeltas (cf. Rust 1972, 
Miall 1977). 

The scarcity of muddy flasers (Fsc/FI) in these 
conglomerate cyeles indicates the rarity of mud 
facies (F-). In the present study area the flasers 
are always associated with crossbedded arkosites 
(Se + Ss) at the top of cyeles and are interpreted 
as scour fills. This is a common feature of proxi
mal rivers, too, where mud layers are associated 
only with abandoned channels, which commonly 
have multistorey fills (e.g. Miall 1985). 

In summary, the lower part of the Isokuru For
mation mainly containing debris flow deposits 
(Gms) and arkosite interbeds (S-) refers to proxi
mal alluvial fan deposits. It also indicates an as-
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sociation of paraglacial alluvium with ancient
glaciofluvial deposits as described by Rust and
Koster (1984).

The upper parts of the Isokuru Formation, com-
posed mainly of clast-supported gravels (Gm) over-
lain by sandy bedsets (Sp, St, Sr) exhibit features
similar to those observed by Rust (1975) in the

gravelly braided river deposits of modern para-
glacial environments. They also resemble the de-
posits typical of very large streams, e.g. trunk
rivers, as described by Rust and Koster (1984).

According to Miall (1977, 1978, 1985), most
gravelly rivers tend to show a proximal to distal
gradation of fluvial styles.

PYHATUNTURI FORMATION

Geological setting and description

The 1600-1900 m thick Pyhätunturi Formation
rests on the Isokuru Formation without observed
unconformity (Fig. 8). The lowermost part con-
sists of arkosic quartzite only 5-6 m thick. The
rock is coarse-grained and rarely contains well-
rounded quartzitic pebbles. The bulk of the qüartz-
ites are homogeneous and medium to coarse-
grained (diameter 0.2-1.0 mm). They are very
pure, pink to white in colour and contain detrital,
well-rounded tourmaline, zircon and opaque grains

as accessory minerals. Feldspars are rare and the
clastic texture is well-preserved. The matrix (15 to
20 Vo) consists mostly of quartz and sericite.

A highly peculiar feature throughout the Pyhä-

tunturi Formation is the alternation of planar
cross-stratified beds (Sp) and horizontal stratified
beds (Sh) with ripple marks (Sr) (Fig. 9). What is
more the tabular beds (SB) commonly continue for
more than a hundred metres laterally.

The cross-stratified sets are between 20 cm and
160 cm thick, being 75 cm on average, and dis-
play both angular and tangential cross-bedding
(Fig. l0). The cross-stratified sets are commonly
overlain by simple sandy bedsets showing hori-
zontal lamination and ripple marks (Sh + Sr).
Their thickness varies between 0.5 cm and l5 cm.
and that of single beds between I mm and 5 mm.
Both symmetrical and asymmetrical ripple marks

;i!'

Fig. 8. Contact between the Isokuru Formation (left) and the Pyhätunturi Formation (right). Karelia Supergroup, Pyhätun-
turi area. Photo by authors.
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sociation of paraglacial alluvium with ancient 
glaciofluvial deposits as described by Rust and 
Koster (1984). 

The upper parts of the lsokuru Formation, com
posed mainly of clast-supported gravels (Gm) over
lain by sandy bedsets (Sp, St, Sr) exhibit features 
similar to those observed by Rust (1975) in the 

gravelly braided river deposits of modern para
glacial environments. They also resemble the de
posits typical of very large streams, e.g. trunk 
rivers, as described by Rust and Koster (1984). 

According to Miall (1977, 1978, 1985), most 
gravelly rivers tend to show a proximal to distal 
gradation of fluvial styles. 

PYHÄ TUNTURI FORMATION 

Geological setting and description 

The 1600-1900 m thick pyhätunturi Formation 
rests on the lsokuru Formation without observed 
unconformity (Fig. 8) . The lowermost part con
sists of arkosic quartzite only 5-6 m thick. The 
rock is coarse-grained and rarely contains well
rounded quartzitic pebbles . The bulk of the quartz
ites are homogeneous and medium to coarse
grained (diameter 0.2-1.0 mm). They are very 
pure, pink to white in colour and contain detrital, 
well-rounded tourmaline, zircon and opaque grains 
as accessory minerals. Feldspars are rare and the 
clastic texture is well-preserved. The matrix (15 to 
20 070) consists mostly of quartz and sericite. 

A highly peculiar feature throughout the Pyhä-

tunturi Formation is the alternation of planar 
cross-stratified beds (Sp) and horizontal stratified 
beds (Sh) with ripple marks (Sr) (Fig. 9). What is 
more the tabular beds (SB) commonly continue for 
more than a hundred metres laterally. 

The cross-stratified sets are between 20 cm and 
160 cm thick, being 75 cm on average, and dis
play both angular and tangential cross-bedding 
(Fig. 10). The cross-stratified sets are commonly 
overlain by simple sandy bedsets showing hori
zontal lamination and ripple marks (Sh + Sr). 
Their thickness varies between 0.5 cm and 15 cm, 
and that of single beds between 1 mm and 5 mm. 
Both symmetrical and asymmetrical ripple marks 

Fig. 8. Contact between the Isokuru Formation (left) and the pyhätunturi Formation (right). Karelia Supergroup, Pyhätun
turi area. Photo by authors . 
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Fig. 9. Cross-stratified and horizontally stratified tabular, sandy bedforms. Note thin. shallow scour
fill in the centre. Length of white scale bar 1.5 m. Lower part of Pyhätunturi Formation, Karelia
Supergroup, Pyhätunturi area. Photo by authors.
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Fig . 9. Cross-stratified and horizontally stratified tabular, sandy bedforms. Note thin , shallow scour 
fill in the centre. Length of white scale bar 1.5 m. Lower part of Pyhätunturi Formation, Karelia 
Supergroup , Pyhätunturi area. Photo by authors. 
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are met with (Fig. I l). According to the ripple
index (Collinson and Thomson 1982, p.59), cur-
rent ripples (RI : 7.5-16.8) dominate, but wave
ripples (RI < 6) occur, too. Small-scale trough
crossbeds (Se, Ss) are rare and solitary.

Consisting of planar crossbeds (Sp) and mas-
sive beds (Sh), some large slumping and sliding
structures (Fig. l2), associated with primary slips
and highly deformed sandy bedsets are found.
Between the deformed units (Fig. l3) there are bed-
sets, l0-150 cm thick, consisting of cross-strati-

Fig. 11. Asymmetric current ripples on top of a horizontal, laminated bed. Lower
part of Pyhätunturi Formation, Karelia Supergroup, Pyhätunturi area. Photo by
authors.

fied beds (St/Sp) overlain by horizontal stratified
beds (Sh). Some wavy stratified beds (Sh) in the
upper part of the Pyhätunturi Formation (Fig. l4)
include tangential, very low-angle cross-stratified
beds (St) commonly associated with planar cross-
beds (Sp).

The crossbeds indicate a unimodal palaeocur-
rent direction to the north-northwest (Fig. l5). The
current ripples suggest almost the same main
palaeocurrent direction.

Interpretation

The Pyhätunturi Formation is characterized by
tabular beds (SB), which are a common feature
in distal braided river deposits where tabular sandy
bedlbrms (SB) are dominant (Miall 1985). Further-
more, in this formation the planar cross-stratified
beds (Sp) are often associated with horizontally
stratified beds (Sh + Sr). According to Miall
(1977, 1978), this is a typical feature of deposits
of sandy rivers, as is the association of wavy stra-
tified beds (Sh) with low-angle stratified beds (St).

The planar cross-stratified beds (Sp) have been
interpreted as transverse and linguoid bars, which
are the most typical deposits of sandy braided
rivers (e.g. Smith 1971,1972, Miall 1977). These
planar beds, with a thickness of 20-160 cm, con-
tinue for tens of metres laterally - which is an-
other characteristic feature of transverse and
linguoid sand bars (Miall 1977). Hence sandy rivers
differ from gravelly rivers, where longitudinal
gravel bars dominate (Rust 1972).

Requirements for the formation of bar deposits
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are a continuous supply of sedimentary material
and a moderate depth of water (Smith l974,Miall
1977). According to Miall (1981), transverse bars
have straighter crests than linguoid ones. There-
fore it is likely that transverse bars are the domi-
nant type in the quartizites of Pyhätunturi. Fine-
grained, sorted sedimentary material favours the
formation of transverse bars with peculiar down-
stream structures (Smith 1970). However, without
a detailed study of palaeocurrents (Miall lg77), ir
is difficult to distinguish between these two bar
types.

The horizontal stratified beds (Sh) wirh ripple
lamination (Sr) commonly overlie the cross-strati-
fied beds (Sp). According to Miall (1977), when
the water level is falling and the current abating,
bar deposits are followed by horizontal beds (Sh)
and ripples (Sr) indicating a lower flow regime.
Similar structures have been described by Miall
(1981) and Smith (1971) from the top of bars.

The wavy stratified beds (Sh) containing low-
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Fig. 11 . Asymmetrie eurrent ripples on top of a horizontal, laminated bed. Lower 
part of Pyhätunturi Formation, Karelia Supergroup, pyhätunturi area. Photo by 
authors. 

are met with (Fig. 11). According to the ripple 
index (CoUinson and Thomson 1982, p. 59), cur
rent ripples (RI = 7.5-16.8) dominate, but wave 
ripples (RI < 6) occur, too. SmaU-scale trough 
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Between the deformed units (Fig. 13) there are bed
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include tangential, very low-angle cross-stratified 
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The plan ar cross-stratified beds (Sp) have been 
interpreted as trans verse and linguoid bars, which 
are the most typical deposits of sandy braided 
rivers (e.g. Smith 1971, 1972, MiaU 1977). These 
planar beds, with a thickness of 20-160 cm, con
tinue for tens of metres lateraUy - which is an
other characteristic feature of transverse and 
linguoid sand bars (MiaU 1977). Hence sandy rivers 
differ from graveUy rivers, where longitudinal 
gravel bars dominate (Rust 1972). 

Requirements for the formation of bar deposits 
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Fig. 13. Detailed cross-section of the middle part of the Pyhätunturi Formation showing the litho-
facies and interpreted sedimentary process. Note occurrence of deformed structures, Karelia Super-
group, Pyhätunturi area.
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PYHATUNTURI
PALEOCURRENT

n:55

Fig. 15. Palaeocurrent rose ofthe pyhä-
tunturi Formation, showing broad uni-
modal direction towards northwest. Kare-
lia Supergroup, Pyhätunturi area.

angle cross-stratified beds (St) in association with
planar cross-stratified beds (Sp) (Fig. l4) are in-
terpreted as dunes. They are common features of
sandy streams (Miall 1985), and usually occur in
the shallower parts of channels in association with
transverse bars or sand waves as described by Blod-
gett and Stanley (1980). The rare small-scale trough
crossbeds (Se, Ss) in the Pyhätunturi quartzites are
interpreted as scour fills.

Transverse and linguoid bars are frequent de-
posits in braided rivers. They are found particu-
larly in a sandy, exceptionally broad and shallow
river type lacking well-defined topographic dif-
ferentation between active and inactive areas (Miall
1977,1981, Smith 1970,1971, Asquith & Cramer
1975). They are all dominated by Sp lithofacies
and have little or no internal cyclicity. The Sp
lithofacies consists of superimposed sets of sand
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waves and transverse and,/or linguoid bars, many
of which are capped by Sr and Fl lithofacies. These
are represented by the migration of fields of sand
waves and bars with bar top facies deposited dur-
ing falling water level (Smith 1970, l97l and 1972\.
The St lithofacies is sparse, reflecting the rarity
of deep channels (Miall 1982).

The slumping structures and deformed bedsets
of the Sp and Sh lithofacies suggest subaqueous
deformation. If the sediments deposited very
rapidly, the sedimentary structures might have
been disturbed. However, these features are not
common in a braided river environment (Miall
1984). In contrast, slumps, slides and extensional
faults are more common in river-dominated deltas
(Coleman et al. 1983, Winkler and Edwards 1983).
This is attributed to the instability and oversteepen-
ing caused by a high input of sedimentary mate-
rial into the basin.

The deformed bedsets at Pyhätunturi are always
overlain by horizontal stratified beds, including
some cross-stratified beds. They fill ancient, un-
even surfaces (Fig. 12) and at least one gravel lag
is associated with them (Fig. l3). These features
indicate channel-fill deposits (Hopkins 1985), but
because other characteristic features of channel
structures are not found they are regarded as dis-
turbed, layered bar structures probably associated
with the channels.

The Pyhätunturi Formation has many similari-
ties to recent braided river deposits, especially
those studied by Smith (1970 and l97l) and Blod-
gett and Stanley (1980). The vertical profiles sug-
gest the Platte type of Miall (1977 and 1978) in
which bar deposits are dominant. On the basis of
the architectural-element analysis of Miall (1985),
these quartzites resemble a sandy type with sandy
bedforms, SB, as the dominant element. The Py-
hätunturi Formation has many features similar to
the model of broad and shallow, low-sinuosity
streams carrying an abundant sand bedload de-
scribed by Crowley (1983) and Miall (1985).

S

DISCUSSION

In the present work the models of fluvial de-
posits are based on modern analogies. The be-
haviour of Proterozoic fluvial systems may, how-
ever, have been drastically different from that of
present-day ones (Long 1978). The lack of land
vegetation alone during the Proterozoic may have
made conditions different from what thev have
been more recently.

The palaeoanalyses are based on the interpre-
tation of sedimentary structures and vertical and
lateral profiles. Although the Pyhätunturi area is
rather well exposed, extensive areas are covered,
and the lateral continuity of large sedimentary
structures can seldom be observed. On rare occa-
sions, outcrops offer opportunities for complete
three-dimensional analyses. As Miall (1985) warns,
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sandy streams (MiaU 1985), and usuaUy occur in 
the shaUower parts of channels in association with 
transverse bars or sand waves as described by Blod
gett and Stanley (1980) . The rare smaU-scale trough 
crossbeds (Se, Ss) in the Pyhätunturi quartzites are 
interpreted as scour fills. 

Transverse and linguoid bars are frequent de
posits in braided rivers. They are found particu
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been disturbed. However, these features are not 
common in a braided river environment (MiaU 
1984). In contrast, slumps, slides and extensional 
faults are more common in river-dominated deltas 
(Coleman et al. 1983, Winkler and Edwards 1983). 
This is attributed to the instability and oversteepen
ing caused by a high input of sedimentary mate
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even surfaces (Fig. 12) and at least one gravellag 
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indicate channel-fill deposits (Hopkins 1985), but 
because other characteristic features of channel 
structures are not found they are regarded as dis
turbed, layered bar structures probably associated 
with the channels. 

The Pyhätunturi Formation has many similari
ti es to recent braided river deposits, especially 
those studied by Smith (1970 and 1971) and Blod
gett and Stanley (1980). The vertical profiles sug
gest the Platte type of MiaU (1977 and 1978) in 
which bar deposits are dominant. On the basis of 
the architectural-element analysis of Miall (1985), 
these quartzites resemble a sandy type with sandy 
bedforms, SB, as the dominant element. The Py
hätunturi Formation has many features similar to 
the model of broad and shaUow, low-sinuosity 
streams carrying an abundant sand bedload de
scribed by Crowley (1983) and MiaU (1985). 

DISCUSSION 

In the present work the models of fluvial de
posits are based on modern analogies. The be
haviour of Proterozoic fluvial systems may, how
ever, have been drastically different from that of 
present-day ones (Long 1978). The lack of land 
vegetation alone during the Proterozoic may have 
made conditions different from what they have 
been more recently. 

The palaeoanalyses are based on the interpre
tation of sedimentary structures and vertical and 
lateral profiles. Although the Pyhätunturi area is 
rather weU exposed, extensive areas are covered, 
and the lateral continuity of large sedimentary 
structures can seldom be observed. On rare occa
sions, outcrops offer opportunities for complete 
three-dimensional analyses. As MiaU (1985) wams, 
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small-scale observations from limited outcrops
may lead to classification of a facies assemblage
as a small- or medium-scale structure, whereas it
is in reality part of a higher ranking structure.

In the Pyhätunturi area a conglomerate over-
lies mica schists (Mielikainen 1979). The lowermost
part of this conglomerate, the lower part of the
Isokuru Formation, is, however, poorly exposed
and the contact is covered. The topmost part of
the Pyhätunturi Formation is also covered, and
its contact with the Kiimaselkä Formation is seen

only in a drill core. Despite these drawbacks, the
sedimentology of the supracrustal rocks can be in-
terpreted.

Alluvial conglomerates, of which the Isokuru
Formation is an example, are regarded as indi-
cators of sharp terrestrial relief resulting from
lithospheric uplift. Many of these successions are
thick, suggesting their formation in a tectonically
influenced setting (e.g. Miall 1970, Steel et al.
1977). Most ancient fan successions show distinct
cyclicity, ascribed to periodic tectonism, and the
ancient braidplains also owe their origin to tectonic
causes (Miall l98l). Migration of the active and
inactive tracts can result in cyclic sedimentary se-
quences (Rust and Koster 1984).

Alluvial fan deposits are usually formed adja-
cent to fault scarps or to regions of high relief and
hence they are more local accumulations than the
widespread braidplain deposits, which, according
to Rust and Koster (1984), are formed in response
to major tectonic uplift.

As in the Pyhätunturi Formation, fluvial dis-
tributary channels in fluvial-dominated delta plains
(Elliot 1978) are characterized by unidirectional
flow with periodic stage fluctuations and are there-
fore similar to channels in strictly alluvial systems.
These channel-fill deposits are frequently upward-
fining sequences, which, however, are uncommon
in the quartzites of Pyhätunturi. Upward-coar-
sening cycles or sequences - the most character-
istic feature of river-dominated deltaic sediments
(Miall 1976) or delta front sediments (Elliot 1978)

- are also almost entirely lacking in the Pyhätun-
turi area. The characteristic features of tide-domi-
nated delta plains, including bimodality in the flow
direction and a frequency of small-scale facies vari-
ations in a vertical sense @lliot 1978), are also lack-
ing in the Pyhätunturi Formation.

All the Jatulian formations north of the Cen-
tral Lapland Granite Complex, which runs from
Salla to Kittilä (Fig. l), are sedimentologically very
similar to each other (Kortelainen et al. 1986).
They are characteristically very thick and mainly
consist of fluvial conglomerates and quartzites
overlain by siltstones. Some parts of them are
thought to be deltaic accumulations (Räsänen
1977, Haimi 1977 and Kortelainen 1983). They
often exhibit unimodal palaeocurrent distributions,
with the main mode to the north or west-north-
west. Therefore, they differ distinctly from the un-
derlying Lapponian quartzites, which show a con-
siderable variation in facies assemblages and a
rough bimodal-bipolar palaeocurrent distribution,
suggesting that their provenance was in the north
(Nikula 1985, Räsänen 1986). (Editors'note: see

also Nikula, this volume)
The Jatulian formations in the Central Lapland

Schist Belt form a long and narrow zone. The
underlying Lapponia Supergroup contains terres-
trial metasediments overlain by a thick sequence
of metavolcanics, suggesting formation in an in-
tracontinental rift system setting. The Jatulian
formations in this area overlie unconformably the
Lapponian sequence and seem to be associated
with ancient failed rifts.

The Jatulian successions in the Kuusamo Schist
Belt also mainly rest on the Lapponian supra-
crustal sequence but in the south they deposited
directly on the Archaean Basement Complex (Sil-
vennoinen 1972,1973,1985). The existence of Lap-
ponian supracrustal rocks has not yet been veri-
fied in the Peräpohja Schist Belt, where in the
south of the area, the Jatulian formations partly
lie on the Archaean basement and partly on layered
intrusions (Perttunen 1985).

CONCLUSIONS

Early Proterozoic Jatulian conglomerates and
the overlying quartzites in the Pyhätunturi area
represent ancient fluvial deposits. On the basis of
the main lithofacies associations the fluviatile suc-
cession is divided into the Isokuru Formation with
a lower and upper member and the Pyhätunturi
Formation.
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The poorly sorted lower member of the Isokuru
Formation consists of matrix-supported, poly-
mictic conglomerates and mica-rich arkosite inter-
beds. It displays features suggestive of alluvial fan
deposits with debris flows and water-laid sedi-
ments.

Distinct interbedding of clast-supported con-
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underlying Lapponia Supergroup contains terres
trial metasediments overlain by a thick sequence 
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formations in this area overlie unconformably the 
Lapponian sequence and seem to be associated 
with ancient failed rifts. 

The J atulian successions in the Kuusamo Schist 
Belt also mainly rest on the Lapponian supra
crustal sequence but in the south they deposited 
directly on the Archaean Basement Complex (Sil
vennoinen 1972, 1973, 1985). The existence of Lap
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The poorly sorted lower member of the Isokuru 
Formation consists of matrix-supported, poly
mictic conglomerates and mica-rich arkosite inter
beds. It displays features suggestive of alluvial fan 
deposits with debris flows and water-laid sedi
ments. 

Distinct interbedding of clast-supported con-



glomerates with arkosite beds characterizes the
upper member of the lsokuru Formation. The beds
form upward-fining cyclic sequences often with
erosional bases. Tabular gravelly beds are domi-
nant in the formation. On the basis of its com-
position and sedimentary structures, the upper
member is interpreted as a proximal, gravelly river
deposit. The abundance of quartzite clasts and
their roundness indicate moderate maturitv and
previously reworked material.

The impetus to this work was given by the sedi-
mentological studies carried out by Professor Kau-
ko Laajoki, who also visited the study area and
encouraged us with his good advice and ideas. We
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contact between the formations is sharp and prob-
ably erosional. The most common features of the
quartzites are tabular sandy bedforms. Cross-
bedded sheets are dominant and alternate with
horizontal-bedded sheets and wavy-laminated
sheets. The fairly stratified sequences, principal-
ly consisting of medium- to fine-grained and well-
rounded quartz clasts, refer to the uniformity of
the stream and the high maturity of the sedimen-
tary material. The Pyhätunturi Formation is in-

are also grateful to colleagues Esko Korkiakoski
and Vesa Perttunen for critically reading the
manuscript. The figures were drawn by Ms. Mar-
jatta Kanste.

The Isokuru Formation is overlain by the ma- terpreted as a distal deposit of an ancient braided
ture, homogeneous Pyhätunturi Formation. The river.
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glomerates with arkosite beds characterizes the 
upper member of the Isokuru Formation. The beds 
form upward-fining cyelic sequences often with 
erosional bases. Tabular gravelly beds are domi
nant in the formation. On the basis of its com
position and sedimentary structures, the upper 
member is interpreted as a proximal, gravelly river 
deposit. The abundance of quartzite elasts and 
their roundness indicate moderate maturity and 
previously reworked material. 

The Isokuru Formation is overlain by the ma
ture, homogeneous Pyhätunturi Formation. The 

contact between the formations is sharp and prob
ably erosional. The most common features of the 
quartzites are tabular sandy bedforms. Cross
bedded sheets are dominant and alternate with 
horizontal-bedded sheets and wavy-Iaminated 
sheets. The fairly stratified sequences, principal
ly consisting of medium- to fine-grained and well
rounded quartz elasts, refer to the uniformity of 
the stream and the high maturity of the sedimen
tary material. The Pyhätunturi Formation is in
terpreted as a distal deposit of an ancient braided 
river. 
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The small part of the Scandinavian Caledonides that is in Finnish terri-
tory is the only area in Finland where late Precambrian to Cambrian sedi-
mentary rocks are exposed to any extent. The unaltered rocks have been
protected from erosion under the hard cover of Caledonian thrust sheets,
in a frontal zone 40-50 km in length and hundreds of metres in width.
The lower unit, the Dividal Group, consists of a basal conglomerate covered
by a sequence of alternating beds of shale and quartz sandstone. This is
followed by the parautochthonous Jerta Nappe ofbluish quartzites, dolo-
mites and slates.

These rocks have preserved primary sedimentary structures, proving them
to be parts of consistent zones of the platform margin deposits formed
on the Fennoscandian Shield towards the end of Precambrian time. The
old Archaean crystalline rocks of their basement delivered chemically and
physically mature material to the above sequences. The transgression of
the lapetus Ocean first thoroughly swept the old basement clean of its
weathering products, and then transported them into an orderly succes-
sion of littoral coarse clastics to shallow sea sands and clays and even to
the unoxidized and precipitation facies of the present alum shales and
dolomites. The monotonous sedimentation of the mature material at the
margin of the old craton, close to the evolving Caledonian miogeocline,
is fresh evidence from the Finnish sector of the similarity in the weather-
ing conditions and depositionary environments in this area towards the end
of the Precambrian.
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INTRODUCTION

The Finnish Caledonides form a structurally
complex and young unit in the Finnish bedrock.
They have been discussed superficially in current
terms by Lehtovaara (1984). The mountain chain
makes an early Palaeozoic tectonic contribution
to the otherwise much older, Precambrian, locally
perhaps Archaean (see Matisto 1969; Papunen &
Vorma 1985), composition of its foreland. Conse-

quently, sedimentary material that would become
involved in the Caledonian orogeny had quite a
long time in which to mature.

The Finnish portion of the Scandinavian Cale-
donides in the far northwest of Finnish Lapland
is but a minute part of the whole mountain range,
which is also known as the Scandes (Gee 1975).
lt includes merely the lower tectonostratigraphic
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units of the northern Caledonides (Lehtovaara
1986a). A piling up of overthrust sheets charac-
teristic of the Scandinavian Caledonides (Ramsay
et al. 1985; Roberts & Cee 1985) took place here
during the early, Finnmarkian, phase of the orog-
eny approximately 500 million years ago, some 100

million years before the main, Scandian, phase of
the orogeny (Sturt & Roberts 1978).

Because the main tectonic feature of the Cale-
donides is that they are made up of strongly al-
lochthonous thrust plates displaced to the east-
southeast (Roberts & Gee 1985), these hard, even
mylonitic, nappe rocks have protected the lowest,
autochthonous sedimentary units from erosion.
The units comprise the fully autochthonous Divi-
dal Group (Foyn 1967) of clastic sedimentary rocks
and the slightly altered, but apparently sedimen-
togenous, parautochthonous Jerta Nappe (Skjer-
lie & Tän 196l) of clastic and dolomitic rocks.

These sedimentary rocks are exposed only along
the linear eastern border zone of the mountain
range that, in Finnish territory, strikes NE some
40-50 km from Kilpisjärvi (Fig. l). They crop out

moderately just below and a few hundreds of
metres ahead of the steep frontal cliffs of the
lowest, blastomylonitic Kalak thrust plates (Leh-
tovaara 1985, 1986a). The sedimentary rocks are,
however, most frequently visible as very local frag-
ments that may totally cover the poorly vegetated
surface of the soil (Fig. 2).

In the following, first the major sedimentary fea-
tures of the Dividal and Jerta rocks are presented,
in chronological order as far as possible. Then
conclusions are drawn about the significance and
succession of events during sedimentation.

It is generally understood that, in their typical
basement/cover sequences, the overlying schistose
Finnmarkian thrust sheets also contain fully meta-
morphosed counterparts of sedimentation coeval
with Dividal and Jerta units (Ramsay l97l1' Roberts
1974: Zwaan & Roberts 1978). For lack of concrete
evidence, the claim has, however, been difficult to
substantiate. Since all the primary structures have
seemingly been lost in the frontal thrusts, no effort
is made here to discuss these units toeether with
the preserved ones.
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Fig. 2. Fragments of the Dividal shale broken practically in the place of formation. Such barren grounds
are more common than true outcrops of sedimentary rocks. South of Kahperusladnja (see Fig. l).

SEDIMENTARY UNITS

Conventional stratigraphy of the Dividal Group
has been described from selected representative lo-
calities in neighbouring Norway and Sweden (Kul-
ling 1964; Yogt 1967;Fayn 1967) and to some de-
gree in Finland by Hausen (1942).In the Jerta Nap-
pe the original sequence of strata is tectonically
imbricated, making its stratigraphic position and
internal succession less clear (Zwaan & Roberts
1978; khtovaara 1986b). Unfinished bedrock

Sub-Caledonian

The lowest unit of the column, the pre-
Caledonian gneissose-granitoid basement, termi-
nates upwards with an angular unconformity of
the first order. This erosion surface is the sub-
Caledonian peneplain (Hausen 1942; I_ehtovaara
1985). The long-eroded unconformity really ap-
proaches the definition of a peneplain in the ver-
tical dimension, too. In contrast to the thick
weathering mantles observed on the Norwegian
side of the border, not far to the east of the Finn-
ish area (Fareth et al. 1977), the products of the
long weathering spell have instead in the Finnish
outcrops been swept away from the surface of the
basement.

Tilted by some 3-4 degrees, the sub-Caledonian
erosion surface dips under the Caledonides. Tilt-

t7

mapping in the Halti area (Lehtovaara 1984) has
provided further evidence of the thinness and dis-
continuity of single, outcropped Jerta beds. For
these reasons, only a qualitative (tectono)strati-
graphic column (Fig. 3) was compiled for the pre-
sent work. It does not represent one certain Fin-
nish location but gives the maximum variation of
beds in the total rock pile of the autochthonous
units.

unconformity

ing was obviously enhanced by orogenic move-
ments (Lehtovaara 1985). The striking linearity of
the present Caledonian front may also be attributed
to the tilting because preserved outliers east of the
border of the contiguous orogen are rare (only one
in Finland).

Rocks similar to the gneisses and granitoids of
the old basement, and now exposed in the vicinity
of the Caledonides (Matisto 1969), were the main
deliverers of the clastic and dissolved material that
deposited as the Caledonian autochthon. The old
erosion surface was not worn down to a completely
flat plain but some relief was left (khtovaara
1985). In the end of the Precambrian a forming
ocean began to transgress onto the margin of this
old craton and cleaned off its weathering cover.
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The Dividal Group used to be known as the
Hyolithus Zone, after a rare fossil never reported
to be found in Finland. The original name, the Di-
vidal Group, has now been reinstated (Foyn 1967)
as the lithostratigraphic name for the marker unit
characterized by its prominent continuity along the
border of the northern Caledonides.

The Dividal Group is not a thick unit, its maxi-
mum thickness never exceeding 200 m in Finland
and only rarely so in the neighbouring countries
(Hausen 1942; Yogt 1967; Fayn 1967; Zwaan &
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Fig. 3. Tectonostratigraphic column of
the lowest, autochthonous units of the
Finnish Caledonides: the sedimentary se-
quence of the Dividal Group lies in the
site of formation and the overlying Jer-
ta Nappe has been overthrust a short dis-
tance to its present position and also been
imbricated.

Group

Gautier 1980; Foyn et al. 1983). In the field this
sequence does not crop out continuously because
of later planing by overthrusts or erosion and be-
cause of nondeposition on basement highs. Repre-
sentative sections in Finland are found at Kurbbet-
sohkka, Kahperusladnj a, Kuonj arvagge and Pikku-
Malla (Fig. l). The most complete one is at Kurb-
betsohkka. This is the "type section" of Hausen
(1942), who had prepared it, however, by interpo-
lating from discontinuous outcrop data.
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Basal conglomerate

The section begins with a basal conglomerate
resting directly on the Precambrian basement with-
out tillites or other coeval sedimentary rocks. The
conglomerate is oligomictic, often also quite mo-
nomictic (Fig. a). Its quartzose pebbles and matrix
grains are well-rounded. A few angular tiagments
consisting of basement granitoids have been found.
The matrix contains also some clayey and feldspar
material. The rock became very hard and resistant
to weathering during diagenesis and tectonic move-
ments. A single, long outcrop can be followed for
more than a kilometre in the field northeast of
Kahperusladnja. The thickness of the conglomer-
ate unit is between 0.5 and l0 m. For more petro-
graphic details of this and other sediments, readers
are referred to earlier descriptions (Hausen 1942;
Matisto 1969; Lehtovaara 1982).

In general the conglomerate is massive. In dif-
ferent outcrops its grain size and distribution vary
somewhat from pebbles to cobbles and its struc-
ture from the common grain-supported to the rarer
matrix-supported. A few sandy intercalations dis-
playing cross-bedding are also met with.

No official subdivision of the Dividal Group has
been made, but this unit could conveniently be
called the Basal Conglomerate Formation or,
rather. Member.

Geological Survey of Finland, Special paper 5
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Sandstone-shale sequence

Even in the best Finnish locality at Kurbbetsohk-
ka (Fig. l), the five-fold sandstone-shale division
of Kulling (1964) and Foyn (1967) is nor completely
visible; it is probably not fully developed either (see
also Fig. 3). The sequence begins here with a lar-
ger shale component. Locally some sandstone
layers may overlie the conglomerate, but they are
preferably regarded as the topmost beds of the
conglomerate member. Upwards in the sequence,
a rather homogeneous shale follows after alter-
nating with abundant sandstone intercalations.

A very important chronostratigraphic dividing
line lies within this sequence: the contact between
the Cambrian and the latest Precambrian - earlier
referred to as Eocambrian, now often, and as
vaguely, Vendian - systems. At present it is com-
monly understood to underlie the central, first fos-
siliferous shale unit of the full sequence (Foyn and
Glaessner 1979). In earlier studies, the whole of
the Dividal was often included in the Cambrian.

The material of the sandstones is very pure
q\artz.It is fine-grained, well rounded and sorted.
The shaly layers often consist of grains coarser than
0.004 mm, which is the common upper limit of true
clay; many fractions correspond to those of silt,
yet differ substantially from those of the present
sandstones. The colour of the different shale units.

Fig' 4' Face of the Dividal conglomerate consisting almost totally of quartz pebbles. Southern slope of the
Annjalonji fell, north of Kahperusladnia.
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Fig. 5. Beds of sandstong planarly cross-bedded in the bottom. South
of Annjalonji.

which varies from green to shades of red and
brown, is without primary importance (Lehtovaa-
ra 1982).

Primary sedimentation structures are common
in this sequence. Graded bedding is not developed,
but cross-bedding is frequently present (Fig. 5) as

are ripple marks in the sandy beds. The easy break-
ing up of the shales - or rather siltstones - makes
their structures more difficult to recognize. Lami-
nation is common. Gentle, very open folding is
sometimes visible in the sandstone-shale sequence
(Fig. 6), possibly as a result of emplacement of the
thrust sheets to the upper levels of the Caledoni-
de construction.

There are some additional minor structures that
are difficult to explain on purely physical grounds
(Figs. 7 and 8) but which are obviously traces of
creeping organisms. An earlier detailed study of
some fossils in the Finnish sector has been made
by Tynni (1980). I do not claim to be an expert on
fossils at all, but, after comparing these finds with
the more frequent Norwegian finds of trace fos-
sils (e.g. Hanken & Bromley 1984), I consider that
the funnel-shaped traces in Fig. 7 resemble Sko-
lithos-like forms and that the bed-parallel tube-like
features approach the Tbichichnars forms shown in
Fig. 8.

Fig. 6. Slightly folded sandstone-shale sequence. Southwest of Kuonjarvagge.
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Fig. 7. Funnel-shaped trace fossils (head
stone beds of Saivaara, an outlier east of

Jerta Nappe

of the hammer visible 12 cm) in sand-
Kahperusladnja.

There is rarely an unambiguous thrust contact
between the shales of the Dividal Croup and those
of the overlying Jerta Nappe; instead the minerals
exhibit a gradual change in recrystallization and
deformation. Besides slates similar in appearance
to shale in the Dividal Group, the Jerta Nappe con-
tains greyish-bluish orthoquartzites, dolomites, and
alum shale in an imbricated sequence (see Fig. 3;
Lehtovaara 1986b).

Orthoquartzite-slate sequence

As the Dividal rocks presently are relatively hard,
having lithified under the influence of the over-
thrusting nappes, the gradual changes in the Jerta
rocks are best observed under the microscope. The
quart"z sandstone becomes less and less clastic until
it is finally fully recrystallized. The result is the
typical "Blauquarz" of Hausen (1942) with its char-

Fig. 8. Bed-parallel tube-like forms in sandstone-shale succession. Southwest of Kuonjarvagge.
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Fig. 9. Well preserved bedding in the blue quartzite - slate succession. East of Kurbbetsohkka.

acteristic bluish hue caused by the fine ore pigment.

The intervening shale/slate portions do not dif-
fer macroscopically from their counterparts in the
Dividal except that they break into slightly larger
and harder fragments. Furthermore, the existence
of alum shale in the Jerta Nappe was proved by
tests for trace elements conducted on graphitic
varieties of the shale (Lehtovaara 1986b). Alum
shale belongs stratigraphically to the top niveaus
of the Dividal Group (e.g. Vogt 1967) as a mem-
ber or formation, but it has not been reported from
the Jerta Nappe.

Even though bedding is clearly discernible (Fig.
9), other major sedimentary structures, such as
cross-bedding, seem to have been almost com-
pletely obliterated by recrystallization. Because of
imbrications and intense folding the original se-
quences of strata are impossible to decipher beyond
the outcropped areas.

Dolomite

The occurrence of dolomitic beds, frequently as
very local boulders but also forming some genuine
karst topography (Ohlson 1959), is characteristic
only of the topmost portion of the Jerta unit. Cal-
cite limestone is not found in the Finnish Dividal,
nor to more than a limited extent elsewhere either.
The Jerta dolomite is very fine-grained, micritic,
and characterized by a brownish weathering sur-
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face. Calcite does not exist, nor are there any of
the recrystallized dolomite octahedra typical of
many dolomite rocks.

Hausen (1942) provided five partial analyses
from the outcrop zone of the dolomite, reporting
the average composition to be simply CaCOr:
MgCO,:l: 0.8185, without further comments.
This ratio comes, however, very close to the ideal
molecular weight ratio l: 0.8425, leaving some
room for a minor ferroan component whose exis-
tence is shown by cation analyses.

According to the partial analyses, the dolomites
contain a variable percentage of undissolvable com-
ponent. On the basis of the microscopic study this
can only mean quartz, which normally fills a
network of cracks in the dolomite. It sometimes
occupies the dolomite more totally, either as a
larger, later replacement or as recrystallization
bodies of original cherty intercalations. No stro-
matolites have been found in the Finnish area. As
they have been met with in coeval Norwegian lime-
stones several times, such structures might have
been destroyed by subsequent dolomitization in the
present study area. It has not been possible to date
the dolomitization, which has in any case pro-
ceeded to completion.

The total thickness of the dolomite beds varies
markedly, from zero to some tens of metres. This
is not obviously a primary depositional featurq and
is more probably due to later tectonic movements.
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SEDIMENTATION HISTORY

Peneplanation stage

Even though the term peneplanation is not much
favoured nowadays (Söderman 1985), some sort of
low relief had been reached on the margin of the
Fennoscandian craton by the latest precambrian
time before sedimentation commenced (Fareth et
al. 1977; Lehtovaara 1985). During the very long
interval of weathering and erosion the resulting se-
dimentary material had matured both chemically,
as evidenced by the enrichment of quartz in sand
and the good separation of the clayed fractions,
and physically, as shown by the advanced round-
ness of grains. The sands are composed predomi-
nantly of fine fractions, suggesting that aeolian ero-
sion played a major role during planation.

The fact that deposits of the late Precambrian

Varanger Ice Age, one age determination of 66g
Ma by Pringle (1973), are lacking in the Finnish
sector but are found on either side of it does not
necessarily mean that glaciation did not affect the
Finnish areas. It might have acted mainly erosive-
ly and thus to a large degree contributed to the
process that left the erosion surfaces so devoid of
weathering mantle in the Finnish sector. Even the
glacial deposits, of course, could have been ero-
ded before or during the general transgression.

Because of the extent to which both chemical
weathering and physical weathering proceeded, an
important clue to the provenance of the sediments
was lost. Most of the material must, however, have
been transported from fairly local sites of erosion.

Deposition

The initial breaking off (rifting) of the old craton
and the formation of a shallow transgressive sea
followed by a deeper miogeocline of the young Ca-
ledonide orogeny changed the sedimentation con-
ditions to favour an increasing rate of deposition.

Initially, transgression thoroughly washed the
matured weathering cover and removed what was
left of erosion in more tranquil times. The strong-
er denudation in the Finnish sector than that of
neighbouring Norway is attributed to differences
in the effectiveness of the washing and other ero-
sional processes rather than to the long weather-
ing time.

The occurrence of very continuous, albeit thin,
beds of gravel as the first depositional step sug-
gests sedimentation along a seashore rather than
deposition in a regionally more restricted delta
and/or alluvial environment. The graded bedding
of the sandy intercalations formed under the con-
ditions of a tidal flat. It is also possible rhat the
heavier pebbly sediments are transgressive washing
residuals that were not carried long distances dur-
ing the process.

Deposition of the clayey, or rather silty, sedi-
ments immediately on top of the shore gravels of
the more or less linear shore types must have been
caused by a sudden change in sedimentation con-
ditions: either rapid deepening of the basin floor
or an end to the delivery of coarse material. The
first, and more probable, event could have hap-
pened if there were an acceleration in the develop-
ment of the sedimentation basin. If the gravel,
however, was only slightly reworked by the surf,

it might be very local. Still today there are some
very angular gneiss fragments in the gravel. These
fragments are rather local whereas the bulk was
transported from a longer distance.

The alternating deposition of sandy and clayey
sediments after the first spell of deposition of purer
clay might be evidence of rapid minor transgres-
sions and regressions of the sea, ultimately caused
by vertical tectonic movements of the basin floor.
The rapid alternation of sandy and silty-clayey beds
could also have resulted from changes in the di-
rection of the depositing currents on the floor of
the shallow self sea. Here it would have been easier
for the latter event to occur repeatedly. However,
the depositing currents eventually ran out of ma-
terial and general deepening of the basin continued,
leading to clayey sedimentation.

The topmost layers of the Dividal sediments out-
side Finland contain alum shale and some calc-
areous beds showing an essential slackening in the
delivery of clastic terrigenous material. These rock
types of more anoxic conditions are not met with
in Finnish territory until the Jerta Nappe, where
they were tectonically displaced for at least a short
distance. This connection is consistent with the
notion that the Jerta sediments are chronostrati-
graphic equivalents of the Dividal deposits; the
former only were accumulated farther on the con-
tinental shelf as different sedimentary facies of
more reducing and chemically precipitative envi-
ronments.

The Caledonian sedimentary record ends in Fin-
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land with the dolomites and uppermost shales. In
the otherwise similar sedimentation sequences of
the Central Caledonides in Jämtland (Gee 1972),

thick deposits of greywackes still overlie the suc-
cession described here. Such deposition is in ac-
cordance with the process of filling up a mio-
geocline. We do not have any (preserved) products
of a similar process in the unaltered autochthon
of the Finnish Caledonides.

Baltoscandian platform sedimentation was going
on at the same time in southwestern Finland, where
the surprisingly similar sedimentary material (trh-
tovaara 1986c) is now found as remnants of an old
cover in a crater depression (Lauren et al. 1978),
fissure fillings (Lehtovaara 1982) or inside Pleis-
tocene pot holes (Niemelä et al. 1985), thus provid-
ing proof of originally similar sedimentation con-
ditions.
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