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The Haukivesi area is part of a Precambrian orogenic belt. Its supracrustal
rocks can be regarded as having been deposited in a geosynclinal system
consisting of an eugeosynclinal basin in the northern and central Haukivesi
area and a miogeosynclinal trough recognizable in the southern Haukivesi area.
The eugeosynclinal facies is represented by a monotonous series of veined
gneisses and a complex of diopside-amphibolites, the latter being mainly of
volcanic origin. The rocks of the miogeosynclinal facies deposited under
synorogenic conditions, comparable to the flysch of the Alpine orogeny, at the
same time as the folding of the eugeosynclinal series started in the north. They
are composed of metaturbidites with conglomerate intercalations at the bottom.
Due to strong metamorphism, the bulk of the turbidites has been converted
into coarse grained cordierite gneisses. A geanticline probably existed between
the eugeosynclinal and the miogeosynclinal basins where the old basement
might have been exposed, as is indicated by granite and granodiorite pebbles
in the conglomerate.

The supracrustal rocks are intruded by a manyfold series of plutonic rocks
accompanied by various types of migmatites. The structures and compositions
of the migmatites were studied in detail because they play an important role
in the classification of the intrusive rocks. Typical of the Haukivesi area are
trondhjemites and a mangeritic intrusion series ranging in composition from
quartz-diorite to ultrabasics. The mangeritic intrusions are connected with
palingenetic trondhjemite migmatites, among which the most characteristic
for the Haukivesi atea are intrusive breccias and schollenmigmatites. The term
charnockite has been applied to some mangeritic rock and also to some veined
gneisses. These charnockites represent a zone of extremely high PT-conditions
and they seem to be associated with the Ni-Cu-bearing basic and ultrabasic
intrusives encountered in the Haukivesi area.

The rocktypes of the Haukivesi atea are highly metamorphosed under the
PT-conditions of the almandine-amphibolite facies and, along the central axis
of the Haukivesi in a NW-striking zone, the granulite facies. Their tectonics
are characterized by complicated deformation patterns produced by multiphase
folding, intrusions and fracturing. The eatliest structures are probably the
south-facing recumbent folds and overthrusts connected with early tectonic
trondhjemite intrusion sheets. During the second or main deformation phase
the greatest normal stress (0,) acted in N-S direction as a strong compression
and the least normal stress (o;) in E-W direction as a moderate compression.
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This stress field generated E-W-striking isoclinal folds in en echelon manner
which were immediately affected and rotated towards NW-SE by a strong
shear stress 7 = :I:gl—.:'i The shear relaxed partly in the formation of vertical
right hand folds and partly by right hand faults in N 42 W direction. These
tectonic events were accompanied by the syntectonic intrusion of the bulk of
the mangeritic rocks. In the third deformation phase the orientation of the
stress field remained but its intensity changed. o, acted in E-W, o3 in N-S
direction. The stress field produced N-S striking open folds which were supet-
imposed on the older structures as culminations and depressions, leading to
the formation of domes and brachyantiforms. At the same time a new shear
zone developed in N 53 W direction with a system of left hand transcurrent
faults which were partly superimposed on the older right hand faults.

The absolute age of the mangetitic-intrusions, resulted from two isotopic-
ally dated zirkons, is around 1925 m.y.

G. Gadl, Exploration Department, Outokumpu Co, P.O.Box 27, 02101 Tapiola,
Finland.

E. Ranhamiki, Outokumpu Co, 83500 Outokumpnu, Finland.
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PREFACE

In many works on Precambrian geology
petrological and mineralogical aspects ate over-
emphasized, which in some cases leads to a one-
sided interpretation of the geologic observations.
However, the geology of a strongly deformed
and metamorphic terrain cannot be explained
by the petrology of its rock types alone, nor
can a map based purely on petrographic obset-
vations provide a complete geological picture.
This is especially clear in the rather complicated
geological features of the Haukivesi area, where
special attention was paid to tectonics and
stratigraphy.

In the tectonic studies of the present work
methods were applied which have been developed
in younger, three-dimensionally exposed terrains,
especially in the Alps and Scottish Highlands.
However, theories valid in younger mountain
chains cannot be applied in this area without
reservations. Right at the initial stages of the
work we were compelled to recognize that data
collected with these methods must be interpreted
with great caution. In order to achieve an objec-
tive picture, statistical methods were applied.
Co-workers collected large quantities of data
which were processed statistic-graphically in
various diagrams and maps. In the text the
main tendency is to separate empirical data from
hypothetical conclusions.

The petrological part of this study is basically
a petrographic description of the rock types.
However, it was possible to make some impor-
tant petrological conclusions which may provide
the initiative for further petrological research in
the area.

The Exploration Department of the Outo-
kumpu Co. has been carrying out systematic
geologic research in the Haukivesi area since
1963. The initial impetus to this operation was

given by Ni-Cu-bearing boulders of basic and
ultrabasic plutonic rocks found in many places
in the northern and central Haukivesi area.
Accordingly at the beginning, the geological
mapping was concentrated on basic and ultra-
basic plutonic rocks. Nevertheless, it was soon
realized that the geology of the area could not
be understood without a detailed knowledge of
its supracrustal formations, and systematic geo-
logical mapping covering the whole Haukivesi
region between the towns of Varkaus and Savon-
linna was started on the scale 1:20000. At a
later stage the detailed geological mapping
of some key areas was found to be necessary
and, at present, geological research is con-
tinuing in smaller areas favourable for the occut-
rence of ores.

The main phase of the field work was carried
out under the guidance of E. Viluksela between
1963 and 1967 who directed a team consisting
of four field groups lead by G. Gail, T. Karppa-
nen, J. Parkkinen and E. Rauhamiki. Some
smaller areas were mapped by R. Himiliinen
and U. Zischinsky (Fig. 1). Following the field
work, the data were compiled by G. Gail,
J. Parkkinen and E. Rauhamiki.

The second phase of the field work, revisions
and detail mappings on the scales 1:10 000,
1:4000 and 1 : 2 000, was carried out under the
supervision of G. Gail by field groups lead by
G. Gail, L. Grundstrém, E. Mattila and O. Ro-
senlund in 1969 and 1970 (Fig. 1).

The present publication is the result of coope-
ration by G. Gail and E. Rauhamiki. G. Gail,
the senior author, is responsible for the strati-
graphic and tectonic part as well as for compiling
the enclosed maps and making the detail draw-
ings. The petrographic part of the work was
carried out mainly by E. Rauhamiki. The photo-
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F1G. 3. Slumping structures in the Rantasalmi meta-
turbidite, Lahdenkyld, Rantasalmi.

pelitic layers, thus exhibiting small-scale cross-bedding.
The top of the cycle is a very fine-grained pelite. The
average cycle is incomplete, ¢g. the upper part of the
cycle may occasionally be truncated by erosion.

Each cycle in the metaturbidites contains the
material brought into the miogeosyncline by a
single turbidity current. The mechanism of this
process and methods of studying turbidites are

described by A. H. Bouma (1962).

B. Cordierite-gneisses of Savonlinna

In the cordierite gneisses of Savonlinna, the
rhythmic alternation of primary pelitic and psam-

mitic material, concretions and graded bedding
can be recognized. Because of geological evi-
dence, they must be regarded as strongly meta-
morphosed turbidites, although such subtle
structures as cross-bedding and slumping have

disappeared in the course of recrystallization.

III INTRUSIVE ROCKS

The history of the intrusive rocks started
together with the folding of the miogeosynclinal
sediments. It is possible to divide the intrusive
rocks into a time succession with the aid of the
deformation history and the contact relations.
This, however, is dealt with in the petrological
sector and structural analysis.

PETROLOGY
E. Rauhamiki

I SUPRACRUSTAL ROCKS

(Mineral compositions Table 1 and 2)

A. Eugeosynclinal series
1. Veined gneiss complex of northern Hankivesi
a) Biotite-plagioclase gneiss

Most of the biotite-plagioclase gneisses are
garnet-bearing veined gneisses. Only some small
parts of a schist formation which have avoided
migmatization occur in Kangaslampi and Oravi.
A pale trondhjemitic rock acts as the migmatizing
vein material. Macroscopically, the biotite pla-
gioclase gneisses are fine- to medium-grained
rocks, the weathered surface of which is a dirty
brownish grey or pure grey in colour. The
brownish colour is caused by the low-grade
pyrrhotite and graphite content. This later type
is more clearly layered and richer in biotite than
the grey type which often forms agmatic migma-
tites (Fig. 4) and usually contains abundant red
garnets composed of almandite-pyrope (70 : 30).
The indistinct bedding so often apparent in the
biotite plagioclase gneisses is due to the various
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