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The availability of various kind of satellite imageries and geological, geo-
chemical and geophysical data in useful form has given possibility to confirm
the earlier tectonic interpretations of deep fracture zones and to find new
interesting zones for the exploring of alkaline rocks in Finland. The interpre-
tations and suggestions given here are tentative prognoses for prospecting
certain areas. The selecting of real target areas need more work. Some methods
for this kind of classifying research for planning prospecting projects have been
recommended. So far the Finnish Lapland is regarded as a region where the
methods suggested here would give useful results.
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INTRODUCTION

From the beginning of late 1950’s unique tec-
tonic models were used in Finland when plan-
ning areal prospecting projects. An important
aspect was to pay attention to deep fractures as
critical zones for prospecting of alkaline rock
complexes. Also new anortosite-gabro massifs,
containing V-, Ti-, Fe-ores, similar to at that time
active Otanmzki mine, were believed to be dis-
covered. The background idea was to improve
the economy of the iron ore mining by bypro-

duction of niobium, vanadium or titanium. There
were many foreign examples of this kind.

Weather satellite imagery was available from
the beginning of the 1960’s. The cloudless image-
ries made it possible to use them with other geo-
data in localization of deep fracture zones. Some
Tiros and Essa imageries were guiding the ore
prospecting activity, which ultimately caused the
discoveries of the Sokli, Laivajoki and Kortejarvi
carbonatites in Finland.

Prognoses of alkaline rocks tectonics, based on
the new structural tectonic materials and other geo-
data, are discussed in the following.
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ALKALINE ROCKS AND GLOBAL TEC-
TONICS

Increasing global knowledge of alkaline rocks
and their distribution has progressed possibilities
to connect genetically alkaline rock zones and
provinces to the structure of the crust. East Af-
rican alkaline rocks are associated with thou-
sands of kilometers long rift valley system. Cor-
responding large scale structures were outlined
to Europe by Kukharenko (1967). According to
him, alkaline rocks of Kola and Oslo jord belong
to the diagonal system beginning from Southern
Norway and continuing through the Rhein-Graben
to the Rhone valley. Gorbunov et al. (1978) re-
garded later NE-SW oriented multiple deep frature
zone system as the control of the occurence of
alkaline rocks. Negrutsa (1978) has shown also
W-E oriented deep fracture system. Beljaev et al.
(1977) suggested that the circular tectonics char-
acterizes the Kola alkaline rock province.

The Sokli carbonatite complex was disvovered
in 1967. The observations from the weather satel-
lite (TIROS- and ESSA-series) in the beginning of
1960’s pointed to possibilities that the deep frac-
tures controlling the alkaline rocks of Kola could
continue to the Finnish side (Fig. 1). The lin-
eaments of the Fig. 1 are showing the earliest tec-
tonic interpretations of that time (Paarma, H.
1970). The discovery of Sokli confirmed later the
presence of SE-NW oriented alkaline rock con-
taining deep fracture zone (Paarma & Talvitie,
1977). This fracture can be a part of the global deep
fracture system.

Bush (1983) has studied deep fractures all over
the Eurasia and found a transcontinental N-S ori-
ented rift type, deep fracture system, which is more
regular and better developed than the diagonal sys-
tems. Plate tectonic models are also used for un-
derstanding of the global distribution of alkaline
rocks (Doing, 1970).

LOCAL TECTONICS OF ALKALINE ROCKS

In spite of 360-380 Ma (Kramm et al. 1993) old
alkaline rocks and carbonatites, also precambrian

ones occur in Finland and in Kola (Vartiainen
and Woolley 1974).

The lineament I-I in Fig. 2, which was inter-
preted from TIROS weather satellite imagery, was
a basis to localize precambrian Kortejérvi, Laiva-
joki and Halpanen carbonatites. Siilinjarvi car-
bonatite was known earlier (Puustinen, 1971).

The age determinations made from the carbona-
tites and gabros occuring within the submeridian
fracture zone I-I (Fig. 2) indicate repeated activity
of this fracture zone.

Other geodata refers also to the possible much
later activity of this zone as shown by the combina-
tion of geological and geophysical data in Fig. 3.

There are several submeridian deep fractures in
Finland and in the neighbouring areas. It is possi-
ble that some of these submeridian fracture zones
could contain alkaline rocks of different ages. The
following examples are indicative references. In
Sweden so called Protogen zone is a submeridian
one. Two paleozoic alkaline rocks (Norra Kirr and
Sidrna) are localized beside it. Alkaline lampro-
phyres or kimberlites of Kalix in Northern Sweden
and the Stjernoy alkaline rock complex can be
associated with the submeridian tectonics (Fig. 2).
The boulders presented in Fig. 2 are not yet local-
ized into the bedrock. The most interesting is as-
trophyllite bearing nefeline syenite boulder found
from North Karelia (Eskola & Shalstein, 1936).
The source rock of this boulder has not prospected
on the basis of the tectonic interpretations pre-
sented here. Also can be stated that the sub-
meridian lineament east from the lineament I-I
(Fig. 2) continues to south into the Karelian Isth-
mus as a paleozoic fracture (Uvadjev, 1978).

Kumarapeli and Saull (1966) have presented
that in St. Lawrence valley system, in addition to
alkaline rocks, occur also kimberlites. In literature
there are several examples of the close genetic and
tectonic relations between alkaline rocks and kim-
berlites. The new discoveries of diamond bearing
kimberlites in Kantalaksha deep fracture and in its
continuation in Arkangelsk area have given addi-
tional support for prospecting of alkaline rocks on
the basis of the deep fracture tectonic research.
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Figure 1. The alkaline rocks of north eastern Fennoscandia with supposed tectonic zones before finding of the
Sokli carbonatite massif. Shaded: area of prospecting in 1967. 1 livaara, 2 Jelettijirvi, 3 Sallanlatva, 4 Vuorijdrvi,
5 Koutajcirvi, 6 Tury, 7 Sokli, 8 Kovdor, 9 The Habozersk group, 10 Salmagorsk, 11 Soustovsk, 12 Khibina, 13

Lovozero, 14 Kontozersk, 15 Pesoi River, 16 Gremjaha-Vyirmes, 17 Sebljavrsk,18 Tsagve-Oaivu.

RECOMMENDATIONS FOR AREAL
PROSPECTING OF ALKALINE ROCKS,
CARBONATITES AND KIMBERLITES

The kind of tectonic model compiled and inter-
preted by Paarma and Kuosmanen (1993) as
presented in Fig. 2 is suitable only for prelimi-
nary prognosis. This tectonic model ought to be
improved by many methods. Only one model is
not enough for plannning prospecting projects.

Thus the prospecting efforts of alkaline rocks
are better to direct to the crossing areas of deep
fractures. The preliminary prognosis presented
in Fig. 4 is compiled using our present interpre-
tation of large scale tectonics and other geodata
so as the circular structures seen in Fig. 2.

At the same time when the preliminary progno-
sis map will be completed, more detailed interpre-
tations should be done on the most interesting ar-
eas of the prognosis map (Fig. 4). There are plenty
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Figure 2. The interpretation map by Paarma and Kuosmanen (1993) supplemented by some geological and
tectonic data.
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Figure 3. Selected geophysical, geological, geochemical, geomorphological and satellite lineaments of Finland
(collected by Paarma).
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Figure 4. Simplified preliminary lineament model over Finland and suggestions for target areas for prospecting
alkaline rocks and kimberlites.



of undrilled magnetic and radioactive anomalies in
Finland. When choosing these for prospecting tar-
gets, the tectonic interpretations presented here
could help in prognostification the most interesting
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places. By this method the Kortejérvi and Laiva-
joki carbonatites were discovered. Also the sur-
rounding areas of known carbonatites and alkaline
rocks are perspective for prospecting. Such a local
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Figure 5. An example of local prognosis for prospecting targets based on satelite imaginary interpretation.

Modified from Paarma (1992).
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prognosis bases on remote sensing is shown in Fig.
5.

SOME IDEAS OF THE LOCALIZATION
OF SEPARATE ALKALINE MASSIFS

All the alkaline rocks do not give magnetic or
radioactive anomalies. Also Sokli could have
been found by geochemical methods (Vartiainen,
1976). All the geodata so as geochemical anoma-
lies of till and river sediments typical to alkaline
rocks,geophysical anomalies and interpretations
of remote sensing ought to be thus combined
when prospecting alkaline rocks on critical areas.
For example it should be checked if Nb, La, Zr,
Sr or Ba high are associated with the circular
structures in Fig. 5 (Paarma, 1992).

During the exploration of Sokli, various special
methods of interpretation of aerophotographs and
satellite imageries were tested. The weak glacial
dynamics is typical to glacial divide regions such
as the Sokli area is. On these regions, for example,
false colour pictures could be used to localize
small circular targets possibly indicating kimber-
lite pipes or new alkaline rocks and carbonatite
dikes outside the known massifs. The Finnish Lap-
land is a region where combined interpretation of
aerophotograps and geo- and biochemical methods
would give useful results.

In Finland we have plenty of unprofessional ore
boulder hunters. By teaching them to identify al-

kaline rocks and carbonatites and especially
fenites, we could promote to get new prospects.

SOME NEW POSSIBLE METHODS FOR
PROGNOSIS OF ALKALINE ROCK
AND CARBONATITE PROSPECTING
COMBINED WITH GENERAL AREAL
METHODS

The following methods can be recommended:

— colour aerophotographs in autumn, when deci-
duous trees are coloured

— high level false colour aerophotographs

— boulder hunting, as mentioned before

— exploring of mini diamonds from fluvial gravel
and sands

— utilizing foreign references

— remote sensing: night thermal and other chan-
nels

— analyzing alkaline rock critical elements (Nb,
REE, Ta) in geochemical mapping

CONCLUSIONS

Rautaruukki Oy applied deep fracture tectonics
to the prospecting of alkaline rocks in 1960-
1970’s. Now in 1990’s excellent data is available
to continuing that kind of work. Various meth-
ods, which are only preliminarily tested, could
promote this task either in the interpretation of
large scale structures or local prospecting ob-
jects.
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