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Berggrunden i Kvarkenomradet utgors till storsta delen av de urgamla rotteemapiiekambrisk bergskedja. For ca 188|
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Djupt nere i jordskorpan omvandlades dessa avlagringar till metagravackor, stallvis fiteoguteller sulfidforande her
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kal 6verga i ett gnejsaktigt utseende. De stdrsta homogena djupbergartslika omradena finns Gster om Vasa, ithen &
kusten och i den finlandska skargarden finns stora omraden med liknande bergarter i omraden med gnejsiga bergq
den svenska sidan motsvaras Vasagraniten av schollenmigmatit och mobilisat.
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1 INTRODUCTION/JOHDANT O

The bedrock mapping of the Kvarken area (Merenkuikk~innish) in 20082005 was part of the Rin-
ish-Swedish Geonat partnership project. The purpose of the project was to provide information about the
geology and natural values of Kvarken to ensure sustainable development of the region. The results of tt
project were decisive when the UNESCO World Heritage Committee placed Kvarken archipelago and th
High Coast of Sweden on the World Heritage List. Kvarken is the first natural heritage site in Finland. On
the Finnish side, the Geonat project area covargdp of shore aboutk3n wide from Korsnas to

Oravainen. On the Swedish side, the corresponding strip of shore was in the municipalities of Umeé and
Nordmaling (Fig.1). At population centres, the width of the strip waari.0The archipelago between

Finland and Sweden was an essential element of the area. All the islands and islets in the archipelago
were mapped. In places the rocky terrain crops out from beneath the unconsolidated deposits as smaller
and larger outcrops. The present sedimentary covest(ytill) ranges in thickness from few of tens of
centimeters to over 10 meters. The bedrock outcrops in the Kvarken area are often glacially eroded and
polished and whale back rock outcrops with glacial striation and erosion marks are rather common.
lhaddi tion, al/|l of the regionds previous bedroc
the project. The material was used for creating a 1:200,000 bedrock map (Aphefdi& surface area

on the Swedish side was 3,400, and 6,25km? on the Finnish side, including the archipelago. The
bedrock was mapped by the geological surveys of Finland and Sweden. The purpose of the present pub
cation is to report the bedrock material compiled in the project at that time. Geophysical parameters a
given only from the Swedish side of Kvarken because in Finland the mapping team did not l@ave a ge
physicist on the field.

Merenkurkun alueen kallioperakartoitus vuosina 20085 oli osa suomalaisiotsalaista Geonat yhgei
tyoprojektia. Projektin t&oituksena oli tuottaa informaatiota Merenkurkun geologiasta ja luontoarvoista
alueen kestavan kehityksen turvaamiseksi. Projektin tulokset olivat ratkaisevia, kun UNESC®:n maai
manperintokomitea paatti heindkuussa 2006 hyvaksya Meatankgaariston maaian perintdluetteloon
yhdessa Ruotsin Korkean Rannikon kanssa. Merenkurkku on Suomen ensimmainen luonnonperinto-
kohde. Geonatprojektin alue kasitti Suomen puolella noin 3 km levean rantakaistan Korsnasigté Or

siin. Ruotsin puolella vastaava rantakamsjaittui Uumajan ja Nordmalingin kuntiin (Kuva 1). Asutus-
keskisten kodalla kaistan leveys oli 10 km. Oleellinen osa aluetta oli Suomen ja Ruotsin valinen saaristo,
mista kartoitettiin kaikki saaret ja luodot. Liséksi projektia varten digitoitiin kaikleen vanhat kallio-
perdtavainnot seka Suomesta ettd Ruotsista. Keratyn aineiston perusteella alueelta tehtiin 1:200 000 kal-
lioperakartta (Appendixl). Ruotsin puolella alueen pingda oli 3400 krdja Suomen puolella 6250 Km
mukaan lukien saaristo. Kalperakartoituksesta vastasivat Suomen ja Ruotsin Geologiset tutkimuskes-
kukset. Taman julkaisun tarkoituksena on raportoida projektissa tuolloin kertynyt kallioperaaineisto.
Tekstissa on geofysiikan parametreja vain Ruotsin puolelta, koska siella valliksgtannon mukaan
maastotoissa on aina mukana geofyysikko, Suomessa samaa kaytantoa ei ole.
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Figure 1. Location of the Kvarken area

2 GEOLOGIC HISTORY OF T HE KVARKEN AREA

The bedrock of the Kvarkenea belongs to the Precambrian Svekofennian province (Nironen 2015,
pers.comm) of the Fennoscandian Shield and is composed of hard crystalline rocks. They ave deve
oped during 700 million years (Ma) time period ranging from Paleoproterozoic, ca. 2000 Wkegp-
proterozoic, ca. 1300 Ma ago. 520 Ma ago Paleozoic sediments were deposited on the eroded peneplan
surface of the Precambrian crystalline rocks. Most of the Paleozoic sediments have desbdaiog

the last 500 million years. Evidence of theisezhtary cover can still be found in the Séderfjarderemet

orite impact basin, where tens of meters of thick pile of Paleozoic sediments (Cambrian) have-been pr
served.
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Figure2. A Sampl i ngo, Nor r a (Ehpta gahnmu Kujatha n Finland
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Thegeological history of the crystalline rocks in the Kvarken area starts with turbiditic sedimentation o
sand and mud beds on tileknown ancienbcean floor. Volcanic material, lavas and pyroclastites, d
posited as intercaledl beds and minor constituents within the turbidites. Subsequently, duringthe or
genic movements 1880 Ma ago (Svecofennian orogeny), this sedimentary pile sank down to about 15
ometers deep into earth's crust, recrystallised as mica gneisses andgresisse:s, different types of
migmatites and finally also partly fused into granodioritic melt. Intercalated mafic volcanic rocks recry
tallised as metavolcanites and amphibolites. Due to the partial melting and recrystallisation af the sed
ments the currd, rather het@igeneous rock association in the Kvarken area, called the Vaasa granite (i
Finland) and schollen (raft) migmatite or mobilizate (in Sweden), was formed. Abound 1800 Ma ago
small late to posbrogenic ganitic plutons as well as felsic digand pegmatites were intruded. After a
inactive period of 200 Ma, about 1570 Ma ago, rapakivi magmas intruded the upper parts of the crust
crystallised as batholites. The felsic rapakivi magmatism was accompanied by mafic magmatism, e
pressed as diaba (dolerite in Sweden) dykes (Sidtnian) and gabbros intruding the bedrock. Quartz
feldspar porphyries found only as boulders around the coastal area of Vaasa are consideredras near ¢
face equivalents to the rapakivi magmatism. The last magmaticiawbet Kvarken area was the imtr

sion of olivine diabases (dolerites) (Pdstnian) at1270/a.

The Svecofennian orogenic belt had lost much of its mountainous grandeur before the early Mesoprot
zoic time and thick sediments, 140000 Ma old, consistmof red Jotnian sandstone dafocovered

large areas in Satakunta and Muhos in Finland, and in Nordingra, Gavle, Dalarn and Smaland in Swe
Extensive Jotnian sandstone deposits have also interpreted to be at the bottom of the Bothnian Sea a
Bothnian Bay, north and south of Kvarken. Small boulders of red sandstone are common in the Finnis
coastal area near Vaasa as well as further inland. During stable tectonic conditiossaualcerosion

and sedimentation (e.g. the 600 Ma old, grayish Lawuhari sandstone, Finland) continued and the
Svecofennian surface flattened to peneplain.

Il n Cambrian, 520 million years ago, a meteori
SE-corner of the Kvarken area (Lehtovaara 1992). The impattrcprovided a shelter to the Cambrian
sediments against erosion and abrasion until present time, and thus we have an unique Paleozwic sec
tary record preserved within the Svecofennian schist belt.

Lower Cambrian siltstone in the Bothnian Sea wdhmparable seismic velocities to the Bothnian Bay
sedimentary rocks, north of the Kvarken area, give evidence for the Stéderfjarden belonging to the onc
widespread Cambrian sedimentary strata (Axberg 1980, Winterhalter 2000). Also erratics of sandston
found in many places in western Finland show similarities to the sandstones of Séderfjarden (Laurén e
al.1978).

During the orogenic period the sedimentary rocks were ductile deformed and typical gneissic structure
such as polyphase wei@med. Later the bedrock has been rigidly deformed seen as jointing and faul
ing. A major shear zone (The Merenkurkku shear) runs from south of the Séderfjarden impact basin tc
northwest towards Kvarken. According to seismic reflection data the thicknesst he Ear t h 6
Kvarken area is estimated to be over 50 kilometers (Korja et al. 2001).
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3 PALEOPROTEROZOIC ROCKS
3.1 Paleoproterozoicsupracrustal rocks

3.1.1 Mica gneisses and veined gneisses

The metasedimentary rocks of the Kvarken area are greygrfameed and more or less tectonicallyi-fol

ated and banded rocks of greywacke and argillitic origin (Figs. 3 and 4). In Sweden they belong to the
Harno group, which forms a continuation of the Pohjanmaa or Bothnian shist belt in Finland (Lundqvis
2000). h the Swedish part of the Geonat area, these rocks have been metamorphosed to sedimentary
gneisses grading to veined gneisses (Fig. 4), and in areas of stronger partial melting they occur as vei
gneisses grading to schollen migmatites (Fig. 5) and matek (Fig. 6 and 7). Locally the veined
gneisses are rich in garnahd feldspaporphyroblasts occur in the mobilizatédfie metaarenitic parts

of the sedimentary gneisses have densities bet@@@hand 2803 kg/MThe magnetic susceptibility is
geneally low, between 5 and 200L0° Sl-units in the metarenites and betweénand 63x10° SI-

units in the metargillites, where the highest values are found in grapaitd pyrrhotitebearing har
zons.Spectrometer measurements show potassium cometmiseen 1.9 and 3.6 %, uranium between 1.8
and 8.9 ppm and thorium between 11.0 and 54.0 ppm. The gammarmgdexX.51 1.8.

Figure 3. Thin veining and pegmatite dyke in mica gneiss, Korsnas, Finland. Lengthschtbdar
is 16 cm. (Photo: Pekka Sipila)
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Figure 4. Sedimentary gneiss with thin veining, Bjannon, Sweden. (Phsetar Sigurdsson).

Figure 5. Veined gneiss to schollen migmatite, K@weden. (Photo: Leif Bjork).
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Figure 6. Strongly migmatized metasedimentary rock/mabilizate with restite ofareside and
micaschlieren and cut by a narrow pegmatite dyke, Kronéren, Sweden. (Photo: Leif Bjork).

Figure 7. Concentric skarn restites in schollen migmatite to mobilizate, north abloyr Sweden.
Length of the hammer is 60 cm. (Photo: Oskar Sigurdsson).
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Also in Finland varying metamorphic conditions caused recrystatiisand formation of veined

gneisses, ductile deformation (Fig 8), partial melting and, in an ultimate case formation of crysialline p
tonic rocks. Schollen migmatites and mobilization are common in Finland. Gragudt@yrrhotitebear-

ing schists as wehsmafic metavolcanicocks occur as intercalated layers within the mica and veined
gneisses. Graphi@and pyrrhotitebearing rocks are eroded deeper than the surrounding gneisses and,
hence, are rarely seen in outcrops, but on geophysical maps they taned as long and narrow ar@em
lies displaying the general structures of the gneiss complex. In the more migmatized rocks restites of
metaarenite, mafic metavolcanic rock and skarn reveal the sedimentary origirsili@ate conogtions,
round nodule, generated at the time of condation of the sediments, are common.

Mineralogically these metasedimentary rocks of the area are mainly composed of quartz, plagioclase
biotite. Alkali feldspar, muscovite, chlorite and opaques occur to a lessat. éxsgenet, cordigte and
sillimanite porphyrobésts are present in varying amounts. Accessory minerals are apatite, epidote, anc
zircon.

Figure 8. Ductile deformation in veined mica gneiss. Restites of slkeuth pyrrhoite- bearing gneiss.
Storsanden, Finland. Length of the scale bar is 16 cm. (Photo: Antero Lindberg).
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3.1.2 Mafic and intermediate metavolcanic rocks

Volcanic rocks are rare in the Geowaea around Kvarken. On the Finnish side mafic metavolcanics
have ber found south of Ronnskar (Fig. 9), from drill holes in Korsnas and Raippaluoto, in the westerr
side of the island of Molpe and in the eastern part of Halsé (Nykanen 1960a). These basaltie-and and
sitic volcanogenic rocks occur as narrow tonghaped irgrcalated beds within the mica and veined
gneisses. These greenish, hornbleael cummingtonitdearing schists have a striped and foliaged a
pearance due to metamorphism, but in some places pyroclastic and pillow lava structures argstill recc
nizable Breilin et. al 2005).

In Sweden mafic metavolcanic rocks have their largest occurrence on the peninsula of Jarnas but occ
also as thinner intercalations and fragments in the metasedimentary rogksmpnantly in the areaeh
tween Umed and Nordmalingihese mafic metavolcanic rocks are grey to dark grey, mosthgfmiaed

and tectonically foliated and banded (Fig. 10). Hornblende and plagioclase constitute between 60 and
% of the rock and biotite and quartz between almost 40 and 20%. Accessargisrane muscovite, IZi

con and alkali feldspar. The magnetic susceptibility is commonlyZ#D x 10° Sl-units but measured
values range from 401000 x1@ Sl-units. The potassium content is about 1.7%, uranium 2.0 ppm and
thorium about 5.5 ppm accordgj to spectrometer measurements. The gamma indgg,87.

Figure 9. Mafic metavolcanic rock at Ronnskéar, Finland. Length of the label is11 cm.
(Photo: Petri Virransalo).
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Figure 10. Banded mafic metavolcanic rock/amphibolite, Badakiden, Sweden.

(Photo: Oskar Sigurdsson).

3.2 Paleoproterozoic plutonic rocks

3.2.1  Synkinematic plutonic rocks

Granites, granodiorites, tonalites.

On the Finnish side of the Kvarken area are also hetremys, coarsgrained rocks, which can bé d

vided into porphyritic and evegrained types These rocks are known as Vaasa granite, but have also be
called as diatexites (Lehtonen et al. 2005, Breilin et al. 2004, Makitie 2000). On the Swedish side thes
heterogeneous rocks correspond approximately to so called mobilizates. According to Makitie (2000) |
types of diatexites can be found in Ostrobothnia, i.e. biotite and pyroxene diatexites. In the Finnish
Geonatarea no pyroxene has been found in theskstdrhe rocks called the Vaasa granite are generated
from partial melting and recrystallization of the Evijarvi metasedimentary rocks (Mékitie 2000; Sipila et
al. 2008; Suikkanen et al. 2014 ). The mineralogical and chemical composition of the Vaadsagrani
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geneally granodioritic, but there are also granitic and tonalitic variations These rocks are mosehomog
nous and plutonic in appearance at Alaharmé and Lapua to the east of the Geonat area, butxthere are
tensive homogenous parts also within th@tze area. Between the texturally plutonic units the rock can

Figure 11. Coarsegrained porphyritic granodiorite, soalled Vaasa granite, Ostra Norrskar,
Finland. (Photo Pekka Sipila).

be very heterogewas even in the scale of outcrops (Sipila et al. 2008). In the Geonat bedro¢kpnap
pendix 1)the homogenous units are shown as granodiorite and the heterogeneous parts as granodiori
with mica gneiss symbal3he porphyritic type is quite extensive, hageneous, nofoliated and -

tremely sound rock with a typical plutonic appearance. It contains large, several centimetersl{iong fel
spar megacrysts (Fid1). In places intrusive contacts between porphyritic rogkmica gneiss are seen
(Fig. 12. The egigranular ty is more heterogeneous (Fig).18 some areas relics of partly melted

mica gneisses, fgments of psammitic, calsilicate beds and calcareous concretions indicate the source
rock. Garnet and biotite are common, and occasionally silliemanid cordierite as well as small dark
garnetbiotite restite 'drops' are present. The heterogeneous, equigranular rock grades commomy to a
phyritic type. In the heterogenous rock type partly crystalline crystal mush has surrounded conformly t
roundsh gneiss inclusions. The sulphidearing mica gneiss layers have best been preserved from the
partial meting. Makitie (2000) has established &P monazite age of 1872 Ma for the porphyritic
granodiorite. According to Suikkanen et.al. (2014) thePd age from four magmatic zircon crystals sep-
arated from Vaasa granite is 1.8811.89 Ma.
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Figure 12. Intrusive contact between coargeained porphyritic granodiorite andreined mica
gneiss,Raippaluoto, Finland. Vertical part of the granodiorite iswtb0 cm in thickness.
(Photo:PekkaSipila).

Figure 13. Mica gneiss inclusions in heterogenous, even grained granodiorite,
Klubbskatan, FinlandLength of the scale bar is 16 cm. (Photo: Pekka Sipild).
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On the Swedish part of the Geonat agakinematic granite to granodiorite is the most frequent plutonic
rock. Around Nordmalingsfjarden it is mostly greyish, fitemediumgrained, and porphyrd (Fig.

14). To the east and south of Umed, some granitic to granodioritic rocks aretmageg and xenoliths

of sedimentary gneiss and mafic to ultramafic rocks occur. Other occusrrassher homogeneous

(Fig. 15 and grade partly into tonalitic varieties. Some quarries for dimensional stone (now abandonec
and aggregate production, havebestablished in these granodiorites to tonalites. Quartz, plagioclase
and alkali feldspar dominate the rocks, biotite, muscovite, amphibole and pyroxene are subordinate
phases, and sphene, calcite, opaques, epidote, zircon and apatite commonly oc@uramounts.

In areas where the surrounding metasedimentary rocks show sign of strong metamorphic alteration, t
synkinematic granitoids locally are recrystallized. The atlggaring to porphyritic granite to granosdi

rite generally has low magnetic sapébility, 18 i 50 x 10° Sl-units, and its magnetic remanence is also
low. The density varies between 2639 and 2820 kgApetrometer measuremerghow a content of
potassium of 1.7 to 3.6%, uranium 0.8.2 ppm and thorium 71332.7 ppm. The

gammaindex, my is 0.871 1.37. Corresponding values for the homogeneous granite to granodiorite are
potassium 1.9 3.6%, uranium 1.8 4.9 ppm, and thorium 7119.7 ppm, and for more tonalitic varieties
potassium 1.3 3.0%, uranium 1.8 4.9 ppm, thorium &.7 11.5 ppm. The gamma indexgis 0.38i

0.69 for the granite to granodiorite and 0i32.75 for the granodiorite to tonalite.

Figure 14. Mediumgrained augerbearing to porphyritic synkinematic granite to granodiorite,
Lill -Simpan Sweden. (Photo: Leif Bjork).
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Figurl5. Fine-to mediumgrained synkinematic granodiorite with a quafetdspar xenolith,
Norrbyskar, Sweden. (Photo: Leif Bjork).

3.2.2 Ultramafites, gabbros, diorites, quartz monzodiorites.

During ore exploration dmond drilling in Korsnas in Finland has relieved tens of meters of think, co
formable horizons of ultramafics in the mica gneisses (Nykanen 1960 a, b). The ultramafics are mediu
grained hornblendites, pyroxenites and serpentinites. A nickel depositatadunite has been found in
Oravainen in Finland, situated just off the coast line (Isohanni 1985). Ultramafic rocks are found as bo
dinaged fragments in mica and veined gneisses, as well as in the Vaasa granite. These fragments are
sidered to origina& from an ultramafic magma intruding the sedimentary rocks before the efain d
mation phase in that area. The Tistronskar gabbro, south of Raippaluoto, is exposed only at a few smz
islands (Lehtonen et al. 2005). On the geological map this gabbrinisaded from the magnetic ame

aly pattern on the geophysical map. The anomaly is approx. 1 x 13 kilometers in size. Geochemically,
Tistronskar gabbro is a quantzonzogabbro and has a slightly alkaline chemical characteristic. The exac
age of the gatro is unknown, however, it is considered to be older than the main deformation phase, a
in places near the Tistronskar gabbro inclusions are found in the granodiorite indicating the Tistronské
gabbro being older than the granodiorite. Some of thedimeig are roundish velheas some are angular
(Fig. 16. A few gabbroic outcrops have also been found near the village of Molpe in Korsnas, Finland.
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Figurel6. Gabbroenclave in mobilized and ductically deformed host rock, in which only reliotecaf
gneiss are left, Storsanden, Finlahength of the scale bar is15 cm. (Photo: Antero Lindberg).

In Sweden a number of minor mafic bodies ranging in compositiondtwamafite to diorite (Fig. 1)7

occur among the matedimentary rocks and syinkmatic granitoids. Most of them are small, only the
grey to dark grey, mediwgrained, mssive to weakly foliated quartz monzodiost® diorites (Fig. 18
associated with the synkinematic granitoids east of Umea reach an extension which may be¢e@@tesen
the actual map scale. The mafic rocks have high densities, between 2919 and 384h&agragnetic
susceptibility is 35 5500 x1@ Sl-units and the remanent magnetization, the Kénigsberg ratio, i§ 0.50
1.75. The natural gamma radiation is ldte potassium content is 0.3%, uranium 0.2 ppm amd th

rium1.0 ppm. The gamma indexgis 0.06.
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Figure 17. Diorite or amphibolite of uncertain origin, Ansmark, &l&n. (Photo: Leif Bjork).

Figure 18. Mediumgrained quartz monzodiorite, 8tingsberget, Seden. (Photo: Leif Kero).
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3.2.3 Late and postkinematic rocks

Granites, pegmatites, aplites

Some latkinematic granites are situated on the Finnish side, north of Kvarken. In the area of Punakari
islands, northeast of Raippaluoto, there isch porphyritic, coarsgrained granite with emagmatic flow
structure (Fig. 1P The zircon UPb age of the granite is 1866 +7 Ma (Huhma pers.comm). This granite
has been quarried for dimension stone use in the 19th century and has been used in magg ibuthe
Vaasa aredCoarsegrained, reddish or white pegmatites as well as-iightred, finegrained aplite gna

ites are common in the areas occupied by mica gneisses, veined gneisses and synkinematic plutonic
Pegmatites usually form conformabbodies, but occasionally they crosscut the gneisses. Aplites often
occur as narrow dikes.

Figure 19. Magmatic flow structure in coarse grained, porphyritic granite, Punakarit, Finland.
(Photo: Pekka Sipild).
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In Sweden latekinematic graniteaacs among the metasedimentary rocks, especially in the area east of
Nordmaling. It is mostly red to reddish light grey and fgrained (Fig.20) with transitions into coarser
grained pegmatitic granite. The mix of fugeained granite and pegmatite isitgd for Harndgranite. It

has fragments of sedimentary gneisses and mafic rocks, and dykes of pegmatite and aplite are freque
These dykes are also common in the metasedimentary rocks and the synkinematic granitoids. They a
not shown on the present200 000 scale Geonat bedrock map but on the 1: 50 000 scale bedrock map
(Nilsson & Kero 1989, Bjork & Kero 1992). Harnogranite is mainly composed of quartz (ca. 30%), alka
feldspar (ca. 40%), plagioclase (ca. 15%) and biotite and muscovite (a litéeimaor10%). Both ngg

netic susceptibility and density of the gita are low, O 10 x10° Sl-units and 259% 2652 kg/ni. The
potassium content is between 4.5 and 6.4%, uraniui 3.2 ppm and thorium 201178.1 ppm. The
gamma index, gis 1.017 2.65.

Figure 20. Fine-grained, latekinematic granite, Harné granite, Stromsoér, Sweden.
Length of the GP§adgetis14.5 cm. (Photo: Leif Bjork).

Feldspar porphyry dykes

At the Vaskiluoto beach and on the islands outside Vaasayrédheldspar pghyry dykes intrude the

mica gneiss. The dykes range from a few centimeters to five meters in thickness. Feldspar phenocrys
occur even in the thinnest of the dykes. There appear to be no prevalent direction of the dykes, which
crosscut the mica gneissdathe porphyritic granodiorite, at the same time brecciating it (Fig. 2d)oR
metric dating on zircon gives the dyke an age of ca. 1.8 Ga (Lehtonen et.al., 2005).

-
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Figure 21. Inclusions of porphyritic granodiorite/aasa granite)n the feldspar prphyre dyke at bD-
marskaret island aside Vaasa, Finland. Length of the drawing pen is 12 cm. (Photo: Pekka Sipila).

Carbonatites

The host rock for the Pimineralisation in Korsnas in Finland, mined between 1B%22, is carbonate
rock, which on the basof its trace elements is considered to be magmatic (Papunen 1986)rdre ca
atite is heterogeneous and fragmented by pegmatites. It has been interpreted to representadygke e
in a fracture zone. The most common skarn mineral is diopside andkmdrgf mineral acations oc-
cur. During drilling montmorillonitéfilled cavities with crystalline mineral aggregates were found. The
most typical well developed crystals filling the cavities are calcite, but also apophyititegtbene, bar-
ite, celestineand pyrite were present. The apatite of the ore had exceptionally higicdRiEENntrations.

A titanium age of cal825 Ma from the ore is considered to represent the age of the ore deposit

4 MESOPROTEROZOIC ROCK S

4.1 Subjotnian diabases

On the Geonaarea no Sulgtnian diabase dykes have been found in outcrops. In Raippaluoto, in Finlan
eastwest situated magnetic anomalies, which are narrow, parallel and rectilinear, may indicats-the pre
ence of a Subjotnian dyke swarm.
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