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The Early Proterozoic supracrustal rocks of the northeastern part of the North
Karelia Schist Belt have been classified lithostratigraphically into the Kyykka Group
and the overlying Herajarvi Group. These formations constitute the lowermost part
of the Karelian sequence and were deposited nonconformably upon the Archean
basement complex. The age of the studied sequence can be bracketed between 2.5
Ga and 2.0 Ga.

The Ilvesvaara, Urkkavaara and Hattusaari formations comprise the Kyykka
Group (maximum thickness 400 m). These arkoses, conglomerates and minor ar
gillites were deposited during a period of glaciation and their preservation appears
to be restricted ltopenecontemporaneous rift basins. Both the detritus and the chem
ical composition of the metasediments suggest a source area consisting dominantly
of Archean felsic plutonic rocks.

The Herajarvi Group (maximum thickness 2500 mj-consists of four formations.
Three formations (Vesivaara Fm., Koli Fm. and Puso Fm.) are dominantly quart
zitic in nature, but the arkosic Jero Formation between these indicates alluvial depo
sition and represents a rift phase interrupting platform-style sedimentation. The
Jero Formation is both stratigraphically and spatially related to mafic intrusions
of the karjalite-type.

The Kyykka and Herajarvi Groups are separated by the quartz-sericite schist
of the Hokkalampi Paleosol. The paleosol grades from its parent rocks through
zones of increasing chemical alteration, and the profiles show enrichment of alumini
um toward the top. Field relations, mineral compositions and chemical data indi
cate that the regolith was the source for the lowermost formations of the Herajarvi
Group.

The sedimentation in the studied system took place dominantly in a cratonic
fluvial environment, and, according to paleocurrent data, the direction of the ba
sin axis was nearly parallel to the main strike (NW-SE) of the mafic dykes (' Jatulian
diabases') intruding the sequence. The supracrustal sequence indicates phases of
rifting alternating with periods of intermittent stability. In spite of later compres
sional deformation, the geometry of the basement-cover interface in the study area
still retains features inherited from early extensional block movements.

The lithostratigraphic correlation presented is based on extraordinary associa
tions: glaciogenicdeposits, paleosol with aluminous quartzites and arkosic conglomer
ates spatially associated with karjalitic (gabbro-wehrlite) mafic intrusions. The Kur
kikyla-Siikavaara area in the northeastern part of the Kainuu Schist belt is lithos
tratigraphically similar to the study area, while correlation to the nearby Kiihtelys
vaara-Vartsila area in North Karelia is not straightforward. Consequently, these
adjacent parts of the North Karelia Schist Belt seem to have had partly indepen
dent histories of uplift-subsidence and basin development in the course of repeated
block movements related to early stages of continental margin development.

Key words (GeoRef Thesaurus, AGI): metasedimentary rocks, lithostratigraphy,
chemical composition, paleosedimentology, deposition, provenance, tectonics, miner
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INTRODUCTION

The paper is based on almost ten years of field
work. Initial investigations (GSF, 1979-1984)
focussed on aluminosilicate reserves in the Hok
kalampi area, followed by an evaluation of
paleoplacer gold potential of the entire study area
(GSF, 1984-1987), and concluding with a joint
GSF and University of Oulu project examining
the regional geology and ore potential of the
North Karelia region (1985-1989). Much of the
data have already been published elsewhere but
in this paper we surnmarize the results of
sedimentological studies, present additional
chemical data and redefine the formal lithostrati
graphic units. A short summary of the econom
ic potential of the area is also included. Finally,
ideas concerning tectonics and basin models de
veloped during the work are: discussed.

The Nunnanlahti-Koli-Kaltimo area is locat
ed in the north-eastern part of the North Karelia
Schist Belt (Fig. 1). The: supracrustal rocks stud
ied represent part of the early Proterozoic
(Karelian) cover of the Archean basement com
plex. The age of the rock units discussed herein
can be bracketed between 2600 Ma and 2000 Ma,
which are the V-Pb ages for the Late Archean

basement granitoids and the mafic intrusions un
derlying and intruding these Early Proterozoic
sedimentary rocks, respectively (cf. Simonen,
1980; Gaal and Gorbatchev, 1987).

Field work was mainly carried out by detailed
mapping along selected profiles through the
sedimentary sequences; the: profiles were chosen
in order to represent sequences that were as com
plete as possible" The environmental interpreta
tions presented in this paper are based on deter
minations of lithofacies associations published in
earlier papers (Kohonen, 1987; Marmo et al.
1988).

Although all rocks in the study area have been
metamorphosed, the classification used in this
paper are based on wen-preserved primary
depositional features. Because of this, and the
lack of a well-established terminology for
metamorphosed sedimentary rocks, we feel justi
fied in using »mixed» sedimentary and meta
morphic rocknames, thus avoiding both the mis
leading term 'sandstone' for a recrystallized or
thoquartzite and the repea.ted use of the prefix
meta.

REGIONAL GEOILOG'Y AND REVIEW OF STRATIGRAF-HIC NO~v.lENCLATURE

The Karelian sequences in eastern Finland were
deposited on an Archean basement consisting of
more or less gneissose granitoids, so-called base
ment gneisses, and small supracrustal remnants
('greenstone belts'). The basement gneisses typi

cally comprise granodiorites, tonalites and

granites, but migmatites, veined paragneisses,
mafic inclusions, pegmatites and abundant leu
cogranite veins make these terrains heterogenous
(e.g. Nykanen, 1971; Pekkarinen, 1979). The

greenstone belts are also variable in composition,

and the relative proportions of volcanic, both
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....
0....
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D Archean basement

Fig. 1. The principal geological units of eastern Finland (modified from Luukkonen and Lukkarinen, 1985) and location
of the study area.

mafic and felsic, and epiclastic rocks differ great
ly from belt to belt. Apart from the extensive re
gion to the east of the study area, the basement
complex is exposed within the study area as iso
lated domes and narrow zones within the Early
Proterozoic rocks (Fig. 1).

The lower part of the Proterozoic sequence
comprises conglomerate, quartzite and arkosite
(»Sariola» and »Jatuli»). These cover rocks were
deformed against the basement complex during
the Svecofennian Orogeny (2.0 -- 1.8 Ga) and

now generally dip moderately (20° - 50°) to
WSW. However, the rocks are imbricated rath
er than folded and cross-bedding invariably in
dicates normal younging away from the base
ment. Despite the greenschist facies regional
metamorphism, the primary sedimentary features
are generally wen preserved.

The western part of the: North Karelia Schist
Belt consists of interbedded metagraywackes and
metapelites traditionally called »Kaleva» or
»Kalevian», The contact relations 0 f the Jatuli-



and Kaleva-type rocks has been a matter of con
troversy and interpreted as thrusted (Frosterus
and Wilkman, 1920; Gaal, 1964), gradational
(Piirainen, 1968), erosional (Vayrynen, 1933; Pii
rainen et al., 1974; Pekkarinen, 1979) and nor
mally faulted and reactivated (Kohonen et al.,
1990).

The Sariola and Jatuli rocks are cut by numer
ous mafic sheets and intrusions, which seem to
be absent from the Kaleva association. Intrusions
have been divided into two associations: karja
lites (Vuollo and Piirainen, 1992; spilites of Pii
rainen, 1968, 1969; gabbro-wehrlites of Hanski,
1982, 1984) and tholeiites (Piirainen, 1968, .1969)
with ages about 2.2 Ga and 2.1 - 1.97 Ga,
respectively (Vuollo et al., 1992).

The stratigraphic nomenclature of Karelian
formations has been sulbjected to much revision
over the years (see reviews by Laajoki, 1986 and
Simonen, 1986), which has led to confusion
regarding the basic concepts involved. Following
initial investigations by Eskola (1919) and Vay
rynen (1933, 1939, 1954) Jatuli and Kaleva be
came the main Karelian stratigraphic units, com
monly with further subdivision of the former into
Sariola, Kainuu and marine Jatuli associations.
This framework was adapted for decades as a
norm to classify nearly every rock deposited or
extruded on the Archaean basement, especially
in eastern Finland (e.g. Simonen, 1955, 1980 and
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Merilainen, 1980). The cornerstone of this
stratigraphy has been the use of the so-called
Jatuli-type (or Kainuu-type) quartzites as a key
horizon for correlation over wide areas.

However, with the increasing emphasis on
depositional systems in stratigraphic mapping it
has became obvious that accurate and meaning
ful correlations demand a formal lithos
tratigraphical nomenclature based on type areas
and sections (cf. Laajoki, 198.8a). Moreover, the
poorly defined traditional terms (Sariola, Sumi
Sariola, Kainuu, Jatuli, Ladoga, Kaleva etc.)
have been variously used to name sedimentary
facies, chronostratigraphic units and lithostrati
graphic groups. It seems to us that in order to
avoid further confusion, the use of these tradi
tional terms should be restricted to broad, infor
mal discussions Of rendered as terms for tectofa
cies as suggested by Laajoki (1988a, 1988b).

The formations discussed in this. paper have
been defined in Marmo and Ojakangas (1983,
1984), Marmo (1986), Kohonen (1987) and Mar
mo et a1. (1988). Marmo et a1. (1988) still adopt
ed the traditional Sariola and Jatuli as group
names. However, in this paper these units are re
named the Kyykka Group and the Herajarvi
Group, respectively .. The type sections (or refer
ence exposures) for every formation are defined
and their locations are presented in Appendix 1.

LITHOSTRA'fIGRAPHIC UNITS AND ROCK DESCRIPTIONS

Kyykkii Group

Field relations show that the Kyykka Group
was deposited directly on the Archean basement.
The upper contact of the group is gradational
into the Hokkalampi Paleosol, which, in turn is
overlain by the lowermost qua.rtzites of the Hera
jarvi Group. Thus, the Kyykka (}roup forms the
lowermost Proterozoic unit in the study area. It

is relatively well exposed in an area covering near
ly 100 km 2

, north of the Kontiolahti basement
dome (Figs. 2 and 3). The Kyykka Group has
been named after a village and farmhouse which
served for several summers as our fieldbase.

The total measured thickness of the group is
about 400 m, although there is some uncertainty
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due to complex block faulting and the gradation
al upper contact. Two formations have been dis
tinguished: the Ilvesvaara Formation and the
Urkkavaara Formation. In addition, the Hat
tusaari Formation in the northern part of the
study area has been correlated with the group
(Fig. 4).

Ilvesvaara Formation

The formation takes its name from the hill 11
vesvaara, on the northeastern edge of the Kon
tiolahti dome, where the type locality is exposed
as a sequence of conglomerate. and arkosite. The
base of the formation is generally sharp, but com
monly shows gradationaJl features, as the con-



Fig. 5. Fine, silty material filling the
spaces between large , angular grani
to id blocks in the basal part of the 11
vesvaara Formation. Scale is 5.5 cm in
diameter. Hirvitarha, Latvajarvi SW,
Konti olahti .
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glomerate resembles mechanically disintegrated
basement rock, with arkosic sand or silty material
filling the cavities and joints between the big, an
gular granitoid fragments (Fig. 5). Unfortunate
ly, the Ilvesvaara Formation is poorly exposed
and consists of only two groups of solitary out
crops at its type locality and at the western con
tact of the dome. The maximum thickness of the
formation has been estimated as less than 30
meters.

The Ilvesvaara Formation con sists of imma
ture and massive arkosite and conglomerate (Fig.
6) which have a mineralogy very similar to that
of the underlying local basement granodiorite
and tonalite. They are composed of quartz,
potassium feldspar, plagioclase, biotite and seri
cite with minor amounts of carbonate and acces
sory minerals (Table I and Fig. 7). The original
outlines of subangular to angular sand-sized
grains are generally visible. Conglomerate clear-

Fig. 6. Massive, poorl y sorted con
glomerate of the IIvesvaara Forma
tion. Length of the compass is 12 cm.
Hirvitarha, Latvajarvi SW, Kon
tiolahti .
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Table 1. Mineral composition of the metasediments in the Kyykka Group. Determined by point-counting method.

,..,
3 4 5 6 7 8 9"'.

Quartz 63.8 60.1 48.8 64.2 51.8 56.6 61.4 51.8 47.2

Feldspars 21.7 14.6 23.0 24.8
Plagioclase 4.0 14.1 8.8 13.6 5.8
K-fe1dspar 16.2 20.0 22.6 16.0 14.4

Biotite 11.0 3.2 8.5 0.4 13.4 18.4 7.0 9.2

Sericite 5.0 11.7 8.6 20.8 16.8 17.2 18.0

Chlorite * * * * * *

Carbonate 3.3 1.0 0.8

Accessories 0.4

*) included in biotite

1. Matrix of conglomerate; JSM -81-182; Ilvesvaara Fm.
2.-»- OTR-82-84.11 ; Urkkavaara Fm., cross-bedded conglomerate mb.
3.-»- JJK-81-43; -»- cross-bedded conglomerate mb.
4.-»- JSM-81-234; -»- parallel-bedded conglomerate mb.
5. Arkosite; JSM-84-10; -»- upper graded sandstone mb.
6.-»- JSM-81-194; -»- lower graded sandstone mb.
7. Metasiltstone; JSM-81-191; -»- lower siltstone-argillite mb.
8. Matrix of conglomerate; JJK-82-76; -»- diamictite rub.
9.-»- JSM-81-194; -»- diamictite rub.

Puso mb. 1 11= 3

Puso mb. 2 11=7

o

50

[

0+ Jero mb. 1 11=9

Jero mb. 2 11= 3

50 _ _ _ ~ _ 50

Q KYYKKA GROUP Q HERAJARVIGROUP
Vesivaara and Koli Fm.

[: IIvesv. 11=1 # Vesiv. 11= 2

Urkkav. 11=8 __\0 0 Koli 11=12
0

50 ___ Q.-S:)_ 50 50 -- - - --
0 0

~

Fsp Ser Fsp Ser

Q Q
Jero Fm. Puso Fm.

Fsp Ser Fsp Ser

Fig. 7. Quartz (Q) - feldspars (Fsp) _. sericite (Ser) plot for the metasediments of the studied formations. Minor biotite,
chlorite and kaolinite are included with Ser.
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of fragment s in mi llime ters . A . Basal part of I1vesvaa ra Fo rmatio n, Pesinpyttylarnpi, I1vesvaara , Kontiolaht i; B. Diami ctit e
me m ber of Urkkavaa ra Forma tio n, Kyykka, Kont iolah ti ; C . Lo wer part of cros s-bedde d co ng lomerate mem ber of Urk
kavaara Fo rmatio n, Kyykka , Kont iolah ti ; D. Upper part of cro ss-bedded co ng lo me ra te member of Urkka vaara Forma tio n,
Verkkovaara , Kont io lah ti.
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ly dominates over arkose. The abundance of ma
trix, which consists of coarse clasts of quartz and
feldspar and minor sericite is high (up to 80070)
in the lower part of the formation , but may be
as low as 20 to 30% in the upper portions. The
size and roundness of rock fragments vary con
siderably even within a single exposure. Pebble
count for a representative conglomerate from the
lower part of the formation is shown in Figure
8. The conglomerates generally lack internal fea
tures. Arkoses are present as thin lenticular in
tercalations, especially in the upper part of the
formation where the conglomerate is better sort
ed, with generally rounded pebbles and cobbles.

Urkkavaara Formation

This formation takes its name from the hill
Urkkavaara (2 kms north of Ilvesvaara), where
the primary nature of this sequence consisting
mainly of ortho- and paraconglomerates was first
established. In its type area, the formation is
truncated in the east by a fault zone, while the
lower contact is poorly exposed. However, on the
western side of the Kontiolahti basement dome,
conglomerate of the Ilvesvaara Formation seem
to be overlain by a siltstone-argillite containing

dropstones. The location of the type section is
given in Appendix 1.

Within the Urkkavaara Formation (maximum
thickness 265 m), the following seven informal
members have been established, with the cross
bedded conglomerate member at the top:

Cross-bedded conglomerate member > 50 m
Parallel bedded conglomerate member 50 m
Upper graded sandstone member 50-70 m
Diamictite member 0-10 m
Upper siltstone-argillite member 2-40 m
Lower graded sandstone member 10-20 m
Lower siltstone-argillite member 15 m

The two siltstone-argillite members, now mica
schists but still displaying some original clastic
textures, share similar features. They consist of
planar laminations of gray siltstone and darker
grey argillite with variable amounts of quartz,
feldspar, biotite and sericite. The mineral com
position of a siltstone is presented, together with
other Urkkavaara samples, in Table 1. Many of
the siltstone laminae exhibit graded bedding, with
grain sizes of 0.1 - 0.2 mm fining upwards to
0.05 - 0.02 mm. Isolated, oversized clasts (Fig.
9) are common; pebbles and cobbles of felsic plu
tonic rocks and coarse sand grains, generally feld-"

>4.
;.t~..

Fig. 9. Dropstones in lower siltstone
argillite member. Coin is 2.4 cm in di
ameter. Urkkavaara, Kontiolahti .



spar or quartz , ar e mo st abundant. Lone stones
consisting of greywacke and elongated phyllitic
clasts up to as 10 cm are also present.

The lower graded sandstone member now con
sists of intercalated bed s of pink arkosite, grey
biotitic metagre ywacke and dark gray biotite-rich
meta siltstone . The psammitic beds are 5 - 60 cm
thick and commonly display good grading, with
onl y interval A of the Bouma sequence being
present. Oversized clasts occur almost exclusively
in the finer-grained siltstone intercalations. Both
the bottom and top of this member are grada
tional over a few metres .

The diamictite member is characterized by very
poor sorting, with grain size ranging from boul
ders as large as 60 cm down to silt- and clay-sized
particles. The matrix is effectively a 'greywacke'
and its abundance varies between 50 and 80 070,
resulting in a matrix-supported framework. Detri
tal sand grains as well .as boulders and pebbles
are subangular to rounded . Lithologies of frag
ments and the mineral composition of the matrix
are shown in Figures 7 and 8 and in Table 1. The
boundaries of the gra ywacke clasts with the ma
trix are indistinct , partly because of original
primary textural gradation (see Ovenshine , 1970),
and partly because of recrystallization. The
diamictite lacks original internal structures, but
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locally contains a few sandstone lenses. The con
tact of the diamictite with the underlying silt
stone-argillite member is clearly gradational over
an interval of less than 1 m (Fig . 10). Ju st north
of I1vesvaara, the diamictite overlies chaot ic beds
composed of distorted angular slabs of thinly
laminated siltstone-argillite similar to that mak
ing up the siltstone-argillite members. Some of
those slabs even contain lonestones.

The upper graded sandstone member consists
of beds of very coarse-grained arkosite fro m 10
to 100 cm thick and usually displaying good grad
ing; commonly they consist of a lower massive
graded part and an upper laminated part. Origi
nal detrital outlines of the sand-sized grains,
which vary from angular to subrounded, are
generally visible . Thin silty interbeds and lami
nae man y of which contain oversized fragments,
are present in the lower half of the member (Fig.
11). The contact of the upper graded sandstone
member with the underlying diamictite is sharp
and erosional, but to the north , where it is in con
tact with the upper siltstone-argillite member, the
contact is clearly gradational. Conglomeratic in
terbeds, which become thicker and coarser and
more frequent upwards, appear in the upper half
of the member. The majority of the pebbles in
the minor conglomeratic intercalations are well-

Fig. 10. Graditional contact between
the upper siltstone-argillite member
and overlying diamictite member of
the Urkkavaara Formation. Compass
is 12 cm long. Urkkavaara , Kon
tiolahti.

2
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Fig. 11 . Interbedded sandstone and
argillite with a lonestone in argillite.
Transition zone between lower grad
ed sandstone member and uppe r silt
stone-argillite member of the Urk
kavaara Formation. Handlens is 3.5
cm long . Urkkavaara, Kontiol ahti.

rounded, Ielsic plutonic rocks . Elongated phyl
lite and siltstone fragments are also present,
sometimes in appreciable quantities. Finally, the
upper graded sandstone member passes grada
tionally upward into the parallel bedded con
glomerate member.

The parallel-bedded conglomerate member is
composed of thick to very thick beds of con
glomerate, which in the lower part of the mem
ber are occasionally intercalated with coarse
grained and very coarse-grained arkosite. The
thickness of the conglomerate beds increases
gradually upward and units show a concomitant
change from pebble-dominated into cobble- or
boulder-dominated types. In addition, beds and
lenses of sandy diamictite are present. The gradu
ally increasing size of the fragments is associat
ed with a progressive decrease in the amount of
matrix, occasionally resulting in a clast-supported
framework in the upper portions. Erosional con
tacts between the individual beds and internal
structures such as grading, often inverse or in
verse-normal (Fig. 12), characterize the member,
especially its upper portions. CIasts in the con
glomerate are usually subrounded and consist
dominantly of felsic plutonic rocks (Fig. 8), but
occasionally rip-up siltstone-argillite clasts con-

Fig. 12. Inverse-normal grading in parallel-bedded con
glomerate member of Urkka vaara Formation . Compass is 12
cm long. Verkkovaara, Kont iolah ti.



Fig. 13. (A) Massive conglomerate
and (B) tro ugh cross-bedded , con- .
glomeratic arkose in cross-bedded con
glomerate member of the Urkkavaara
Formation. Hamm er in A is 55 cm
long and lens cap in B is 5.5 cm in
diameter. Verkkovaara, Kontiolah ti.
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stitute as much as one third of the c1asts. In the
upper part of the member in particular the con
tacts between the individual beds are erosional.
The parallel-bedded conglomerate member
grades over several metres into a cross-bedded
conglomerate member, and at the contact zone
erosional features are common.

The cross-bedded conglomerate member con
sists of a lower massive cobble-to boulder-domi
nated conglomerate unit (thickness between 10
and 30 m; Fig. 13 A) and an upper cross-bedded
conglomeratic arkosite unit (minimum thickness

several tens of meters; Fig. 13 B). Also present
are interbeds and lenses of mainly sandy diamic
tites, which sometimes show bedding. The low
er part is characterized by crudely defined very
th ick beds and a well-developed clast-supported
framework , the well-rounded c1asts invariably
consisting of felsic plutonic rocks. The upper part
begins ,with conglomeratic ·sandstones. The
subrounded to rounded c1asts are mainly com
posed of felsic plutonic rocks, but occasionally
siltstone-argillite fragments may account for
20 070 to 30 0J0 of the c1asts. Common primary
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Fig. 14. Lithostratigraphic map of the area south of Hattusaari. 1= fault; 2 = metadiabase; 3= arkosite; 4 = quartzite; 5= quartz
sericite schist; 6 = polymictic conglomerate, arkosite and mica schist; 7 = metavolcanics (mainly felsic); 8 = gneissic tonalite
and migmatite.



features are horizontal bedding, large -scale low
angle cross-bedding and trough cross-bedding.
The most typical broad and open t roughs form
both solitary struct ures and cosets. Winnowed
surfaces are common. Conglomerat ic sandstones
are overlain by tro ugh cross-bedded arkosic sand
stones, in which the beds usually form cosets. The
cross-bedded conglomerate member was original
ly thicker, since it grades upwards into a paleosol.

Hattusaari Formation

The Hattusaari Formation is the basal Pro
tero zoic rock unit in the northern pa rt of the
study area, forming a nearly 100 m thick unit
bordering the Kolinn iemi syncline (Fig. 14). The
rocks are nam ed after an island nor th of the type
area and the location of the type section is shown
in Appendix I . A well-defined non conformity
(Fig. 15) separates the Hattusaari Formation
from the Arc hean basemen t , which here consists
of metavolcanic rocks (»the Ipatt i Greenschist
Belt»; cf. Vayrynen, 1933, Piirainen et aI. , 1974).
The Hattu saari For mati on grades up wards into
a paleosol. Th e precise relationship between the
Hattu saa ri Formation and the Ilvesvaara and

Geological Survey of Finland, Bulletin 364 21

Urkkavaara Formations to the south has yet to
be resolved. Howe ver , its stratigraphic position
with regard to the Hokkalampi Paleosol and the
overlying Koli quartzite ju stifies correlation with
the Kyykka Group.

The formation comprises an upward-fining se
quence , consisting of a lower, ten meter thick unit
of matrix-supported conglomerate, a middle 15 m
thick unit of orthoconglomerate and an upper
70 m thick unit of arkosite . The lower unit is
characterized by crudel y defined beds, which be
come thinner upwards along with a simultane
ous decrease in the size of the clasts. Most of the
variably rounded lithic fragments up to 60 cm in
diameter are felsic metavolcanics, but felsic plu
toni c rock s are more common in the upper por
tion .

In the middle unit nearly half of the fragment s,
which become increasingly rounded upwards, are
granitoids. Sorting also improves upward . The
conglomeratic beds in the lower part of the mid
dle uni t commonly show crude, horizontal bed
ding, and rarel y cross-bedding. The bed thick
ness typically varies from 15 to 50 cm. The up
per par t shows medium to large scale trough
cross-bedding. The individual beds are clearly up
ward-fining and much thinner than in the lower
part of the uni t. In the middle unit as a whole,

Fig. 15. Nonconformity between Ar
chean greenstones and basal con
glomerate of the Hattu saari Forma
tion . Hammer is 55 cm long. Rintasen
vaara, Lieksa.
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there is a tendency for overall grain size to de
crease upwards and the contact with the arkosic
upper unit is gradational, Characteristic primary
structures within the upper arkosite are thick,

horizontal bedding and rnedium to large scale
trough cross-bedding, which typically occurs as
cosets.

Hokkalampi Paleosol

Quartz-sericite schist invariably underlies the
quartzites and conglomerates of the Herajarvi
Group. This schist is called the Hokkalampi
Paleosol after the small lake at the type locality
at Kyykka (see Appendix 1 for coordinates). The

Hokkalampi Paleosol is not included in the
Kyykka or the Herajarvi Group, because it has
an indistinct boundary with the protolith and
does not represent a depositional unit in the strict
sense. This informal usage is similar to that of

Table 2. Mineral composition of various rocks in the Hokkalampi Paleosol, Vesivaara Formation and Koli Formation. De-
termined by point-counting method.

2 3 4 5 6 7' 8 9 10

'Quartz 52.1 57.6 72.6 62.2 70.0 61.0 87.0 86.0 94.1 77.9

K-feldspar 6.4

Biotite 5.8

Sericite 35.7 41.8 24.6 10.6 29.0 28.1 13.0 13.5 5.9 19.0

Kaolinite 0.6 2.0 0.2

Andalusite 5.0 0.9

Kyanite 20.2 1.2

Chloritoid 2.6

Chlorite 0.4

Apatite + +
Zircon + + + + +
Rutile 0.2

Titanite +
Tourmaline + +
Opaque 0.2 0.2 0.8 10.3 + 0.5 + +

+ = detected

1. Quartz-sericite schist; OTR-82-84.46; Hokkalampi Paleosol, basal zone
2.-»- JSM-81-35; -»- intermediate zone
3. -»- JSM-81-57; -»- intermediate zone
4. Quartz-kya-sericite schist; DH-301-2.2 m; -»- uppermost zone
5. Conglomeratic quartzite; JJK-84-62.2; Vesivaara Fm.
6. Hematite bearing quartzite; JJK-84-62.6; -»-
7. Quartzite; JJK-84-2.2; Koli Fm., quartzite mb.
8. -»- JJK-84-25.1; -»-
9. -»- JJK-84-25.8; -»-

10. - » -:- JJK-84-63.2; -»-



Fig. 16. (A) Paleoweathered conglomerate of the Urkkavaara
Formation . Verkkovaara, Kontiolaht i. (B) Intensively altered
Archean tonalite (?) with a less weathered leucogranite vein
at lower contact of Hokkalampi Paleosol. Paukkajan vaara,
Eno. Lens cap 5.5 cm in diameter.
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Senior and Mabbuth (1979), who discussed the
problem of mapping paleo sols.

In the type locality the paleosol was developed
on the Urkkavaara Formation and reaches its
maximum preser ved thickness of 80 metres. The
base of the paleosol in its type area has been ob
served to occur at various stratigraphic levels
within the Ur kkavaara Formation. In the mid
dle part of the stud y area the paleosol developed
on the Archean rocks, where the maximum thick
ness attains 45 metres , although it is generally
much thinner. However, thicker profiles have
been preserved at Hirvivaara, Hollarinvaara and
Paukkajanvaara. In the north, where the paleosol
formed on sedimentary rocks of the Hattusaari
Formation, the maximum thickness does not ex
ceed 40 metres.

The Hokkalampi Paleosol consists of quartz
sericite schist with an increasing proportion of
kyanite, andalusite , and, sometimes chloritoid,
toward the top (Marmo, 1986, 1992). The
paleosol grades upward from its parent rocks
through zones of increasing alteration.

The paleosol is typically more intensively
deformed than either the underlying or overly
ing more competent rocks. The deformation has
resulted in a strong schistosity, and alternating
gray quartz-rich and white kyanite-rich bands are
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typical for the upper parts of the paleosol. Three gradual contacts have been established:
chemical-mineralogical zones (see Table 2) with

Zone 1 (top) quartz-aluminous
silicate schist

Zone 2 quartz-sericite schist

Zo ne 3 (bottom) carbonate-bearing
quartz-feldspar-sericite rock

The basal zone is characterized by a gradual
vertical transition from relati vely unaltered par
ent rock into a greeni sh gra y quartz-sericite
schist. The transition is du e to the increasing dis
integration of feldspars and micas, which have
been replaced by sericite , carbonate, epidote and
chlorit e. In sedimentary rocks, the clastic texture
and margins of the pebbles first become indistinct
and finally, along with increasing sericite content ,
the rocks change upward into quartz-sericite
schist (Fig. 16 A). In granitoids, the increa sing
alteration first results in a texture where the partl y
altered mineral grains ar e embedded in a matrix
consist ing of fine-grained quartz and sericite. In

plutonic sedimentary
parent rock parent rock

0- 20 m 40 m

< 15 m < 20 m

< 6m < 15 m

outcrop the altered granitoids may be easily mis
interpreted as sedimentary in origin, but the less
weathered leucogranite veins often reveal the true
nature of the protolith (Fig . 16 B).

In the intermediate zone, feldspar is absent and
th e monotonous, light gray or green rock , lack
ing internal features inherited from the pro
toliths, consists entirely of quartz and sericite. Di
agnostic features are scattered quartz clasts of
vari abl e size and form in a matrix of sericite an d
fine-grained quartz. Light-green elongated seri
citic lenses are also present.

Th e uppermost paleosol, zone 1, di ffers from
zone 2 mostly in the abundance of aluminosili-

17. Quar tz-sericite-kyanit e schist
ipperrn ost part of Hok ka lampi
:050 1. Co in is 2.4 cm in diam eter.
ckalarnp i, Kontiolaht i.



cates due to the increasing substitution of seri
cite by kyanite or andalusite, which may locally
constitute 25070 of the rock. The color of the rock
is light gray or white (Fig. 17) with pink mottling
due to andalusite. Scattered pebble to cobble-size
monomineralic quartz and black tourmaline-
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quartz fragments are common in the type area.
A chloritoid-rich quartz-sericite schist often oc
curs between the upper and the intermediate
zones, the chloritoid content locally being suffi
ciently high to impart a dark green color to the
rock.

I 1

~2

~3

HERAJARVI GROUP
Puso Formation

Jero Formation

Koli Formation

10

11

Vesivaara Formation

E312
HOKKALAMPI PALEOSOL

~13

ARCHEAN BASEMENT

[5;J 14

km

llTHOSTRATIGRAPHIC MAP
OF THIE HERAJARVI AREA

Compiled by J.Kohonen 1987

Fig. 18. Lithostratigraphic map of the Herajarvi area 1= strike and dip of bedding; 2 = mica schist; 3 = quartzite-pebble
conglomerate; 4 = metadiabase; 5 = quartzite; 6 = subarkosite; 7 = arkosite; 8 = quartz-feldspar pebble-conglomerate; 9 = quartz
pebble conglomerate; 10= quartzite; 11= quartz-pebble conglomerate; 12= sericitic quartz-pebble conglomerate; 13 quartz
sericite schist; 14=migmatite and gneissic tonalite.
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Herajarvl Group

The quartzites and arkosites overlying the
Kyykka Group and the Hokkalampi Paleosol are
called the Herajarvi Group named after a lake
in the type area (Fig. 18). A detailed study of the
Herajarvi area including the type sections has
been presented by Kohonen (1987). Four forma-

tions 'have been established within the group (Fig.
19). The measured and tilt corrected estimation
of the total thickness of the group exceeds 2 500
metres, but some tectonic imbrication is evident
so that originally thickness may have been less.
The Koli and Jero Formations are laterally ex-
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Fig. 20. The Vesivaara Formation;
(A) Quartz-pebble conglomerate with
abundant hematite. The hammer is
55 cm long. Hirvivaara, Eno . (B) Pseu
domorph after kyanite COInposed
mainly of kaolinite and opaques.
Width of view is 1.35 mm. (C) Ero
sional scour. Notebook is IOcm wide.
Vesivaara, Kontiolahti (B and C) .
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tensive and can be followed from Kaltimo in the
south to the Nunnanlahti in northern corner of
the study area (Fig. 2).

Vesivaara Formation

The type section of the Vesivaara Formation
is located on eastern slope of the hill Vesivaara
(see Appendix 1 for other sections and coor
dinates). The formation is here separated from
the Archean basement by a phyllonitic quartz
sericite schist which grades upwards into a very
coarse-grained, sericitic quartzite, which clearly
is blastoclastic and sedimentary in origin.

The Vesivaara Formation is characterized by
coarse quartzites and conglomerates containing
aluminosilicates (mostly kyanite) and sericite (Ta
ble 2). In places heavy mineral zones rich in
hematite (sometimes up to 200/0) are present and
ferrioxide pigment imparts a reddish color to
most of the formation (Fig. 20 A). The clasts are
almost exclusively quartz (Fig. 21). In places ad
ditional black tourmaline-quartz clasts and oc
casional brownish fragments, consisting of
kaolinitized aluminumsilicates or sericite, are
present. Usually the boundaries between these
originally clayey clasts and the matrix are in
distinct and gradational. In addition, peculiar,
rare clasts of very fine-grained quartz contain
ing titanium minerals have been found.

Matrix is composed of sericite, kaolinite, fine
grained quartz and kyanite or andalusite, often
retrogressed to kaolinite (Fig. 20 B). Sediments
of the Vesivaara Formation are generally poorly

sorted, but the formation exhibits a gradual up
ward increase in degree of sorting and the round
ness of the clasts. The simple mineral composi
tion associated with the absence of feldspars
represents high mineralogical maturity.

The lower part of the Vesivaara Formation is
characterized by sericite rich quartz-pebble con
glomerates, whereas in the upper part matrix
poor conglomerates and. coarse, massive sand
stone beds become domi.nant. Recrystallization
of the matrix has destroyed most of the primary
structures, but some trough cross-beds with a set
thicknesses of 10 to 20 ClTI and isolated erosion
al scours (Fig. 20 C~) have been observed.

A section at Hirvivaara comprises a 60 metres
thick sequence with rather well-preserved primary
features. The pebble conglomerates and coarse
quartzites form upward-fining cycles typically
several metres in thickness. Superimposed large
scale conglomeratic troughs are typical, but some
planar cross-beds and massive beds similar to the
type section have also been observed. The
Vesivaara Formation wedges out toward the
south, where quartzites and the conglomerates of
the Koli Formation directly overlie the Hok
kalampi Paleosol,

Koli Formation

The Koli Formation is named after the highest
hill on a prominent ridge of quartzite, renowned
for its panoramic views over Lake Pielinen; the
type section is however, located about 20 km to
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the southeast of Koli on the northeastern flank
of the hill Sikovaara. The formation largely cor
responds to the »Koliquartzit» of Gaal (1964) and
the »Orthoquar tzitschicht I» of Piirainen
(1968).

The Koli Formation has been divided into two
members, a lower conglomerate member (maxi
mum thickness 30 m) and an upper quartzite
member (maximum thickness 250 m). The con
glomerate member is present onl y in the central
part of the study area. The member has either
an ero sional contact with the Hokkalampi
Paleosol, or it grades from the rocks of the un
derlying Vesivaara Formation . The white to
greenish coloured quartz pebble conglomerates
of Koli Formation show clearly better sorting and
rounding in comparison to the Vesivaara Forma
tion. In the south, the conglomerates are mostly
lacking and quartzites lie directly on the Hok
kalampi Paleosol. The contact is sharp, but ero
sional features seem to be absent.

The conglomerate member is characterized by
pebble to cobble- sized quartz-conglomerates, but
at Paukkajanvaara boulder-sized c1asts are local
ly dominant (Fig. 22). Well rounded quartz c1asts
with variable degrees of recrystallization predom
inate (Fig. 21) but black tourmaline-quartz c1asts,
light brown, very fine-grained quartz c1asts

resembling chert , and , in basal unit s, rare c1asts
of quartz-sericite schist are also present. The ma
trix is composed of fine-grained quartz and seri
cite.

Good sorting has typicall y resulted in a c1ast
supported framework . In out crops, upward-fin
ing cycles are readily observed. The thickness of
cycles generally ranges between 50 and 150 cm
although some exceed 5 metres . The beds are
usuall y massive, but some trough cro ss-bedded
conglomerates and thin , coarse grained sandstone
interbeds are locally present. The member grades
upward into horizontally bedd ed quartzites with
thin conglomeratic interbeds.

The quartzite member is characterized by a
pale-green, gray or pink moderately sorted seri
cite-quartzite, which in the north also contains
kyanite and kaolinite. Texturally the quartzites
are blastoclastic (Fig. 23 A) and sometimes,
where strained and recrystallized, nearly granob
lastic. The average grain size corresponds to that
of medium sand, although lateral variation in
grain size occurs. Pebble-size conglomeratic in
terbeds are also present , becoming more frequent
toward the north and rare in the south. In addi
tion to quartz, rare c1asts of sericite- schist, typi
cally forming pseudomatrix, are present. Acces-

Fig. 22. Conglomerate in lowermost
pan of the Koli Formation. Fragments
dominantly of recrystall ized vein
quart z. Note also light brown chert
like pebbles (cq) and black tourmaline
quart z pebble (tq) . Pau kkajan vaara,
Eno . A pebbl e count of this con
glome rate is presented in Fig. 21 B.



Fig. 23. (A) Quartzite showing
blastoclastic texture and depositional
layering. Width of view is 6.2 mm.
Kuljunvaara, Eno. (B) Low-angle
cross-bedded, laminar sericite
quartzite in quartzite member of the
Koli Formation . Sikovaara, Eno.
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sory zircon and tourmaline are typical heavy
minerals (Kohonen 1987).

The of mainly sericitic matrix usually com
prises more than 10 percent of the rock (Table
2), but quartz-cemented varieties are also pres
ent in the upper part of the member. As indicat
ed by the total absence of feldspars, the quart
zites of the Koli Formation are mineralogically
mature. However, the relatively high content of
sericite and aluminosilicates indicating an origi
nally clayey matrix, represents textural immatu
rity and most of the quartzites may accordingly

be classified as quartzwackes rather than true
quartzarenites (classification of Pettijohn 1975;
see Fig. 7).

Amongst primary features, thick horizontally
laminated units , consisting originally of medium
sands, dominate. Some laminar sands form low
angle cross-beds with set thicknesses often in ex
cess of 1 m (Fig. 23 B). These cross-bedded cosets
may be observed laterally for tens of metres.
Scour and fill structures are also locally present.
Ripple marks occur in the horizontally laminat
ed units, which are interbedded with planar cross-
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bedded sandstones. Some trough cross-bedded
sandy units, often associated with conglomerat
ic interbeds, have also been observed. Fine
grained interbeds are rare, and some of them ex
hibit desiccation cracks. The rock types and
characteristic primary features are quite similar
throughout the whole area studied, although the
relative abundance of the individual lithofacies
varies between different mapping profiles.

Jero Formation

The Jero Formation has been named after a
lake surrounded by arkosites (see Fig. 2) and has
been subdivided into a lower conglomerate mem
ber (thickness exceeding 100 metres) and an up
per arkosite member. The total thickness of the

formation has been estimated not to exceed 1000
metres. With the exception of the Kyykka area
in the south, the Jero Formation corresponds to
the »Arkose bis Serizitquartzite» of Gaal (1964)
and the »Arkosequartzite - Grauwackenkon
glomeratschicht» of Piirainen (1968). The type
section of the lower member is located on the
western side of the southern end of the Lake He
rajarvi (see Appendix 1 for other sections and
coordinates). No continuous sections of the thick
upper member are exposed, but typical outcrops
are present west of the lakes Jero and Herajarvi,

The base of the formation is typically grada
tional over 5 - 15 metres with the underlying
Koli Formation, but an erosional contact was
also observed (see Appendix 1 for location of the
contact outcrops). Fragments of Koli quartzite

Table 3. Mineral composition of the metasediments in the Jero Formation. Determined by point-counting method.

2 3 4 5 6 '"/ 8 9 10

Quartz 71.0 20.0 69.9 59.0 52.4 49.6 55.5 52.6 51.3 50.5

Plagioclase 5.6* 15.3* 13.2* 6.9* 1.3 7.0 7.9

J[(-feldspar 2.8 10.6 7.7 21.8 1.2 2.8 3.2

Biotite 0.9 2.3

Sericite 29.0 78.4 30.1 31.7 15.0 IJl.2 15.8 30.0 34.5 34.5

Kaolinite 2.1 1.0 0.6

Carbonate 4.1 18.3 11.9 1.9 3.3

Epidote 0.3 0.3 0.6

Apatite + + + + + +

Zircon + + + + + + + + + +

Rutile + +

Tourmaline + + + + + +

Opaque 1.6 + + + + + 0.6 0.9 +

+ = detected, *) partly authigenic albite

1. Quartz-pebble conglomerate; JJK-84-25.16; Jero Fm., conglomerate mb.
2. Sericite schist; JJK-83-114.2; -»-
3. Conglomeratic sericite-quartzite; JJK-84-68.3; -»-
4. Sericite-quartzite; JJK-84-31.3; -»-
5. Conglomeratic arkosite; JJK-84-32.1; -»-
6. Arkosite; JJK-84-70.3; -»-
7. Conglomeratic arkosite; JJK-84-72.2; -»-
8. Sericite-arkosite; JJK-84-18; -- »-
9.-»- JJK-84-36.2; -»-

10. -»- JJK-83-101; -»-



Fig. 24. Subarkosic material between quartzite blocks at the
lower contact of the Jero Formation . The block margins are
marked by cha lk . Sikovaara, Eno .

are, however, rare even in the lower parts of the
formation. The only place, Kasikangas, with un
disputable quartzite pebbles is in the southern
most part of the stud y area where the Koli For
mation is locally absent , and the Jero Formation
was deposited directly on the basement. In places,
the uppermost part of the Koli Formation has
been fragmented and sericitic coarse subarkosite
form s the matrix between quartzite block s (Fig.
24) .

The sheared conglomerate near Kyykkalampi .
(see Fig. 3) including boulder sized clasts of or
thoquartzite, quartz-sericite schist and some
smaller basement fragments (the Kyykka Con
glomerate of Frosterus and Wilkman, 1920) is in-

3
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eluded in the lower member of the Jero Forma
tion. Thi s conglomerate is spatially associated
with brecciated quartzite and quartz-sericite
schists of the Hokkalampi Paleosol.

The conglomerate member immediately over
lies the Koli Formation, as sericite quartzites hav
ing variable grain size and containing intercala
tions of quartz-conglomerate with pebble- to cob
ble-sized clasts. The amount of feldspar gradu
ally increases upward (Table 3), but lateral var i
ations also occur. The upp er part of the mem
ber is characterized by a coarse, commonly con
glomeratic arkosite with variably rounded clas
tic grains (Fig . 25). Rare, th in sericite-schist in
terbeds, representing original fine grained
sediments, are present throughout the member
(Fig. 26).

The clastic feldspar is mainly microcl ine , with
minor plagioclase of alb ite or oligocla se compo
sition (Table 3). A common feature is the pres
ence of both fresh and altered K-feldspar, even
in the same specimen. Sericite and fine-grained
quartz in variable amounts form the matrix.
Lithic fragments are rare except for the fine
grained sericitic intraclasts. Within the pebbles,
quartz and microcline clearl y dominate (see Fig.
21).

Based on their mineral compositions the rocks
of the lower part of the conglomerate member
can be classified as primary quartzwackes. These
gradually pass upward into subarkosites and ar
kosites (see Fig . 7).

The relative abundance of primary features
varies when comparing the lower sericite
quartzite-dominated and the upper arkosite-con
glomerate parts of the member. The former is
characterized by trough cross -bedding, quartz
pebble lag conglomerates and fine grained in
terbeds. In the upper and coarser part of the
member, thick bedded (10 to 80 cm) pebbly ar
kose is dominant. These rocks are massive ,
trough cross-bedded or planar cross-bedded (Fig.
27 A) . In the subordinate sandy intercalations,
planar cross-bedding is commonly observed. The
fine-grained sediments within the member exhibit
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Fig. 25. (A) Photo and (B) photomicrograph of pebbly arkosite in conglomerate member of the Jero Formation. Letters
in A are 13 mm high and field of view in B is 6.2 mm wide. Etelapaa, Eno .

Fig. 26. Remn ant of fine-grained in
terbed (presently sericite schist) tru n
cated by subsequent erosion of a chan
nel system. Lette rs are 13 mm high .
Vesivaara W, Kontiolahti.



lamination and in places strongly asymmetric rip
ples (Fig. 27 B). In the lower part of the con
glomerate member, the cycles almo st invariably
coa rsen upwards. In the upper parts, however,
upward fining cycles with erosional bases become
common and, finally, predominate.

The upper arkosite member is litho logically
monotonous. Excluding some quartzitic in
terbeds in the lower part and minor conglomer
atic units towards the top, the member consists
of sericite-rich, medium-grained arkosites. The
contact with the underlying conglomerate mem-
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ber is gradational over an interval of several
metres with a corresponding decrease in overall
grainsize. Among the feldspars, alb itic
plagioclase is clearl y dominant (Table 3). Feld
spars are commonly altered to sericite, saussurite
and kaolinite , and in some cases alteration has
been sufficiently extensive to have resulted in the
formation of a pseudomatrix.

The rare lithic fragments present consist mainly
of plagioclase and quartz, but in the conglomer
atic units some K-granite pebbles have been ob
served . Clasts are moderately rounded and the

Fig. 27. (A) Planar cross-bedding of
pebbly arkosite. Etelapaa, Eno. (B)
Rippled fine sediments on top of con
glomerate bed in conglomerate mem
ber of Jero Formation . Rapuvaara ,
Juuka. Tag is 16cm long. Photo B by
Paavo Harrna .
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Fig. 28. Gian t-scale tro ugh cross-bed
ding in arkosite memb er of Jero For
mat ion. Tag is 16 cm long. Some lay
ers are traced by chalk. Rautaportti ,
Kont iolaht i.

amount of matrix , consisting of sericite, kaolinite
and fine-grained quartz, may exceed 20 percent.
The alternation of coarser, commonly quartz
cemented layers with finer grained layers rich in

mica form s distinct bedding, still visible even in
rather strongly foliated rocks. Bed thickness
varies typically between 0,5 and 1,5 centimeters.

With the except ion of small to medium scale

Ta ble 4. Mineral compos itio n of the metasediments in the Pu so For mation . Determined by point -count ing method .

2 3 4 5 6 7

Quartz 76.4 88.0 63.4 90.4 82.6 92.0 86.3

Plag ioclase 1.0 0.3 17.8'

K-feldspar 8.0 4.7 + 3.6 2.9

Biot ite 3.6 0.4 14.2 + 0.3

Sericite 11.0 5. 1 4.4 12.4 7.5 9.9

Kaolinite 0. 1 0.5 0.5

Chlorite 1.4 + 9.6

Apatite + + 0.2 + +

Zircon + + + + + +

Rut ile + + + +
Opaque + + + + 1.I + 0.4

+ = detected , ') mainly au thige nic albite

I. Subarkosi te ; J J K-84-43. 1; Puso Frn., subarkosite mb .
2. - »- J J K-84-43.6; - }) -

3. - » - J J K-84-85. 1; - » -
4. Quartzite; JJK-84-46.1; Puso Fm., quart zite mb .
5. - »- JJK-84-55.16; - » -
6. - »- JJK-84-52.4 ; -}) -

7. - »- JJK-84-IOO; - » -



planar cross-bedding in the lowermost part of the
member , giant trough cross-bedding is ubiqui tous
(Fig . 28). Th e thickness of ind ividual sets ma y
reach several metres with cosets tens of metres
in thickness. Horizontally bedded or low angle
cross-bedded units are evidently also present, but
the large scale of these structures cau ses difficul
ties when defining the geometry of primary bed
forms from small ou tcrops. The conglomeratic
inter beds are typically lenticular and laterally dis
continuous.

Geological Survey of Finland, Bulletin 364 37

Puso Formation

The Puso Formation is named after a small vil
lage near Lake Pusonjarvi (see appendices for the
location of type sections) and is roughly equiva
lent to the »reiner Quartzit» of Gaal (1964) and
the »Orthoquartzitschicht 11» of Piirainen (1968).
Two members have been distinguished: the low
er subarkosite member and the upper quartzite
member. Due to poor expo sure , the thickness of
the individual members cannot be accurately

Fig. 29. Photomicrograph s of (A)
suba rkosite and (B) quartzite of the
Puso Formation showing well round
ing and sorting. Width of both views
is 6.2 mm. Haukilampi (A) and Puk
kivaara (B), Kontiolaht i.



38 Geological Survey of Finland , Bulletin 364

Fig. 30. Typical quartzite of the Puso Formatio n showing
alterna ting beds of pure white quart zite and grey to brown
beds conta ining some feldspar and sericite. Note the coarse
bed cemented by carbonate in upper half of the picture. Let
ters are 13 mm high. Poro vaara , Kont iolahti.

measured, but the maximum thickne ss of the for
mation probably does not exceed 1200 m, with
the subarkosite member having a maximum
thickness of 200 m.

The base of the Puso Formation is poorly ex
posed. According to observations on the north
eastern side of Lake Kaltimonjarvi and northeast
of Lake Hautajarvi, the contact with the under
lying Jero Formation appears to be gradational.
The Puso Formation is bordered in the west by
a fault zone; hence the nature of the upper con
tact has remained obscure. In addition, Koho-

nen et al. (1990) have suggested that the western
most part of the formation, west of Piili (see Fig.
2), might represent a separate stratigraphic unit
with a conformable or interbedded relationship
to the adjacent mica schists .

The arenites of the Pu so Formation typically
show well-preserved blastoclastic textures with
good sorting of rounded or well-rounded clasts
(Fig. 29). The rock s of the subarkosite member
differ clearl y from Jero arkosites in being better
sorted and a having lower feldspar contents (see
Fig. 7). K-feld spar dominates over plagioclase.
The subarkosites grade upward into the or tho 
quartzite through a zone 10 - 20 m in thickness
consisting of interbedded subarkosite and quart
zite beds.

Cla stic K-feld spar is pre sent in small amounts
in the quartzite member , as ar e lithic fragments
composed of chert-like quartz or sericite-phyllite.
Sericite , fine-grained quartz, chlorite and minor
biotite form the matrix, which comprises only a
minor part of the roc k (Fig. 29. and Tab le 4).
The rocks are commonly cemented by quartz, or
quartz-cemented laminae alternate with those
having a mica ceous ma tr ix. Coarse sandy beds
are commonly cemented with carbonate (Fig. 30).

Lamination both members usually ranges from
thin to th ick. The solitary thicker (up to 8 cm)
and coarse-grained interbeds show sharp bound
aries to the lam inated quartzite. Bedding is typi
cally horizontal, although individual planar
cross-bed s with set thicknesses up to 150 cm are
present. The upper parts of the sets dip moder
ately, with the lower contact being tangential
(Fig. 31 A). Also present are rare small scale pla
nar cross-beds (set thickness 10 to 30 cm). The
upper part of the Pu so Formation is character
ized by cosets several meters in thickness consist
ing of small-scale trough cross -bedded sets 5 to
15 cm thick (Fig. 31 B). Rocks representing origi
nal fine-grained sediments are almost absent.
Conglomeratic quartzi tes with scatt ered quartz
clasts up to 25 mm in diameter are sporadically
present.
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Fig. 31. (A) Large-scale and (B) small
scale cross-bedding in quart zite mem
ber of Puso Formation. Tag is 16 cm
long. Porovaara (A) and Porolarnpi W
(B), Kont iolahti.

CHEMICAL CHARACTERISTICS

More than 400 XRF silicate analyses are avail
able for rocks from the study area , most of which
are from the Hokkalampi Paleosol or sedimen
tar y unit s adjacent to it ; these results are dis
cussed in detail by Marmo (1992). Unfortunate
ly, there are no anal yses from the Hattusaari For
mation and data from the Ilvesvaara and Puso

Formations are also qu ite limited. Consequent
ly, the chemical characteristics presented here are
to be seen in the overall context of mineral com
positions and geological information.

The major geochemical features in the rocks
studied correlate with their degree to chemical
maturity. Thi s maturity or degree of chemical al-
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teration may be semiquantitatively rneasured by
using the Chemical Index of Alteration (CIA) in
troduced by Nesbitt and Young (1982). Values
for the index are given as a percentage for the
ratio of molecullar percentages of (AI2C) 3 /

(Al20 3 + CaO + Na20 + K20 )) x 100 calculat
ed from whole rock silicate analyses, where CaO
refers only to lime incorporated within silicates.

'One of the main problems related to geochem
ical studies of sedimentary rocks is the fractio
nation of minerals by sorting into different grain
sizes and much of the variation in Figs. 32 and
33 may be attributed to this.In order to minimize
this bias the following discussion is based main
lyon comparisons of psammitic units.

For comparison, some analyses from Archean
basement granitoids are presented in Table 5, to
gether with results from the overlying Ilvesvaara
and the Urkkavaara Formations. The CIA values
for the basement rocks and the metasediments

are both low, thus indicating a low degree of
chemical alteration. When compared to the
granodioritic-tonalitic basement rocks, the arko
sites are slightly depleted in iron, calcium and alu
minum and enriched in silica. when
comparing the arkosites to leucogranites the con
tents of both silica and alumina are similar.

The chemical compositions of representative
samples from the Paleosol and
overlying Vesivaara and Koli Formations are
shown in Table 6. The CIA values for the
paleosol are low at the moderate in the
middle and high to very high in the upper por
tions. Thus the vertical profiles clearly indicate
a gradual upward increase in degree of chemical
alteration. Silica and alumina constitute nearly
all of the upperrnost paleosol and the Al20 3

content may reach 30070. Relative to its parents,
the Archean granitoids and the rocks of the
Kyykka Group, the paleosol is consistently
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IIvesvaara + Urkkavaara Fms.
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Vesivaara + Koli Fms.
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Fig. 32. Si02 - 1<:20 + Na20 - Al20 3 plot of the studied formations. Compositions of average quartz-arenite and arkose
(Pettijohn et al. 1972) are also indicated.



depleted in ferrous iron, sodium, calcium and
magnesium. In the upper portions, ferric iron and
potassium abundances are also observed to de
crease, in some profiles considerably. Compared
to the protoliths the contents of alumina and sil
ica have increased in the middle and upper por
tions of the paleosol.

The poorly sorted quartzite: and conglomerate
of the Vesivaara Formation and the moderately
sorted quartzite of the Koli Formation consist
mainly of quartz, sericite and aluminosilicates;
i.e. the same minerals that constitute the upper
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zones of the paleosol. Not surprisingly, the rocks
of the proximal Vesivaara Formation and the
more distal quartzites of the Koli Formation give
moderate to high CIA values, suggesting intense
chemical weathering of the source rocks. Com
pared to the paleosol, the Vesivaara Formation
and the Koli Formation show a gradual vertical
increase in silica with a concomitant decrease in
alumina. However, the sericite quartzites of the
Koli Formation differs from the average quartz
arenite (Pettijohn et al., 1972),having somewhat
higher contents of A1203 and K20. As with the

Table 5. Major component Xkf'-analyses of various rocks in Archean Basement Complex and Kyykka Group. XRF-ana
lyses by Rautaruukki and GSF. Oxides in weightOJo. See Appendix 2 for location of analyzed samples.

Archean Basement Ilves- Urkkavaara Formation
vaara
Fm.

11 22 3 4 5 6 7 8 9 10 11 12 13 14

Si02 69.19 76.04 72.84 74.15 66.07 59.48 75.33 65.72 76.18 75.01 62.46 77.62 74.82 70.91
A1203 15.60 14.61 14.38 13.17 16.80 22.78 12.00 15.56 14.03 11.19 18.24 11.91 14.10 15.55
Ti02 0.39 0.06 0.26 0.22 0.37 0.78 0.16 0.29 0.16 0.10 0.55 0.13 0.27 0.28
Fe203(t) 3.78 0.70 1.76 1..52 3.08 3.59 3.22 4.88 1.20 2.17 5.33 1.83 2.28 1.34
Fe203 1.29 0.30 0.36 0.52 0.50 0.26
FeO 2.24 0.38 0.76 1.49 1.19 0.97
MgO 1.38 0.29 0.78 0.75 1.42 2.78 2.09 3.50 0.72 0.94 4.03 0.65 0.92 0.51
CaO 2.25 1.49 0.87 1.97 1.92 0.88 1.29 0.62 0.13 3.24 0.54 1.31 0.72 1.08
Na20 3.36 5.73 4.57 3.95 3.70 3.68 3.76 4.78 0.89 2.70 4.51 2.93 1.13 3.99
K20 3.80 1.02 3.10 1.68 4.50 5.97 1.52 1.17 6.34 3.50 2.03 3.22 5.62 5.77
MnO 0.05 0.01 0.01 0.01 0.05 0.00 0.04 0.06 0.01 0.07 0.05 0.03 0.06 0.02
P20S 0.20 0.02 0.08 0.05 0.09 0.05 0.05 0.08 0.04 0.05 0.09 0.06 0.08 0.12
SUM 98.65 97.47 98.01 99.88 99.47 96.87 99.56 98.94 97.83 99.70 100.00 99.58
CIA 53.2 52.5 53.6 52..5 53.8 61.7 54.0 60.3 62.1 * 63.2 52.7 60.4 51.3

1 average of 8 samples
2 average of 3 samples
* sample contains carbonate, CIA not calculated

1. Average of 8 granodiorite-tonalite samples from the study area
·2. Average of 3 leukogranite samples from the study area
3. Granodiorite; Hirvitarha.
4. Granodiorite fragment in the conglomerate; Ilvesvaara Fm.; Hirvitarha
5. Fine-grained matrix of conglornerate; Ilvesvaara Fm.; - » -
6. Phyllite; Urkkavaara Fm., lower siltstone-argillite mb.; Urkkavaara
7. Arkosite; - » _. lower graded sandstone mb.; - » -
8. Metasiltstone; - » _. upper siltstone-argillite mb.; - » -
9. Arkosite; - » - upper graded sandstone mb.; - » -

10. - » - - » -, upper graded sandstone mb.; Verkkovaara
11. Diamictite; - » - diamictite mb.; Urkkavaara
12. Arkosite; - » - cross-bedded conglomerate mb.; Verkkovaara
13. Diamictite; - » _. cross-bedded conglomerate mb.; Kyykka
14. Metasiltstone intraclast; Urkkavaara Fm., parallel-bedded conglomerate mb.; Verkkovaara
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MnO 0.04 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00
PzOs 0.18 0.09 0.02 0.00 0.00 0.05 0.06 0.01 0.03 0.05 0.05 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.03
SUM 98.48 99.20 99.37 97.71 98.16 99.31 98.29 98.21 98.89 98.57 98.38 98.00 99.57 99.13 98.91 97.31 98.30 96.94 97.22 98.16 98.26
CIA 56.6 60.3 70.3 76.7 85.8 93.6 91.3 95.9 88.0 89.2 74.8 81 81 72.6 90.2 75.5 70.3 -* 73.4 67.7 77.6

* due to low Al203 not calculated

1. Granodiorite; Archean Basement Complex Nuutilanvaara 12. Conglomeratic quartzite; Vesivaara Fm.; Vesivaara
2. Slightly altered granodiorite; Paleosol, zone Nuutilanvaara 13. Quartzite; Vesivaara Fm.; Vesivaara
3. Quartz-sericite schist; Paleosol, zone Nuutilanvaara Conglomeratic quartzite; Vesivaara Fm.; Hoikanvaara
4. -»- -» Sammakkovaara 15. Quartzite; Koli Fm., quartzite mb.;
5. -» zone 16. -»- »-
6. Quartz-kyanite schist; -»- Sammakkovaara 17. -»- -»- Sikovaara
7. -» -»- Hokkalampi 18. -»- -»- -»-
8. -»- -»- -»- 19. -»- -»- Vesivaara
9. Conglomeratic quartzite; Vesivaara Fm.; Nuutilanvaara 20. Conglomeratic quartzite; Koli Fm., quartzite mb.; Vesivaara

10. -»- -»- Quartzite; Koli Fm., quartzite mb.; Hoikanvaara
1. -»- Vesivaara Fm.; Vesivaara



Table 7. Major component XRF-analyses of metasediments in the Jero Formation and Puso Formations. XRF-analyses Rautaruukki and GSF. Oxides in weightOJo.
See Appendix 2 for location of analyzed samples.

Jero Formation Puso Formation

3 4 5 6 7 8 9 10 14 15 16 17 18 19 20 21

* sample contains carbonate, CIA not calculated
** sample contains secondary albite and/or chlorite, CIA not calculated
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1; Conglomeratic sericite-quartzite; Jera Fm., conglomerate mb.;
2. Quartz-pebble conglomerate; - »
3. Conglomeratic sericite quartzite; - » -
4. -»- -»-
5. Sericite schist; - » -
6. Conglomeratic arkosite, - » -
7. Quartz-pebble conglomerate; - » -
8. Conglomeratic arkosite; - » -
9.-»- -»-
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13. -» - -»-
14. Subarkosite; - » -
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19. -» - -»-
20. -» - -»-
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Fig. 33. Variation of CIA, Si02 , total iron and Al203/K20 + Na20 within the studied formations. CIA versus Si02 plot
for the same samples is also shown.



Hokkalampi Paleosol, lime, magnesia and sodi
um are virtually absent in these sediments. Two
striking features concerning iron concentration
can been seen from Table 6 and Fig. 33: the
aluminous rocks of the l,{esivaara Formation are
clearly enriched in total iron relative to the
paleosol but show very low contents of ferrous
iron. The Koli Formation is virtually devoid of
iron.

Within the lower member of the Jero Forma..
tion the upward decreasing maturity can also be
observed in the chemical composition, in that the
ratio of K20/Al203 increases along with the in
creasing K-feldspar content. The iron contents of
the Jero Formation are low for an arkosic rock
(cf. Pettijohn et al., 1972). Relative to the sand
stones of the Kyykka Group, both the contents
of iron and sodium are lower in the Jero Forma
tion. According to the CIA values obtained (Ta
ble 7), the degree of chemical alteration within
the formation is generally low to moderate.

The chemical composition of typical Puso
Quartzite is charactized by a very high Si02 con
tent, corresponding to that of true quartz-arenite
(Fig. 32). In comparison with the quartzite and
sericite-quartzite of the: Koli Formation, these
rocks also accordingly have slightly lower abun
dances of alumina (Table 7). Sorne samples show
secondary albite, and in the quartzites of the
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Puso Formation, alumina, alkali- and alkaline
earth contents are generally close to the limits
of analytical detection, Consequently, the low
CIA values for these rocks may not be very relia
ble, but are, however, consistent with the ob
served mineral composition (K-feldspar).

The variation in some major elements, and
parameters calculated from. these, for the stud
ied rocks have been plotted in Figure 33. Both
CIA values and silica content can be interpreted
to reflect maturity characteristics 0 The samples
from the basement and from the metasediments
of the Kyykka Group clearly form a group
characterized by their low silica content. On the
other hand, the variation in CIA values allows
the distinction of two groups, namely that com
prising the Kyykka Group, showing very low to
low values and that containing the Herajarvi
Group, which shows values comparable to those
of the Hokkalampi Paleosol, ranging from low
to very high. In addition, the plots for the Her
ajarvi rocks fall into two fields. The Vesivaara
and Koli rocks form the first field, CIA values
ranging from moderate to very high, most prob
ably indicating their genetic relationship to the
paleosol. The second field is contains data from
the Jero and the Puso rocks, characterized by low
to moderate values for the index.

PALEOCURRENTS

Paleocurrent directions were determined on
outcrops, wherever the geometry of the cross-bed
and the strike and dip the horizontal bed could
be defined, the total number of measurements
gathered being 504. All directions were correct
ed for tectonic tilt; fold axis correction appears
to be unnecessary because the: strata are not
markedly deformed into plunging folds. The only
exception is the sequence located at the eastern
limb of the Kolinniemi Syncline (Group 8 in Ta-

ble 8), where some clockwise rotation is to be ex
pected. All the determinations were assembled ac
cording to geographical location and are present
ed in Figure 34.

Exposure in the study area is controlled by
structural lineaments. Therefore, observations
made were concentrated along NNW-SSE orient
ed hillsides. This may induce an apparent bimo
dality into the current directions perpendicular
to the dominant plane of exposure. This possi-
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dimensional surface.
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Fig. 34. Paleocurrent rose diagrams representing depositional stages: A - Kyykka Group, B-D - Herajarvi Group. Obser
vation sites and numbers of measurements are also given.



nounced. Measurements in the Jero Formation
clearly indicate that transport directions for the
lower conglomerate member and for the upper
arkosite member differ considerably. Within the
lower member, the paleocurrent directions mostly
plot toward the southwest, west or northwest, al-
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though variation, again, is considerable, For the
upper member, transport of detritus toward the
south is undisputably indicated. During the depo
sition of the thick Puso Formation, the sediment
was clearly carried toward the northwest.

Table 8. Paleocurrent statistics for grouped data (see Fig. 34 for groups).

Group Number of Vectoral mean Magnitude of Consistency Ratio Standard Variance
readings (bearing in resultant (070) Deviation (degrees-)

degrees) vector (degrees)

1 4 321 0.2 5.4 87 7569
2 7 358 2.7 38.5 60 3583

3 6 286 5.9 98.3 10 93
4 9 282 6.1 67.3 42 1773
5 17 314 8.1 47.7 56 3149
6 14 274 6.6 47.2 57 3257
7 6 278 5.4 89.4 23 506

8 137 3 71.0 51.8 51 2553
9 10 317 3.1 30.6 71 4970

10 8 75 2.7 34.2 64 4064
11 30 234 22.6 75.4 33 1087
12 54 339 20.5 37.9 61 3760
13 28 181 9.4 33.7 66 4342
14 13 332 8.2 62.7 45 2004

15 21 169 11.3 53.7 51 2586
16 40 147 23.1 57.7 47 2236
17 3 164 2.8 94.2 18 312
18 8 147 5.0 63.0 44 1903

19 16 302 4.6 28.6 69 4778
20 20 314 17.3 86.7 24 566
21 53 327 44.9 84.8 26 692

Groups (see also Fig. 34): 1. Hattusaari Fm. map sheets 431309,12,2. Urkkavaara FIn. map sheets 4224 11,12,3. Vesivaara
Fm. map sheet 4313 06, 4. Vesivaara and Koli Fms. map sheet 4313 11, 5. Koli Fm. map sheets 424203,4331 01,6. Koli
Fm. map sheet 4224 12, 7. Koli Fm. map sheet 424203, 8. Jero Fm., lower mb. map sheet 43]l3 09, 9. Jero Fm., lower
mb. map sheet 4313 06, 10. Jero Fm., lower mb. map sheet 4313 11 B, 11. Jero Fm., lower mb. map sheet 4313 11 C, 12.
Jero Fm., lower mb. map sheet 4313 10 C D, 13. Jero Fm., lower mb. map sheet 4313 10 C, 14. Jero Fm., lower mb. map
sheet 4224 12,15. Jero Fm., upper tub. map sheet 431306,16. Jero Fm., upper mb. map sheets 4313 08,11, 17. Jero Fm.,
upper mb. map sheet 4313 10 C, 18. Jero Fm., upper mb. sheet 4313 10 C, 19. Puso Fm. map sheets 4313 08, 11,20. Puso
Fm. map sheet 4313 10 B, 21. Puso Fm. map sheets 4224 12, 4313 10.

DEPOSITIONAL SETTING

Detailed environmental interpretations and dis
cussions are beyond the scope of the present
paper and can be found in Marmo and Ojakan-

gas (1984), Marm.o (1986, 1992),Kohonen (1987)
and Marmo et al. (1988). However; some new
ideas have recently arisen and as depositional
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environments, and tectonic settings are intimate
ly related, a brief review is
presented.

The immature character of the Ilvesvaara For...
.IJ1.14UUJl.l~ reflecting the composition of the local
basement rocks, suggests that mechanical erosion
dominated over chemical weathering during
deposition. The by Marmo

is one in which was initiated
by the creation of topographic contrasts as a
result of high-angle normal Fracture
zones acted as sites of mechanical disintegration.
The material remained either in situ or, with the
steepening of topographical relief, was transport
ed into valleys. In model fluvial action fur
ther reworked and transported the coarse detri
tus in topographic lows, in the better
sorted gravels and arkosic sands of the upper part
of the Ilvesvaara Formation.

An alternative model for interpreting the
lowest unit of the formation is to attribute the
observed physical disintegration of the gneiss to
»ice shattering». 'The observed features may be
attributed to stress generated by a thick, flow
ing continental ice sheet that broke the gneiss in
large fragments. The cavities between the frag
ments may have been simultaneously injected and
filled by glacial rock flour (see Fig 5.). The over
lying boulder-dominated conglomerates might
thus be interpreted as terrestial tills.

A detailed glacial model invoking repeated ad
vances and retreats has been proposed as the en
vironment of deposition of the Urkkavaara For..
mation by Marmo and Ojakangas (1984) and
Marmo (1986). They suggest that the lower part
of the formation was deposited near a grounded
or floating glacier" this model, the lower silt
stone-argillite facies containing dropstones was
deposited in front of the glacier as a silt-clay
rhythmite sequence. The graded sandstone facies
was deposited closest to the glacier front by tur
bidity currents during glacial advance. Glacial re
treat revived siltstone-argillite deposition fol
lowed by the diamictites in a more distal aque
ous environment.

Deposition of the upper graded sandstone
member on of the diamictite member is,
again, attributed to an advance of the glacier.
The considerable thickness (50 to 70 meters) in
dicates that the ice-front probably remained sta
ble for a considerable span of time. The overly
ing but transitional parallel-bedded conglomer
ates are as of sedimentation
from sub aqueous meltwater tunnels during the
same stage. the massive conglomerates
and associated cross-bedded pebbly arkoses are
considered to have accumulated as proglacial san
dur and/or esker deposits laid down in front of
the retreating glacier.

The sedimentary rocks of the conglomeratic
Hattusaari Formation have been interpreted as
proximal braided river or alluvial fan deposits
(Marmo et al., 1988). Facies associations of the
Trollheim 1978) characterize the low
er part of the formation, and those of the Scott
type are typical of the upper part. The relation
ship of the Hattusaari Formation to the overly
ing paleosol and its sedimentary characteristics
suggest that the rocks of the formation might be
correlative with the upper part of the Urkkavaara
Formation.

It has been suggested that the quartz-sericite
schist underlying the Herajarvi Group originat
ed as a paleosol 1986, 1992). This in
terpretation is based on zonal variations in the
chemical and mineral composition of its profiles
and its association with the overlying aluminous
and quartzitic rocks, which were formed during
subsequent soil erosion. The chemical maturity
and the great thickness of the paleosol and as
sociated metasedirnents are interpreted to record
intense chemical weathering under a warm and
humid climate. The interpretation seems valid,
although schists rich in aluminium may also
result from hydration in shear zones (e.g.
Etheridge and Cooper, 1981; Sinha et al., 1986)
and the Hokkalampi rocks evidently underwent
intensive tectono-metamorphic processes after
their formation (e.g. Ward and Kohonen, 1989).

The lower part of the Vesivaara Formation,



characterized by matrix-rich quartz-pebble con
glomerates, has been interpreted (Kohonen, 1987;
Marmo et aI., 1988) as consisting of mass flow
deposits which were initiated in an environment
of moderate topographic relief, with an abun
dance of weathered detritus (soils of the Hok
kalampi profiles), and seasonal flash floods. The
better sorted and largely cross-stratified upper
part of the formation may be interpreted as
deposits formed in proximal braided rivers or al
luvial fans.

Characterized by wen-sorted massive gravels
and superimposed upward-fining cycles, the con
glomerate member of the Koli Formation has
been considered (Kohonen, 1987; Marmo et al.,
1988) to correspond to the Scott-type braided riv
er sediments of Miall (1978). The environment
of deposition was probably a braidplain, where
the conglomerates were deposited as bars or
channel fills and the sandy interbeds resulted
from changes in flow discharge.

Two lithofacies associations (Marrno et aI.,
1988) are distinguished within the quartzite mem
ber of the Koli Formation: the northern coarse
sand - fine gravel association and the southern
sand-dominated association. The southern as
sociation is comparable to the Bijou Creek-type
of Miall (1977, 1978), which represents poorly
channeled braided stream deposits formed in an
ephemeral environment characterized by cata
strophic floods. The dominant horizontally lami
nated sands are interpreted as sheet flood de
posits (see McKee et aI., 1967; Williams, 1971)
having wide areal extent. The presence of desic
cation cracks clearly indicates the subaerial en
vironment of deposition.

The northern association is characterized by
massive pebble conglomerates and trough cross
bedded sands. It differs from the southern associ
ation not only in grain size but also in being bet
ter sorted. This association has features common
to both the Scott- and Donjek-types of Miall
(1977, 1978), associations typical of proximal and
distal braided stream deposition, respectively.
The most striking features within this association

4
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are the thick, crude, upward-fining cycles of high
lateral continuity. These are interpreted to have
been deposited as bars on a braidplain.The sand
dominated and gravel-dominated associations
grade laterally into each other and are interdigi
tated within several mapping profiles. Conse
quently, the northern part of the study area may
represent a more proximal environment of depo
sition.

The conglomerate member of the Jero Forma
tion begins as an upward-coarsening sequence
(Fig. 19) typical of prograding systems (e.g. Steel
and Aasheim, 1978; Reward, 1978; Miall, 1982).
The lower facies association of the member con
sists of trough cross-bedded sericite-quartzites
with minor gravellag conglomerates. The rela
tively thin upward-coarsening cycles are interpret
ed as products of braided river channel fill or bar
deposition. The absence of upward-fining cycles
on top of the gravelly facies might reflect partial
drying of the bars in a river system featured by
rapid falls in water depth during waning flow (cf.
Costello and Walker, 1972; Crowley, 1983).

The upper association of the lower member,
characterized by upward-fining cycles and cross
bedded gravelly or sandy lithofacies, resembles
sediments of the Donjek-type of Miall (1977,
1978), which are interpreted to result from depo
sition in a cyclic, gravelly braided river. Because
substantial sorting and reactivation surfaces are
lacking within the unit, deposition is assumed to
have occurred from heavily loaded rivers near the
margin of a rapid.ly subsiding basin.

As a whole the conglomerate member reflects
an upward increase in the sediment supply and
improved channeling. A suggested paleoenviron
ment is a braidplain, which due to increased rate
of subsidence developed into an alluvial plain.

The ubiquitious giant-scale trough cross-bed
ding within the arkosite menn.ber of the Jero For
mation appears to be a »key structure» in a mod
el of deposition. According to Miall and Gibling
(1978), these structures can be formed in two con
trasting environments, either as eolian dunes or
as fluvial sandwaves. The coarse grain size and
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rather poor sorting rule out the former alterna
tive. Large-scale cross-beds form in large deeply
channeled rivers (Miall, 1982). The scale and
morphology of the cross-beds in the arkosite
member closely resemble- those formed by the
migration of sand waves in the Brahmaputra
River (Coleman, 1969).

The Puso Formation is enigmatic because of
the absence of primary structures or facies associ
ations diagnostic of any specific environment of
deposition. Uncertainty also arises because the
nature of prirnary contacts is vague. The domi
nance of horizontally bedded sands does, how
ever, favour deposition in the upper flow regime.
The well rounded and sorted detritus suggests
substantial reworking and/or a polycyclic origin.
An these features indicate to a near shore en
vironment, and especially a swash zone (Eriks
son, 1978; McCubbin, 1981). However, due to
its great thickness, the formation cannot have
formed during single transgression. Therefore,
the formation probably represents the result of
protracted filling of an aggradational basin, dur
ing which several depositional environments and
subenvironments must have existed.

The lower and :middle parts, characterized by
horizontally bedded and planar cross-bedded
sands, represent the best sorted units within the

formation. The former are interpreted to have
been deposited in high energy conditions within
the beach zone. ~vlcCubbin (1981) reports a very
similar facies association occurring in a ba.rrier
island environment, where tangential asymptot
ic cross-bedded sands are interlayered with
horizontally bedded units. The presence of rnore
weakly sorted sericitic quartzites in the middle
part of the formation could reflect a fluvial in
cursion within an otherwise nearshore environ
ment.

In the upper part of the Puso Formation,
small-scale cross-beds arranged into cosets pre
dominate. This lithofacies may form in several
nearshore, shelf or fluvial environments. Thus,
a more detailed interpretation is not yet appropri
ate. Also the interpretation for the lower part
must still be regarded as preliminary and tenta
tive, demanding detailed future fieldwork.

Given that marine processes were involved dur
ing the deposition of the Puso quartzite, associat
ed distal fine sediments and ca.rbonates should
also have been formed. The north-westerly trend
ing paleocurrents probably indicate the direction
of the paleoslope and, consequently, the direc
tion which may be most promising to look for
the interdigitation of marine sediments.

PJROVENANCE

The conglomerates in the Kyykka Group pro
vide direct evidence of their provenance. Both the
Ilvesvaara Formation and the lower part of the
Hattusaari Formation simply reflect the compo
sition of the local basement rocks. The former
contains almost exclusivelygranodioritic to tona
litic fragments while in the latter, the majority
of fragments were derived from a source area
composed of felsic to ultramafic volcanics, such
as occur in the adjacent Archean greenschists.
The arkosic upper part of the Hattusaari Forma-

tion with abundant K-feldspar suggests a source
consisting dominantly of felsic plutonics.

Except for the fine-grained intraformational
clasts, the lithic fragments of the Urkkavaara
Formation are composed dominantly of coarse
to fine-grained granites, granodiorites and tona
lites. Sporadic m.afic to ultramafic rock frag
ments (now chlorite schist) have also been ob
served. Given the glaciogenic origin for the for
mation, the source area must have been exten
sive, coveringthousandsofsquare kilometers. The



low values for the CIA indicate a source area with
no significant chemical weathering. Mature rock
fragments, such as orthoquartzites, are absent as
well. As the diamictites represent an average com
position ofthe source area and as their chemical
compositions resemble that of a granodiorite, it
may be assumed that the source area consisted
of plutonic rocks similar to the Archean base
ment exposed today to the east of the study area.

Field relationships supported by mineral com
positions (no feldspar) and chemical data (high
values of CIA) suggest that the Vesivaara and
Koli Formations (and perhaps also the sericite
rich lowermost part of the Jero Formation) have
a close genetic relationship with the Hokkalam
pi Paleosol. The primary material within the sedi
ments of the Vesivaara Formation probably con
sisted of detrital quartz (65 to 80 070) and residu
al clay (20 to 35 070), now metamorphosed into
sericite and aluminosilicates. Low textural matu
rity indicates a short transport distances with little
reworking and thus proximity to the source.

The clast material in the conglomerates of the
lower part of the Koli Formation provides direct
evidence concerning the composition their
source. The ultimate source of the quartz and
tourmaline-quartz clasts was presumably veins in
the Archean basement complex. Because of their
resistance to weathering these clasts were re
worked into gravel deposits.

The chert-like clasts in these conglomerates
may well have originated in weathering process
es through silicification, or else represent true
chemical sediments derived from the Archean ter
rain. The former idea is supported by the pres
ence of tiny rutile needles in these fragments (see
Summerfield, 1983). According to Summerfield
(1983), silcretes are typically formed in soils of
humid climatic conditions and indications of
silicification have been reported from the
Hokkalampi Profile (Marmo, 1992).Sericitic and
aluminous clasts present in the basal part of the
conglomerate are interpreted as fragments der
ived from the paleosol.
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The association of relatively high abundances
of original clay material, now represented by seri
cite and aluminosilicates, with rounded quartz
clasts is typical of quartzites of the Koli Forma
tion; exceptions however include quartz-cement
ed »glassy» interbeds and strongly strained,
recrystallized quartzite varieties, The preservation
of clays during depositional processes that pro
duce rounded quartz clasts is improbable (Folk,
1951) and this kind of »textural inversion»
(Pettijohn et al." 1972) is usually interpreted as
representing the :mixing of already mature sands
with clays during the final depositional process.
However, the present authors prefer a single-cy
cle model with a regolith as a source for these
feldspar-free quartzites (cf. Akhtar and Ahmad,
1991). The rounded clasts rnay have been derived
from the sediments below the regolith and/or un
derwent rounding during weathering, as de
scribed by Crook (1968) and Koryakin (1971).

The high proportion of sericite (originally clay)
and the presence of variably altered feldspar
grains at the bas,e of of the Jero Formation re
flect the abundance of chemically weathered
material in the source area. The upward increase
in the feldspar content can be attributed to ad
vanced erosion exposing unaltered basement
granitoids or older immature sediments. The rar
ity of quartzite fragments even in the lowest part
of the Jero Formation and the variable degrees
of roundness of detrital quartz could be attribut
ed to poor lithification of the Koli quartzite pri
or to deposition of arkoses (Piirainen et al.,
1974). However, observations from the lower
contact of the formation support a model in
which normal faulting was followed by rapid sub
sidence and an increased rate of sediment sup
ply. The proximal parts of the rift basin are
represented by quartzite block breccias whereas
even the basal parts of the formation further
from fault zones would be characterized by base
ment-derived material and consequent absence of
quartzite fragments.

The relatively small proportion of lithic frag
ments in the conglomerate member could indi-
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1+ .........• ...... ..,.1I- .. "7 ...... I,,y if the alteration of into

sericite and in the arkosite member is
attributed to in situ chemical
weathering and the development of a
soil the have decom-
posed to Detailed studies on
these rocks still need to be done, but this interpre
tation in understanding the origin of
the thick Puso "'...··f-h"'.,... ......" ....+r-7 .. + ......

,",'I"'11nr1111'""'" 1"'17 rich in water.
rY1It=.-tl:lilr"'1r'1l.n,1"n.lhl£" l"Ioll-\1:7i'.... 1"<l'l'+'",." substantial dissolution

of unstable and loss of prov
enance information may have occurred.

The detritus of the Puso Formation does not
offer much information its source. The
clastic in the formation is uommantry

which to plagioclase is
more resistant to both chemical and n.h,,{TC'l£"<I'l1

.............. ...., ....L...... et
spar may have been concentrated re
'V.lIT.f"',1"IT'I"nr of the arkosite of the Jero
Formation.

cate that the source terrane consisted
of coarse-grained rocks to
physical breakdown Fresh
microcline clasts, some of which are several cen
timeters in diameter, may in turn have been der
ived from Archean granodiorites of the
adjacent basement area, which to
Frosterus and Wilkman contain
microcline phenocrysts.

The majority of blastoclastic in the ar-
kosite member of the Jero in contrast
to the lower consists of plagioclase
bite-oligoclase). Together with differ-
ent paleocurrent directions for the two rY1Il3rY11 hll3TC'

this has been to reflect the
a tonalitic-trondhjemitic source area ,.L .............. •LA ... ....,

al .. 1988). the observed
biotite-muscovite assemblage
chlorite and epidote) is a low grade meta
morphic mineral paragenesis, The sericitic arko
sites are often strongly schistose, in contrast to
the quartzites of the study area, and if the abun
dant sericite represents primary matrix, the

))ISCUSSION

The deposition of enormous amounts of quartz
sand seems to be a fundamental characteristic of
Early Proterozoic platforms (e.g. Salop, 1977,
1983; Long, 1978)1 and may represent a unique
environment not repeated later in geological his
tory. It is widely accepted that the lack of terres
trial vegetation implies that runoff, and proba
bly also climate, were different from present con
ditions (e.g. Schumm, 1968). However, there is
less of a consensus concerning early Proterozoic
surface temperatures, pl-l-Eh-conditions, at
mospheric composition and the rheological be
haviour of the crust, all of which are important
factors controlling the rate of weathering and

styles of basin evoJlution. These uncertainties limit
the validity of the interpretations derived from
recent anologues. Nevertheless, some general in
ferences concerning Early Proterozoic condi
tions, based on the studied sequence, can be
presented.

The association of the glaciogenic Urkkavaara
Formation and the warm and humid climate
Hokkalampi Paleosol attest to a drastic climatic
change. Unfortunately, we are unable to estimate
the rate of these fluctuations, although recent
paleomagnetic studies (Mertanen et al., 1989)
suggest that the Fennoscandian Shield drifted
several tens of degrees towards equatorial lati-



Geological Survey of Finland, Bulletin 364 53

form

................. JLJL ..... JLJLJLJL1""'J' that accord
studies (e.g. Karhu and

have taken at a higher
surface temperature than at present. This resulted
in the formation enormous amounts of
and detrital destined to be reworked into
first sands further

arenites .
a kind of an mac ...

nr&:.l'1l1IJlllloi'''l with floods govern...
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sand seas. Sheet took

cnanneieu braided streams over a

The sequences of the
'lI""l.01l1l."" .. 1I·'" of fine sediments and a t"111"'lI'· ..'.r ......'1"It

in the Facies
derived from recent may not be
otJIlnll"\rrt,nrlotJ111"&:I for the of all ... "".·......,.." ..... tf"'~t"1

in this area. detritus seems,
trast to Phanerozoic basins, to be 1Inf'pn(;:!nTPI,\,

cumulated in every kind of ....... """'II-J'U'UlJL ... ""'JL

those with very
'lI""l."..~,t"1o"."' ... authors

tudes 2.3 - .95 Ga ago. The strong ....... '...'1I-'JL ........ JL""'.JLJL

of ferrous iron from the LlI.n,lITlr6"'llrll'lt"ln'''''' flJotJIl&:I,nC'A"1

indicates conditions within the
but on the other hand the anunuant
if in the .n.'1l1.orl'1tT1't4liT ''lllu'ln''1lllnA''''UlIC' sedi-

oxisol

Sedimentarv sequence reranon to extensional movements

al chemical
a.l"",,VL),",'.I.~ the and Koli

ture alluvial U"",,IIJ'""~'.I."LJ Jero
mature sediments Puso

The cl'll""l..n.rl:llrillll"' distribution of the Kyykka Group
mdicates that these formations were n1l"A"h':l hl"

ril01n..n.'~1I1",Qlril in basement...bounded rift basin. In ad-

the Kyykka area in the south seems to
have remained a relative topographic low during
the of the soils

related of the supermature sedi ...
ments. The for preservation is
based on the presence of the most complete sec...
tions of the paleosol within this area, and on the
fact that quartz...pebble conglomerates represent
ing the proximarfacies of the Koli Formation are

the of reasons for the
burial of with a low ~r"::lC'01r'1l11/']11"1I.n.n

tial.
The studied co'1l-1I"r1l1"lIiTrl:ll'1I""I,hllJ"'lI

a succession of .I.JI..I..I..JI..I..l.U,&'UJ.

",.1I"1"""" .. 1I1"It .... often 'IO'nr\rt:lirl corn ...
'1n"1lr'lln,Qll1n,iT is the nr":!lC',QI'lI"''1l1':lI1"lIr'1ln of

unit. both and
~r"::lCOa1t""'1"'l11"1I......,n are controlled the SU[)SlClen1ce...1Up...

of the area, but n1l"':::lC',QI·II"''I!.1-:lltlli'"'h1r'll

tain formation is not nel~essaI'l1V ril .. "..or..... "7

to factors sedimentation of
unit.

For a'V":lI'It"ln~la sequences are, in

case of continuously ""'t-'JL...JL .... L ... JLb craton, sub-
sequently erased but may be at
the base of a relatively downfaulted In
I:-:J~~~-~ ._~ it may be that in cratonic environments
BJV&,,,",,.II..I.IL..I.U.B. marker horizons of extensive lateral
continuity often have little chance of C'11I11""Ul"UlnO'

regionally, In contrast, thick sedi:ment accumu
lations with high preservation BJ'V&,'~.I..I.I"'.l.U..I.

certain, subsiding tectonic; (e.g.
aulacogens) but these deposits are by their na
ture less valuable for broad regional correlation.
Thus, a basin evolution model must include, in
addition to factors controlling the: deposition of
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nearly absent on top of the paleosol.
Pediment formation, represented by the Hok

kalampi Paleosol and associated sediments, may
have been continent-wide, and the environment
of deposition was probably also rather uniform
regionally. However, it is suggested that local
ized rapid subsidence, indicated by the alluvial
sediments of the Jero Formation, was the main
factor controlling burial of these deposits: the
downfaulted base of the Jero basin provided the
opportunity for preservation of the aluminous
rock record. The basement derived, proximal
type sediments in the lower parts of Jero Forma
tion indisputably demonstrate that Archean rocks
were exposed to erosion outside the marginal
faults of the basin. Accordingly, the present dis
tribution of the Vesivaara and Koli Formations

and the paleosol seems to have been controlled
by the margins of the Jero basin.

The mafic intrusions within the sequence are
useful, not only because they indicate a minimum
age of the truncated strata, but also in evalua
tion of the basin model. The mafic intrusions
with age about 2.2 Ga (karjalites) have not been
observed to cut the uppermost Puso Formation.
These intrusions form long, gently dipping siII
like sheets close to and along the Archaen - Pro
terozoic boundary. The presence of magnetite in
part of these differentiated units (Vuollo and Pii
rainen, 1992) results in distinctive anomalies in
airborne magnetic maps showing a pattern with
NW-striking, SW-dipping main intrusions linked
to steeper perpendicular zones (Fig. 35). Recent
studies (Wernicke and Burchfiel, 1982; Lister et
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Fig. 35. (A) Distribution pattern of karjalite intrusions in the southern part of study area . Location of the area in airborne
magnetic grey tone map (B) is also shown .
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( TRANSVERSE BASIN ACTION)
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Fig. 36. (A) Schematic model representing listric fault system related to crustal extension. Effects of rifting are illustrated
as follows: (B) preservation of pre-existing platform-type strata, (C) deposition of the alluvial Jero formation and (D) intru
sion of mafic magma along fault planes.

al., 1986) indicate that crustal extension takes
place, in addition to subvertical normal faults,
along gentle, curved listric faults. In the upper
crust this type of fault surface might offer spaces
for intruding magma (Fig. 36).

Within the study area the karjalitic intrusions
and the Archean-Proterozoic boundary are spa
tially closely related (see Fig. 2)., However, the
occurrence of karjalites most typicallywithin
rather homogenous basement granitoid gneisses
impliesthat the basement-cover boundary did not
control the emplacement of these intrusions. In
stead, it is suggested that the location of the Ar
chean-Proterozoic nonconformity on the present
surface of erosion reflects relative downwarping
of the block west from the intrusions during the
development of the rift structure. Accordingly,
the zone of these intrusions marks: the approxi
mate edge 0 f the Jero basin and represents a 2200
Ma old escarpment in the basement relief.

Because the basal contact of the Puso Forma
tion has not been.observed, the possibility that
a hiatus separates it from the underlying sequence
cannot be excluded. The quartzites of the forma
tion reflect prolonged stability, but significant
subsidence was also necessary in order to ac
cumulate such huge amounts of sediment. This
phase was evidently again followed by rifting and
associated tholeiitic magmatism, represented by
numerous mafic dykes. However, because the up
per contact of the Puso formation is also unex
posed, the exact nature of the transition from
Puso stage sedimentation to mafic magmatism
remains vague. It is tentatively assumed that the
accelerated subsidence of the developing rifted
continental margin, which probably had no direct
connection to the Puso deposition, may have
caused the final preservation of the studied plat
formal record.
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K~~2Jl4[)n~!1 correlations

the fundamental in lithostrati-
01'"':lI-n11"'ll11' correlation cannot be avoided: can be
assumed that the rocks studied and other scat
tered remnants of Proterozoic cover the
eastern of the Fennoscandian Shield
1'"&:111''''\1'"&:11,('&:1111,1" coeval this of

the correlation of a certain quart-
zite formation or its as a part of
a evolution -n<t:l1l'"I1'llr'l'1l.nr,...,,,",

care, if relations to the seaimentarv
sequence as a whole are unknown and/or age
data are insufficient, These and the
1"1I011"'1'1I11In.nr ro.,..nro,pnlr(' involved in correlation
1t"'Il'"lI'1Illl't"'1I11'"l>1'IT rifted Karelian Domain are discussed

The genesis of the studied sequence, and cor-
1I"'.::u~-nr,.n/'11t110 Karelian covers

a time span of 250 to 500 million years. At any
realistic rate of continuous net sedimentation

rlIa1"~"'j('1Tj('l tens or even hundreds of

killometers thick should be Further-
more, more than third of the studied section
was in rift basins

1I"'OI<t:l't'1l'1lTOII'1lT short time interval. a much

of time recorded in the
rIllllltJl1'"1"'711",PC and associated the

Kraus and even these
renresent 1I"'a::llI<t:l't'1l'1lT.ol'1l1 minor intervals
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Fig. 37. Lithostratigraphic correlation of the Karelian rocks in the study area with the Kiihtelysvaara-Vartsila and Kurkikyla
Siilkavaara areas. Lithologies and relative thickness of formations are schematic.
1=breccia-conglomerate/conglomerate; 2 =arkosite; 3 =quartzite; 4 =feldspathic quartzite; 5 =mafic volcanite: 6 =dolomite;
7 = iron formation; 8 =mica schist; 9 =black schist.
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sential part of the Sumi-Sariola sequence.
nltJIroll""ldtJIr"l1lC'1rrll'll""o or beds with

have been
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graphic correlation of these units, as suggested
by Laajoki et al. (1989) seems tenable.

In northern Kainuu, the Nenakangas-type con
glomerates (Laajoki, 1988b) and the dominant
ly arkositic Kiskonkoski Formation (Laajoki et
al., 1989), in places unconformably overlying
Korvuanjoki Group, can be correlated with the
Jero Formation or at least its lower parts
37). In the Hyrynsalmi area, both the lowermost
Syvajoki Formation and the Iso Tuomivaara For
mation (Kontinen, 1986) share some lithological
features in common with the Jero Formation, but
evidence at present is insufficient to defi
nite correlation. Laajoki et al. (1989) neverthe
less regard the Syvajoki Fm. as a correlative of
the Kiskonkoski Formation,

In the Kiihtelysvaara - Vartsila area, the Jatu
li-type sequence (Raatevaara and Hyypia Groups)
is intepreted to have been deposited in a basin
characterized by littoral and shallow water ma
rine conditions. Immature sediments of fluvia
tile origin are present only in the lowermost
Viesimo Group 1979; Pekkarinen
and Lukkarinen,

To assist discussion of correlations between the
southern and northern parts of the North Karelia
Schist attention will be drawn to a few fo
cal points regarding the subdivision of strati
graphic units in the area.

The contact between the Viesimoand Raatevaara
Groups and lower of Jatulian

of Pekkarinen (1979), is not
exposed but has been intersected
several localities . The reported increase
in sericite content of the Sarkilampi Formation
has been attributed to chemical weathering
(Pekkarinen and Lukkarinen, However,
if this paleosol and the overlying quartzite are
correlated with the Hokkalampi Paleosol and the
Koli quartzite in the present study area, several
other problems will arise, as has already been
pointed out by Pekkarinen (1979), who based his
correlation largely on similarities between
Haukilampi Formation (Lower Quartzite Fm, of
Pekkarinen, 1979) and the Koli Quartzite. The

problems may be as follows:
1. The uniform presence of basal arkosite in

the Kiihtelysvaara-Vartsila (Nykanen, 1968,
1971; area versus the sporad
ic occurence of the Kyykka Group in the study
area.

2. The absence of a middle arkosite between
the two quartzites in the Kiihtelysvaara-Vartsila
area versus the presence of the Jero
Arkosite the area.

3. The presence of the volcanite horizon on top
of the lower quartzite (Haukilampi in the
southern part of the Kiihtelysvaara-Vartsila area
versus the total absence of volcanics in the pres-
ent area.

4. The presence of the 'Marine Jatuli-type
dolomites and black schists of Hyypia Group in
the southern part of the Kiihtelysvaara-Vartsila
area versus their total absence in the present study
area.

5. The thickness of the siliciclastic Jatuli-type
rocks in Kiihtelysvaara and Vartsila is much less
when compared to the Koli area. Especially, the
thickness of the Kalkunmaki Formation
Quartzite Fm. of 1979) seems to be
only one-sixth of that of the Puso Quartzite.

According to Pekkarinen (1979), the sediments
of the Sarkilampi Formation art: rather variable
in character with regard to mineral and chemi
cal compositions and primary features. The low
er, unsorted ar kosite is in places associated with
the of Polkkylampi For
mation which shows glaciogenic features. More
reworked arkosites and conglomerates with
rounded pebbles and cobbles forrn the upper part
of the formation. At Sarkilampi the sediments
of the type are separated from the breccia
conglomerate by an unconformity (Pekkarinen,
1979).

The upper arkosite (e.g., at Sarkilampi) and
the conglomerate rnember of the Jero Formation
are very similar, both in sedimentary style and
in composition. In addition, the Jero conglomer
ates and coarse arkosites seem to directly con
tinue from the southern part of the Nunnanlahti-



Koli-Kaltimo area via Monni to the Kiihtelysvaara
area.

It therefore seems justified to correlate of the
Jero Formation with the upper the
Sarkilampi Formation. Consequently, only the
lowest, sporadic occurrences of conglomerate at
Kiihtelysvaara are considered to be correlative
with the Kyykka Group. l\. corollary of this is
that the counterpart of the Koli Formation at
Kiihtelysvaara is absent or only sporadically
preserved.

Accordingly, the Puso Formation and the
Haukilampi Formation at Kiihtelysvaara are cor
relative with each other. This accounts for the
absence of volcanites the study area and is
perhaps supported by the fact that the .AL""-'U'JI._I'U'JL_

Formation (mafic volcanics), the Kalkunmaki

Tectonic

In the Karelian system, discrete mafic magmat
ic episodes with ages around 2100 and
1970 Ma have been reported (Huhma, 1986;
Huhma et al., 1990; Vuollo et al., 1992). In North
Karelia, the rocks of the Kyykka Group and cor
relative formations comprise a purely sedimen
tary series, whereas in Kainuu (Laajoki et al.,
1989) and Russian Karelia (e.g. Salop,
glaciogenic rocks are underlain a volcanic
sedimentary unit. In Lapland the lowermost Pro
terozoic unit isdominantly volcanic and the de
velopment of the Lower and Middle Lapponi
rocks took place prior to 2200 Ma (Lehtonen et

in press). If the deposition of the
Group is related to rifting about 2400 Ma ago,
the absence of the corresponding volcanic rocks
may indicate that evolution did not proceed to
the stage of magmatism in the North Karelia Re
gion.

Metadiabases of various ages are typical of
throughout the entire Karelian domain, and one
of the most striking features in the geology of
North Karelia is the abundance of mafic dykes
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Formation and the
Group (Marine association) all wedge
out towards the study area in northern
of the Kiihtelysvaara area. The Puso and
A...II.".. un....I...I.u..B.u.~.J..I. I"lrl1-:l1r-t'71-toC' are also similar both
in lithology 1987)
and in paleocurrent directions (Ojakangas, 1965;
Marmo et 1988).

The Tottolampi conglomerate con-
taining quartzite and mafic and interbed-
ded with partly red-colored quartzite (Kohonen,
1987), is a candidate for correlation with the
Kalkunmaki Formation at Kiihtelysvaara, This
interpretation is very tentative, but must be kept
in mind especially in speculations concerning the
character of the western contact of the quartzites.

'with ages of 2.2-1.97 Ga the studied
·_In-t- ....r'l.1I''',..,..,, sequence. According to Fahrig
such extensive cratonic swarms are charac
teristic of two tectonic environments: failed arm
rifts and margins.

The karjalitic (gabbro-wehrlite) magrn.atism is
1I-n+01l"'...."' ....01t'oril to represent the advanced stage of the
same rifting that resulted in the deposition of the
immature sediments of the Jero Formation. In
a more broad context, this event may be inter-

as an intracratonic
about 2.2 Ga ago in North Karelia as well as in ad
jacent areas in Kainuu. The reported Nenakangas
1I11nt"Alll ... l"'ilr1'1111 ...·u \.JL..I'-I~"I'-'..IL'-..IL't 1988b) and the arrange-
ment of intrusions correlative with karjalites
(Kontinen, 1987) are in accord with the model
presented. It is tentatively assumed that in
Lapland more significant crustal extension oc
curred and that contemporaneous volcanism took
place (Fig. 38).

The extensive tholeiitic dykes with ages around
2.1 to 2.0 Ga in eastern Finland form subverti
cal NW-trending swarms (Aro and Laitakari,
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Fig. 38. (A) Schematic section across Jero basin after intrusion of karjalites and (B) tentative reconstruction of correspond
ing intracontinental rift system about 2.2 Ga ago.

intrusion of these has been con-
Gaal and Gorbatch
Karelian continent

of the Svecofennian
The For-

llhtpl'~TC'~T~~~r~ is cut 2. Ga mafic
U~Brlr ... ,.......... ~.",", and and

this seems to be the case also with the Puso For-

mation
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within the
of an ':In-,n-14f"lrtf"l+14'""\"'':lM a'....."/'.,/"\ ......'I""....,.a1l1Tn. basin

related to an initial of crustal extensional
trnnrunz rather than to of a

economic is outside the
.......u.J .....,,'''IJ~ and es-

are considered here. Most mineral within
area have an obvious control

and, consequently, we believe that the results of
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this study can be utilized in future prospecting.

The study area is well-known for numerous,
but small, uranium occurrences.
stratabound, the deposits are epigenetic in nature
(Piirainen, 1968;Aikas and Sarikkola, and
thus differ from the uranium
deposits of Witwatersrandl and Elliot Lake, The
uranium mineralizations can be roughly divided
into three types, and in all these the Archean
granitoids and the associated Proterozoic
paleosol are considered to be the most probable
source of uranium (Aikas and Sarikkola, 1987).

The first, and largest, group of deposits con
sists of uranium and thorium rich lenses along

certain horizons within the sequence. Thorium
is mostly observed to occur in the Vesivaara for
mation, whereas uranium has been enriched in
parts of the Koli and Jero Formations, Within the
Koli Formation, the uraniferous zone is located

upper, but not part of the for-
mation where an exceptionally well sorted, seri
cite-poor horizon local quartz-pebble
conglomerates is present. These rocks show,
atypically for the formation as a whole, locally
patchy, epigenetic red coloring, This probably
implies that the zone acted as a permeable pas
sage for the epigenetic fluids carrying the urani
um. In places where reductants were present the
precipitation of uranium locally occurred. Within
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the Jero Formation the situation is similar,
but the host rocks are magnetite bearing grits,
quartz-pebble conglomerates and pebbly subar
kosites in the lower part of formation (Aikas and
Sarikkola, 1987).

The second type of uranium mineralizations
occurs at the contacts between diabases and with
the rocks representing lowermost parts of the
Herajarvi Group .. According to Piirainen (1968),
the ferrous iron in the mafic dykes acted as a
reducing agent causing the precipitation of ura
nium. The third mineralization type, represent
ed by the Riutta deposit, occurs as small, rich
pockets near the basement-cover interface. This
deposit displays features common to the uncon
formity-type uranium ores (Aikas, 1989).

The impetus for studying the gold potential of
the Koli area was based on the observation that
the rocks resemble those described from the fa
mous auriferous conglomerate areas (e.g.
Witwatersrand, Jacobina) both in age and
composition. However, the results from sam
pling conducted by sedimentological basis, using
analogues from well studied goldfields, were
discouraging. Only a few samples from the
Vesivaara Formation showed slightly anomalous
gold contents (for details, see Marmo, 1988a).

It seems that, if the Witwatersrand-type genetic
model and paradigm are taken to be valid, the
most probable reasons limiting the gold poten
tial of the study area are the composition of the
paleoatmosphere and the provenance. Both the
sedimentary sequence studied and the source
rocks are about 300 Ma younger than the Wit
watersrand counterparts (e.g. Armstrong et aI.,
1991). It is widely accepted that the nature of the
atmosphere changed from reducing to oxidizing
in Early Proterozoic times (e.g. Cloud, 1968;
Walker et al. 1983). If the oxyatmoinversion had
an impact on the behaviour of gold in supra
crustal processes, as seems to be the case with
detrital uranium minerals in this kind of deposits,
the age difference could be critical.

However, during the project the lithological
similarity of some rocks of the studied sequence

and the rocks hosting paleoplacer-type deposits
was vindicated. The Koli Formation in particu
lar and the Upper Witwatersrand Formations (cf..
Button and Adams, 1981)are quite similar. Both
are dominated sericite-quartzites, classified as
primary quartzwackes, and quartz-pebble con
clomerates are common; chemical compositions
are alike; both are associated with a paleosoll and
deposition of both units occurred in fluvial en
vironment. Further, when examining the com
mon characteristics of ancient gold-bearing
placers presented Minter (1991), almostall the
criteria regarding sedimentology and tectonic set
ting are positive in the study area. The only major
drawback is the absence of detrital sulphides and
uraninite in the study area.

In southern Africa the Archean greenstones
have been proposed as the source of the detrital
gold (Pretorius, In contrast, both the con
glomerates and detrital heavy minerals (Kohonen,
1987) from the study area indicate a source area
consisting mainly of felsic plutonic rocks. 'This
may in fact be the decisive factor decreasing the
potential for paleoplacer gold in the study area.

A major aspect of the present study has been
the assessment of industrial minerals. Kyanite
deposits in the Koli area have been known since
the early decades of this century, but the connec
tion between these and the Hokkalampi Paleosol
was first recognized by Marmo (1986, 1992). In
short, deposits of kyanite, andalusite and iron
poor white mica are formed during low-grade
regional metamorphism of a paleosol character
ized by enrichment of aluminium and strong
depletion of alkalies, alkali-earth elements and
iron. The most richest and coarsest-grained pock
ets are found in places where segregation of
quartz veins has locally caused further enrich
ment of aluminium in the wall rocks.

The base metal indications within the studied
sequence are restricted to uneconomic sulphide
lenses in quartz-carbonate veins at diabase con
tacts, and to the epigenetic Zn-Pb mineralization
at Rintasenvaara. In the latter case (for details,
see Marmo, 1988b) the lower part of the Hat-



tusaari Formation has been albitized and miner
alized, and interestingly, some of the fragments
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in the conglomerate consist of massive sulphide
ore.

The Early Proterozoic formations in the study
area are divided litostratigraphically into the
Kyykka and Herajarvi Groups. The lower group
comprises the Ilvesvaara, Urkkavaara and
Hattusaari Formation, 'while the Vesivaara,
Koli, Jero and PusoFormations constitute the
Herajarvi Group. The two groups are separated
by the Hokkalampi Paleosol, The lithostrati
graphic use of traditional names, Sariola and
Jatuli, is not no longer recommended, but they
still appear to be useful as 'megacycle' or 'tee
tofacies' terms.

The stratigraphy of the study area forms a
unique platformal sequence within the North
Karelia Schist Belt and the closest analogue can
be found 300 km to the north, in the northeastern
part of the Kainuu Schist Belt, In general, the'ex
traordinary' sediments of the glaciogenic unit to
gether with the association of Hokkalampi-type
paleosol and ultramature sediments may have
potential for regionallithostratigraphic correla
tion over great distances"

The intrusion of karjalites about 2.2 Ga ago
accompanied intracratonic rifting, possibly
representing a failed arm related to more signifi
cant crustal extension in Lapland. The associat-

eel fault zones controlled the preservation of the
Vesivaara, Koli and Jero Formations, and the
present location ofthe Archean - Proterozoic
boundary within the study area. This event
caused local disconformities in sedimentary se
quences as indicated by »Nenakangas-type» con
glomerates in the Kainuu area. Given that the
ideas presented here concerning the preservation
of the pre-Jero sequence are valid, analogous rift
basins should also regionally be surrounded by
mafic intrusions correlative to karjalites,

As a whole the sequence studied reflects alter
nating phases of rifting and intermittent stabili
ty. These depositional conditions were terminated
by the break-up of the continent about 2.1 - 2.0
Ga ago.

It is suggested that Jero and Puso Formations
in the study area correlate with the upper arko
site of the Sarkilampi Formation and the
Haukilampi Formation in the Kiihtelysvaara
Vartsila area; the sequences preserved the two
areas represent partly distinct stratigraphic lev
els and together form an excellent example of
different major cycles, or tectofacies, typical of
the Karelian Domain in eastern Finland.
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Appendix 1. Locations of type localities and reference sections for the established stratigraphic units.

Kyykka Group; type area: Kyykka, Kontiolahti

Ilvesvaara Fm.; lower contact: map sheet 4224 11 D, x = 6969.04, y = 4499.25 (Ilvesvaara); map sheet 4224 llB, x = 6965.82,
y=4493.67 (Ahola); type localities: map sheet 4224 llD, x=6969.11, y=4499.25; map sheet 4224 llB, x=6965.82,
y = 4493.67 (solitary outcrops in the surroundings of Lake Pesinpyttylampi and at Ahola)

Urkkavaara Fm.; lower contact (nearly exposed): map sheet 4224 llB, x=6965.27, y=4499.62
Lower siltstone-argillite Mb.-Iower graded sandstone Mb.; type section: map sheet 4224 llD, x = 6969.27, y = 4499.92
to W (270°)
Lower graded sandstone Mb.-upper siltstone-argillite Mb.; type section: map sheet 4224 llD, x = 6969.30, y = 4499.62
to W (270°)
Upper siltstone-argillite Mb.-diamictite Mb.-upper graded sandstone Mb.; type section: map sheet 422412C, x=6670.39,
y = 4499.48 to W (270°) (gradual lower contact of the diamictite member 201TI W from the starting point)
Upper siltstone-argillite Mb.-upper graded sandstone Mb.-parallel bedded conglomerate Mb.-cross-bedded conglomerate
Mb.; type section: map sheet 4224 12C, x = 6971.42, y = 4499.94 to W (270°)
Cross-bedded conglomerate Mb.; type locality: map sheet 4224 12C, x = 6972.00, y = 4499.20 (scattered outcrops at
the top of the hill Verkkovaara)

Hattusaari Fm.; lower contact: map sheet 4313 12B, x=7008.30, y=4490.83 (Rintasenvaara); type section: map sheet
4313 12B, x=7oo8.30, y=4490.83 to SW (225°), reference section: map sheet 4313 09D, x=7oo8.82, y==4489.75 to S (180°)

Hokkalampi Paleosol; type area: Hokkalampi, Kontiolahti

lower contact: map sheet 422412C, x=6971.17, y=4498.78 (Mokinpelto); map sheet 4331 01A, x=6980.65, y=4501.00
(Paukkajanvaara)
type locality 1: map sheet 4224 12C, x = 6972.65, y = 4497.35 (surroundings of Lake Hokkalampi); type locality 2: map
sheet 4313 10D, x=6987.93, y=4499.53 (Hirvivaara)

Herajarvi Group; type area: Herajarvi, Eno-Kontiolahti

Vesivaara Fm.; lower contact DH 4313/84/301,302,303 (Nuutilanvaara); type section: map sheet 4313 llC, x = 6990.59,
y=4497.63 to SW (230°), reference section: map sheet 4313 10D, x=6988.85, y=4499.42 to SW (250°)

Koli Fm.; lower contact: map sheet 4331 01A, X= 6980.66, y= 4500.96 (Paukkajanvaara); map sheet 4313 llB, x = 6999.33,
y = 4490.42 (Koli)

Conglomerate Mb.; type section: map sheet 4331 01A, x=6980.59, y=4500.44 to SW (240°)
Quartzite Mb.; type section: map sheet 4331 01A, x = 6980.36, y = 4500.80 to WSW (250°), reference section: map
sheet 4313 llB, x=6995.10, y=4493.75 to S'W (225°)

Jero Fm.; lower contact: map sheet 4331 01A, x=6980.28, y=4500.63 (Sikovaara): map sheet 4224 12C, x=6983.47,
y = 4496.68 (Sammakkovaara)

Conglomerate Mb.; type section: map sheet 4313 10C, x = 6984.42, y= 4497.46 to NW (300°), reference section: map
sheet 4313 061::>, x=7008.34, y=4475.94 to SW (230°)
Arkosite Mb.; type localities: map sheet 4313 10C, x=6984.65, y=4496.37, x=6982.42, y=4497.70, 4313 11 A,
x=6994.63, y=4490.76, 4313 06D, x=7007.50, y=4476.08

Puso Fm.; lower contact: map sheet 4242 03C, x=6972.45, y=4505.60 (Kaltimonjarvi)
Subarkosite Mb.; type section: map sheet 4313 10D, x = 6988.32, y = 4495.30 to W (270°)
Quartzite Mb.; type localities: map sheet 4313 10C, x=6981.14, y=4496.94, map sheet 4313 lOB, x=6987.96,
y = 4494.17; x = 6987.94, y = 4492.88



Appendix 2. Location of samples for XRF-analyses. Geological Survey of Finland, Bulletin 364

Sample Map sheet x y

Table 5.

1. composite
2. composite
3. JSM-81-175.M3 4224 lIB 6965.82 4493.67
4. JSM-8Jl-175-Ml 4224 lIB 6965.82 4493.67
5. JSM-8Jl-175-M2 4224 lIB 6965.82 4493.67
6. JJK-82-7.1 4224 lID 6969.31 4499.90
7. J JK-82-7.7 4224 lID 6969.28 4499.88
8. J JK-82-7 .M3 4224 lID 6969.27 4499.87
9. JSM-81-194 4224 12C 6970.40 4499.42

10. JSM-84-5 4224 12C 6971.77 4499.65
11. JSM-81-194 4224 12C 6970.40 4499.43
12. JSM-84-18 4224 12C 6972.67 4498.80
13. JJK-82-76 4224 12C 6970.13 4497.93
14. JSM-84-7 4224 12C 6971.83 4497.56

Table 6.

1. DH 303/80.2m 4313 l1A 6994.13 4494.62
2. DH 303/74.0-80.0m
3. DH 303/65.2-66.8m
4. DH 31l/61.0-70.0m 4224 12C 6973.95 4497.32
5. JSM-86-27 4313 10D 6988.10 4498.92
6. DH 311/0.0-20.0m 4224 12C 6973.95 4497.32
7. DH 307/53.0-63.0m 4224 12C 6971.88 4497.10
8. DH 307/10.7-20.7m
9. DH 303/42.5-47.4m 4313 llA 6994.13 4494.62

10. DH 303/31.1-39.6m
11. JJK-84-62.2 4313 lIB 6990.56 4497.62
12. JJK-84-62.3 4313 lIB 6990.56 4497.62
13. J JK-84-62.4 4313 lIB 6990.56 4497.60
14. PAH-85-15.1 431306D 7008.51 4476.05
15. DH 303/0.4-12.7m 431311A 6994.13 4494.62
16. JJK-84-2.2 424203B 6979.66 4503.58
17. J JK-84-25.5 4331 01A 6980.35 4500.78
18. J JK-84-25.8 4331 01A 6980.33 4500.74
19. J JK-84-63.3 4313 llC 6990.45 4497.57
20. J JK-84-64.3 4313 l1C 6990.36 4497.56
21. PAH-85-18.1 431306D 7008.38 4476.06

Table 7.

1. JJK-84-25.12/1 4331 01A 6980,,30 4500.62
2. JJK-84-25.16 4331 01A 6980,,30 4500.61
3. JJK-84-29.1 4313 10C 6982,,64 4498.66
4. JJK-84-68.3 4313 10D 6989,,89 4497.24
5. JJK-84-19.6 424203B 6978.93 4501.86
6. JJK-84-32.3 4313 10C 6982.21 4498.52
7. PAH-85-30.6 431306D 7008.36 4476.03
8. PAH-85-32.1 431306D 7008.30 4475.99
9. PAH-85-33.1 4313 06D 7008.32 4475.95

10. PAH-85-33.3 4313 06D 7008.32 4475.93
11. PAH-85-34.2 4313 06D 7008.34 4475.78
12. JJK-84-36.2 4313 10C 6982.37 4497.87
13. JJK-84-18 424203B 6978.75 4501.93
14. PAH-85-37.2 431306D 7007.65 4476.15
15. JJK-84-43.1 4313 10C 6981.69 4497.32
16. JJK-84-85.1 4313 10D 6988.32 4495.28
17. JJK-84-46.1 4313 10C 6981.10 4497.02
18. JJK-84-93.1 4313 lOB 6988,,15 4494.17
19. JJK-84-55.16 4224 012D 6969,,80 4496.96
20. JJK-84-100 4313 lOB 6987.73 4493.74
21. JJK-84-52.4 4224 12D 6979.32 4496.02
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