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Abstract

The geological and geochemical features of three greenstone
belts of Eastern Finland (Suomussalmi, Kuhmo and Tipasjarvi) have
been studied. We have analysed about 70 metavolcanic rocks from
the low greenstone sequence for their major and trace element
compositions. The field relationships between various voleanic
rocks are rather obscure; but the chemical data allow us to
distinguish two general magmatic series, .aamely, the komatiitic
and the tholeiitic series. We have concluded from this preliminary
geochemical study that most voleanic rocks in each may have been
derived from fractional crystallization of some parental magma.
The REE data, mainly presented for the rocks from the Tipasjarvi
belt, provide a strong evidence for a "depleted" mantle source,

a feature very similar to that of Abitibi, Canada. The REE data
also suggest that not all rocks are formed by fractional
crystallization; a mechanism of different degree of partial
mélting is called to account for some rock types.

Although the Baltie Shield is one of the first regions in

which the Archaean rocks were described (Sederholm, 1897, 1932),

it is only recently that the existence of greenstone belts has
been clearly demonstrated (Blais et al., 1976, 1877 and in print
a and b ; Bowes, 1976 3 Gaal et al., 1976 and in print; Lobach-
Zhuckenko et al., 1976 3 Mutanen, 1976; Suslova, 1876).

In this contribution, the principal characteristics of the
belts, which we have studied in Finland, are briefly described

and we expose the present state of our petrological and geochemical
research in this context.
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GEOLOGICAL SETTING

The Archaean rocks crop out widely in northern and central

Tinland (Simonen, 1971). In this latter pegion, the Archaean crust
in

neissic basement, largely migmatised, :
tone belts. The gneissic

and supacrustal
comprises a g

formations which constitute the greens

+ and the cover of metasediments and
istory during the time range

greenstones have
basemen

undergone a commnon tectonometamorphic h

2.6 to 2.7 b.,y. (Kuvo and Tilton, 1966 3
. ch we presently have the most

Blais et al., in press al.

The greenstone belts for whi

i i ] 1 ated
information are those of Suomussalmi, Kuhmo and Tipasjarvi, loc

in eastern Finland. The suomussalmi and Kuhmo belts lie along the
gsame approximately north-south line, extending 1engthw1se‘over
ider than 20 km, They were mapped by Wilkman

d ver W
i and Hypponen (18733 1976)

(1924), Matisto (1958), Vartiainen (1970)
(Fig., 1).
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Formations; 2= Greenstone belts;
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The principal chapacteristics of these belts are as fol

1. Lithostratigraphy

The most complete stratigraphic column which we have found
to date corresponds to the section in the northern part of the
Suomussalmi belt., Its thickness is estimated at between 3000 m
and 5000 m., We have distinguished three lithostratigraphic units,
passing from bottom to top :

(a) An early magmatic ecycle, composed initially of ultrabasic
lava flows and small-scale intrusions, massive basaltic lava flows
and pillow lavas flows, volcaniec breccias and basic sheets.

(b) An essentially metasedimentary formation represented by
pelitic mica schists, graphitic schists and greywackes, sometimes
associated with quartzites, conglomerates, and volcanic rocks
(mostly acidic tuffs and some minor basic lavas). The clasts of
the metasediments are of mixed origin; some are derived from the
greenstone belt volecanics while others show an adjacent basement
provenance.

(e) A second voleanic cycle, composed of feldspathic tuffaceous
rocks of intermediate composition, associated with subordinate
lavas.,

The members of this succession have a tectenic contact with
the gneissic basement., This latter is principally composed of fine-
to médiumézrained grey gneisses, augen orthogneisses and migmatites,
mainly heterogeneous diatexites.

2, Volcanism

The volcanism is, to a first approximation, at least bimodal
in nature.

(a) The Lower volcanic sequence comprises

i) Peridotitic komatiites (Mg0 > 30%) which are olivine-rich
cumulates; picritic komatiites (30%> MgO> 20%) in which quench and
spinifex texltures are sometimes preserved; picritic basalts or
gabbros (20% < Mg0 <12%) and basaltic komatiites (Mg0 <« 12%).

ii) Tholeiitic basalt sensu-stricto, depleted in potassium,
sometim€s accompanied by clino-pyroxene-bearing cumulates.

(b) The Upper volcanic sequence comprises calec-alkaline felsitic
rocks, all highly sodic and of andesite to rhyolite composition.

The two sequences, tholeiitic sensu—lato'and calc-alkaline,
are well distinguished in the classical diagrams of Figs. 2 and
3. Their respective emplacements are clearly separated in time

by the deposition of sediments,
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Fig. 2. Location of the two volcanic sequences in a ternary AFM
diagram; filled cipeles = tholeiitic (s.1l.) sequence; open cireles
calc-alkaline sequence.

3. Structural evolution
The gneissic basement and greenstone belts of eastern Finland

underwent a commol structural evolution, the sequence of which in
chronological order is as follows:

Phase 1 : Development of isoelinal folds deforming the volcano-
sedimentary bedding of the belts and the fipst metamorphic banding
of the basement.

Phase 2 : This is the most evident deformation in both the belts
and the basement and is responsible for the general geographical

distpribution of the belts. Folds with subvertical axial planes and

steeply plunging axes, often carry an axial planar foliation and a

well-developed mineral lineation. Minor shear-zones frequently

develop in the 1imbs of asymmebtrical folds.

Phase 3 : This is a complex event, non-penetrative on the regional

scale., It principally comprises early eastward thrusts, well seen
displacement components are generally sinistral. The phase 3
structures affect the Proterozoic Karelian schists and therefore
are post-Archaean.

Phases 1 and 2 correspond to the end of Archaean history of

the gneissic basement and greenstone belts. The tectonometamorp

in the gneissic basement, followed by major faults whose horizontal
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4, Metamorphism
All t
the members of the belts are affected by a regional
meta i o i i
morphism of weak to intermediate intensity. The most
o . most frequent
(a) : iotit i
Quartz + biotite + muscovite + albite or oligoclase + i
+ garnet in the metapelites. B
(b) it i
; Chlorite + epidote + sctinolite + plagioclase + biotite +
ce
(ornblende + garnet + diopside in the metabasites_ -
c) Antigorite + tre i :
+ molite + chlorite + t in 1
e + + tale + carbonates in the

The .
rocks of the belts are all metamorphosed to at least

bio‘Li“Le 1 to lo v upper
grade. Accord ng cation, ‘Lhe ccrr‘ebpond to the

green ist il
- schist facies or lower garnet amphibolite facies. This
metamorphi i 5 i - ‘
" phism is apparently of intermediate pressure. The analysis
-3 v N 3 ) B
ormation/blastesis relations shows that the metamorphis
m

commences wit 5
with phase 1 and reaches a maximum during phase 2

5, Im & - i i
portant acid and intermediate magmatic emplacement is
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pelated to orogenic evolution of the greenstone belts. It con
% -phase 2.
(a) early granodiorites, emplaced post-phase 1 and pre ?na%
; i . cies e
These are principally phenocrystic granodiorites, with biotilte
e

i nd
biotite and amphibole, relatively enriched 1nICaO and Na,0 &

oor in K,0 B . )
fb) latezevents, post-phase 2 and pre-phase 3, amongst which ca
be distinguished -
1) medium-grained, biotite and amphibole granodiorites and
03
tonalites, rich in ca0 and Mg0O and poor in 5102 and K2
ii) fine- or medium-grained, biotite muscovite leucogranites
l -_—

i 0, and poor in
and leucogranodicrites of a pink colour, rich in 81 2 D

Ccad and relatively poor in X, 0. .

iii) large bodies of blotlte muscovite pegma?ltes. H

The different pluionlc bodies appear either 1n t?e sreénbtone
belt or at the greenstone belt/basement boundary or within iieionlc
basement, close to this last. It is of note that all these plu
rocks are allochtonous and are poor in potassium.
6, Conclusions

The geological characteristics of
Eastern Finland show that they correspo
of Archaean belts. From a geodynamlc poin

tages in their evolution can Dbe distinguished :

the greenstone belts of
nd to the classical model

t of view two fundamental

) an early stage of opening of proto—oceanic rifts, durlng
i

- nic
hich the xomatiitic and tholeiitie rocks of the Lower volca
o +g were deposited.

d and the sedimen -
sequence wWere erupte i

ii) a later stage of closing, during which the ca
lowed by the orogeny.

rocks were erupted, fol : -

Before deformailon, the belts studied here may therefore have

i ] - to continental
corresponded to ensimatic igland-arcs, adjacent to ¢
areas.

ERIES OF EASTERN FINLAND
ATTITITIC AND THOLEIITIC SE R
e on the komatiitic and

The following secilon presents data e
5 1=

{holellilc componenis of the Lower voleanic seguence Ol e

Finland greenstone belts

1. Qccurrvence

. . oal
The following lithologica : e
(a) Slices of schistose ultrabasites, highly serpentinize
a

uwnits have been distinguished

("soapstones").

(b) Massive ultrabasites, some with magmatic layering.

(c) Massive, generally gabbroic, sometimes ultrabasic rocks with

relict igneous (gabbroic), intersertal or quench (spinifex)

textures, most commonly as sills, more rarely as originally

discordant veins or as lava flows with
surfaces,.

occasionally scoriaceous

(d) TFine-grained amphibolites without relict textures,
corresponding to lava flows or tuff horizons,
(e) Metabasalts sensu-lato in which the most characteristic
texture is defined by radiating tufts of fine amphibole fibres,
with local relicts of vacuole structures. These represent pillow
lavas whose original form is often well preserved.

The isclation of outcrops and absence of normal contacts
renders the interpretation of the relationships between these
various rock types difficult.

2. Petrology and geochemistry

As indicated above, the basic and ultrabasic rocks of the
Lower volecanic sequence have been metamorphosed in the upper

greenschist facies to lower garnet-amphibolite facies., Elsewhere,

certain ultrabasic rocks have undergone metasomatic modification,

some "soapstones" containing up teo 20% volatiles. o

Under these conditions, most of the primary minerals and
glasses are no longer directly visible and this study of the
magmatic evolution is rendered that much more difficult. Indeed, we
are restricted to the study of a few relict minerals and the
géoéhemistry of immobile major and trace elements of the rocks.
(a) Relict minerals : only relict minerals in rocks of cumulate
texture have been observed.

The ultrabasic cumulates of the komatiitic series frequently
contain residual, partially serpentinized,
clinopyroxenes and chromite., These minerals are at present the
objec% of study.

The picritic cumulates of the tholeiitic series frequently
contain clinopyroxene, the microprobe analysis of which identifies
them as salite., In certain olivine-bearing cumulates of the same

serleu, microprobe analysis shows a relative enrichment in iron
(Fo

4
(b) Mineral assemblages : according to their composition and

deg?ee of meiamorphlsm, the various rock types have the following

assemblages:

i) Soapstones : antigorite + tale + carbonates (breunnerite,

stichtite) + magnetite with, in minor amounts, Mg - chlorite,

olivines and occasionally,
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penninite, tremolite and graphite.

i1) Massive metaperidotites
able proportions + antigorite + tremolite +

residual olivine and

clinopyroxene in vari
sulphides, and, in minor amounts, Mg - chlorite, perminite, magnesite

and *+ chromite * opaques + chrysotile in cross—-cutting veinlets.
These rocks often contain olivine cumulate texture and have

the normative compositions of harzburgites or lherzolites of

dunite affinity.
iii) Metapicrites tremolite + Mg-chlorite * tale i opaques +
The observed spinifex textures in these rocks

carbonates ipmﬂﬁnﬁm.
f olivine by fibrous Mg-chlorite; the

demonstrate the replacement o

spaces between the network formed by the Mg-chlorite is filled by

chlorites and carbonates.
+he most common assemblages
+

acicular tremolite,

iv) Metagabbros and metadolerites:

ape : a) actinolite + albite or oligoclase + epidote t chlorite

biotite * gquartz.

b) green hornblende + oligoclase or andesine * chlorite *

epidote * biotite *actinolite + garnet. In some samples, actinolite
er. Exceptionally,

and hornblende have heen observed togeth
ne or scapolites occur.

hic associations with clinopyroxe

n metagabbros contain residual cli

metamorp
Certail nopyroxene in

amphibole cores. Their chemical composition shows that, in these

instances, the rocks are probably former +holeiitic clinopyroxene
cumulafes.

v) Pine-grained amphibolites :
ut without rpelict textures.
+ions are highly variable

these present the same

assemblages as the metagabbros b
Turthermore, their plagioclase propor

from one rock to the next; compositionally,
olivine tholeiites (the most abundant) and

they correspond to

pleritic basalts,
mildly saturated tholeiites.

vi) The pillow lavas @ these generally comp
lack any plagioclase and have a

rise fine-grained

tpemolite, epidote and chlorite,
picritic basalt composition.

(c¢) Major element geochemistry
seventy samples, representative of the

the major element composition

has been measured for

observed rock types. The average compositions are given in T
i) Classification adopted : the content of Mg0, being the

% < MgO < 46%), has been chosen as

The peridotites and "goapstones"

able 1.

most variable of the oxides (4

the basis for initial subdivision.
have MgQ contents falling between 33% and 46%. The massive

peridotites divide into two groups whose Mg0 contents vary about
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TABLE 1

Tipasjarvi greenstone belts

soapstones;

peridotites (cumulate) with Mg0 = 30-LO%E; c:

b

2

a

peridotites (cumulate) with Mg0 > LOZ
d: picritic komatiite with spinifex texture (8833); e: picritic komatiites (MgO

20-30%); £: pieritic
tholeiites with clinopyroxene

X i
s J: tholeiites. Total iron oxides as FeO.

12-20%); g: basaltic komatiites (Mg0 < 12%); h

cunmlates; i: tholeiites with possible olivine -cumulates

basaltic komatiites (Mg0 =
Analyst:

F. Vidal, Centre Armoricain d'Etude Structurale des Socles, Univ. de Rennes
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44% and 34%, corresponding to two lypes of cumulates of different
olivine proportions. The Mg0 content of the picrites falls between
21% and 28%, with an average close to 26%. We have grouped the
basalts and picritic gabbros whose MgO content is between 12% and
16%. Some of these rocks are c¢linopyroxene cumulates, others are
gabbros probably enriched in olivine. Finally, we have considered
a very extensive group of rocks, whose MgO content lies between

4% and 12%, to be basalts.

ii) Magmatic series : +he basaltic rocks have compositions of
oceanic affinities. These are ocean-floor basalts and low-K
tholeiites; however, it is not possible at present to discriminate
between those rocks of ridge and those of island-arc types. As is
often the case in the Archaean belts (Arndt et al., 1977) and

recent oceanic environments (Clarke, 1970 ; Dietrich et al,; T9T#),

the rocks studied coprrespond to two sepies of distinct composition
and evolution chapacterized in particular by different TiO,
concentration., Thus, the components of the Lower volcanic sequence
of the belts in Karelia can be subdivided into a komatiitic series
and a tholeiitic series.

The komafiitic series includes a fairly continuous series of
rocks passing from peridotites to basalts, characterized by high
CéO/A1203 ratio at constant MgO and low alkalis and titanium
contents.

~ The tholeiitic series is, albeit, exclusively composed of
basalts with associated rare clinopyroxene and perhaps olivine
cumulates. Compared with the previous series, the tholeiitic
series, though pelatively poor in potassium, is richer in alkalis,
relatively depleted in Ca0 and Mg0 and is especially characterized
by a grea{ iron and fitanium abundance.

Fig. 4 shows the discrimination between these two series on a
TiO2 versus A1203 diagram. Except for minor details, these series
are very similar to those of South Africa (Viljoen and Viljoen,
1959'a;b), Ontario (Arndt et al., 1977) and Western Australia
(Naldrett and Turner, 1977) which are well known.

iii) Trend of crystallization : the representative points of
the rock compositions of the two series plotted on oxide versus
oxide diagrams show tpends attributable to magma fractionation.
Taking account of these trends and of the measured or estimated
composition of the residual minerals, we can make the following

observations.
Tholeiitic series (Fig. 5) : the principal diagrams in terms

Ah03z

Fig. 4. Ti i i i
g T:LO2 Vs A1203 diagram showing the opposition between

‘holeiites ( ) matiites filled circles = oleilites
[R=N} s 5
e 5.8 and k-LO thol

M : 3 :
of MgO and SlO2 show that, except for the cumulates, rocks of the

tholeiitic series present a unique linear differentiat?bn trend
This trend is characterized by the regular decrease of Al,0;, FeO
MgO and C 5 i 5 i i ,
g0 a .aO énd the increase of S:LO2 and Na,0 during the
crystallization.
If we consider that the rocks richest in MgO and poorest in
§i0, are close to the primary liquid composition, this magmatic

evolution is therefore mainly controlled by plagioclaée and

clinopyroxene fractionation. However, the primary liquid being
relatively depleted in SiO

. 9 compared to the plagioclase-
clinopyroxene mixtures, some small gquantities of olivine and
opaque minerals must also have played a role, at least in the
e?rly stages of the differentiation. The role of an opaque mineral
rlc? in iron is confirmed by the fact that all of the tﬂoleiitic
se?les rocks are richer in total iron than mixtures plagioclase +
clinopyroxene + olivine.

, The observed cumulates belong to two types. Some are cumulates
with evident clinopyroxene, their chemical compesition confirming
the textural and mineralogical observations; others are probably
early cumulates, lightly enriched in olivine and clinopyroxene, as

deduced from their chemical composition, but without

i microscopic
evidence, ’




i i i in the tholeiitie
rig. 5, Different oxides vs Mg0 and 8102 diagrams 1n e

series. Filled circles = tholeiites without cumulate textures;
open circles = cumulates.

Komatiitic series (Fig., 6) : the crystallization trend of tﬁe
Here, the diagrams include

iitic seri i omplex.
komatiitic series 18 much more C : . . = i
all the rocks of guomussalmi, Kuhmo and Tipasjarvi belts wherea
* i t di ces.
the trends specifie to ecach belt may present gome glight differen .
For the moment, our observations only constitute a first
approximation. | ‘ J
The diagrams, oxide versus Mg0, show contlnuous and regula
i da
i i i 0 for Mgd values between u5 an
enrichment 1n 8102, A1203 and Ca g : L e
15%, This enrichment suggests that t+he fractionation ©
0w

Fig. 6, Different oxides vs MgO in the komatiitic series,
Cumulates are not distinguished in these diagrams.

of the suite was essentially controlled by olivine, starting from
a primary liquid situated at about 26-27% MgQ, a composition that
corresponds to the micro-spinifex rocks. The FeQ content being
quite stable during the early crystallization, described above, it
is possible that a small quantity of opaque iron ores crystallized
at the same time as the olivine,

Between 15% and 10% of Mg0O, the contents of SiOQ, Al,0 Fel

2732
and NaZO are generally constant, while the CaO content increases

somewhat, corresponding to a concomitant fractionation of olivine
and clinopyroxene.

From about 11% MgO the general trend splits, principally into
three micro-trends, mainly corresponding to liguids depleted in
clinopyroxene and plagioclase and to liquids lightly enriched in
clinopyroxene or clinopyroxene and plagioclase.

050 035625 1




——

—

T e e

As may be seen, the major element geochemistry in the
komatiitic series of eastern Finland is compatible with simple
mechanisms of fractional crystallization., The trends agree with the
experimental data of Arndt (1976) .

(d) GCeochemistry of some tpransition elements : only f?agmentary
data for trace elements is available (Ni, Co, V, Cr, %r, Y), the
only systematic study being that of the Tipasjarvi belt.

qu

| . .
Tig, 7. Transition-elements (Ni, Co, V, Cr) vs Mg0O diagrams 1n

the volcanites of Tipasjarvi greenstone belt, Filled circles =
tholeiites; open circles = komatiites.

Tn Fig. 7, the Ni, Co, V and Cr values have been plotted vs
the Mg0 content, this latter being considered as an index of degree
of differentiation. Concerning the komatiitic rocks, Ni, Co and Cp
show a good positive correlation with Mg0, and this seems to |
indicate that they are mainly concentrated (especially Ni and Cx)
during the first stages of crystallization (incorporation in

olivine and perhaps, also, in opaque phases, oxides or sulphides)s

. BT
On the other hand, V shows a strong negative correlationj; it seem

to be concentrated in the residual liquid with advancing fraction
crystallization. From this point of view V appears to be a more

incompatible element than Ni, Co or Cr.

101

Correlations are less clear cut for the rocks belonging to
the tholeiitic series, and this can be explained by the concomitant
crystallization of several phases (clinopyroxene, plagioclase,
olivine and copaques). '

Tippm

Zrppm Yppm

150 30 a0

Fig., 8. Ti vs Zr and Ti vs Y diagrams in the volcanites of
Tipasjarvi greenstone belt. Same symbols as in Fig. 7. =

Pig; 8 demonstrates the good correlation, for the komatiitic
rocks, both between Ti vs Zr and Ti vs Y ; this is a general
feature of Archaean komatiites (Nesbitt and Sun, 1976). Another
common characteristic of the Archaean rocks is the scattering of
the plots of tholeiitie rocks in such diagrams and this is well
observed for Tipasjarvi. Nesbitt and Sun (op. cit.) explained this
gscattering by the influence, in the tholeiitic rocks, of both the
clinopyroxene and the opaque mineralsj it is likely that the same
interpretation applies equally to the case studied here, Lacking
accurate data on the content of trace elements of minerals involved
in the evolution of komatiitic and tholeiitic series, it is, for
the momén{, impossible to identify more accurately the mechanisms
of behaviour of trace elements during fractional crystallization of
the two series. However, in respect of their amount and trends of
evolution, trace elements in the Tipasjarvi greenstone belt show
features very similar to those described in volecanic rocks of other
Archaean greenstone belts (for example, see Nesbitt and Sun, op.
cit.; Arndt et al,, 1977; Naldrett and Turner, 1977).

(e) Rare-earth .element chdracteristics : the REE abundances in 35
basaltic rocks from the three belts (Tipasjarvi, Kuhmo and
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Suomussalmi) were determined by the isotopilc dilution method a

’ s . 5 x
Universite de Rennes. Because the rocks from the Tipasjarvi bel

possess most of the features characterizing the evolutlonary

processes and the source natures, only the results obtained for

i o 2 E
this belt are discussed. A more detailed account for the RE
11 three belts will be peported elsewhere (Jahn
Tn the following, the REE concentrations have

t+he chondritic values determined by Masuda

geochemistry on a
et al., in prep.).
been normalized against /
¢ 41, (1973), but further divided by a factor of 1.2 and the

; e . .
pesults are plotted in the conventional REE variation diagram

(Fig. 9). . . . o _
Tn the komatiitic sepies of the Tipasjarvi belt, three types
ized @
of REE patterns are recognize . o
i) REE patterns with strong LREE depletion, (La/Sm)y = 0.
0.68, but essentially flat HREE, (Ga/Yb)y ~1.03 HREE are 4 to 12
ndritic abundances. This type of pattern has been found

i " shi Ontario
for some Archaean volcanic rocks from the Munro Township, C

(Arth et 21.. 1977) and from Noranda, Ontario (Jahn, unpublished).
.s g
ii) REE patterns with slight to moderate LREE depletion but
” i = ,0., These two types may be
with sloping HREE, (Ba/Yb)y = 1.2 to 2

clated to each other with .
. viously undergone a severe LREE depletilon.

a similar mantle source characteristic,

i.e. the source has pre

However fype (i) rocks, with flat HREE, seem to be derived by
3

i i et i in the
artial melting of the source in which no garmnet remained 1
P

residue. In contrast, type (ii) rocks, with sloplng HREE a?d
. LREE depletion, require that they be derived

ree of : _ ]
kil rret in the residug. For type (i)

from a similar source but with ga
rocks, the four patterns may be derive
partial melting. However a crystal fractiona :
roper distribution coefficients for REL 1In

d by various degrees: of
tion model can equally

be applied. Using p

C ivi 1 is
basaltic melt it can be estima'ted that 3090 of olivine remova 3
2

re ul]’:’e(i to pr‘oduce I‘Ock S 8
hs k 5 8”#. In turn 60% of flacllona'i_lon of O] ivine 4a d pypoxe
o ocC. 5

(1:1 patio) is required to produce rocks S 818 and S

i i o l 1ti in increasing
Plagioclase separation, if any, is rather insensitive 1n

t the ro
c T abundances. Moreover, t . -
. : nd S 828 have smaller negative Fu

le of plagioclase 1is prpbablj
s «ionificant because both S 818 a ”
G : 4 s 8u7. For type (ii) rocks, because

i 3 both § 831 an . i
s Sl d 12.5%) but very different

i imi rents (13.5 an
of their similar MgQ conten . T
REE abundances, & model of different degree of partial melting

better explain the results.

from a melt of composition equivalent

828 from S 831,
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Fig. 9. Chondrite normalized rare earth distribution patterns for
komatiitic and tholeiitic rocks from the Tipasjarvi greenstone belts,

(iii? REE patterns of about 4-10 x chondrites wi#h very slight
LREE depletion, (La/Sm)y = 0.75 to 0.90, and essentially flat HREE
(Ga/Yb)N~I.O ; included in this group is the rock S 833 in which
a microspinifex texture is found. Tn a crystal fractionation model,
to produce rock § 824 from S 829, 40% of fractionation of olivine +
elinopyroxene (1l:1 ratio) is required, and from S 833 to S 829, uU0%
of olivine fractionation. As in the case of types (i) and (ii),
type (iil) rocks could also be derived from differentrdegrees of
partial melting from a mantle source with slight LREE depletion;
further, garnet has not remained in the residue.

In the tholeiitiec series, the REE patterns are characterized
by the enriched LREE and sloping HREE (La}N = 26-52 %, (Lu)N =
14-15%, These are comparable to the results of Abitibi tholeiites
(Arth et al., 1977). If the two rocks are related by crystal
fractionation, clinopyroxene probably played the dominant role.
Olivine fractionation is not important because the MgO contents
of the ligquids are low (Mg0O = 4,7 and 5.8%); plagioclase separation
is not possible because it would cause the (La/Lu)N ratio to

decrease from S 860 to S 819, whereas the opposite is observed.

The production of tholeiitic melt ecould be through the partial

meltingrof a mantle source of relatively undepleted nature,

Arth et al, (1977) formulated a unified model in which the
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tholeiitic and the komatiitic series of Munro Township are thou%ht
to be genetically related simply because of their intimate spa?lal
velationship. Almost exactly the same conclusion has be%n obtained
from the present work. The greenstone belt of Tipasjarvi ?as-a long
dimension of about 10 km and all samples were collected within a
distance of about 5 km, Most of the tholeiitic rocks from this and
the Kuhmo belt have (La/Sm)N and (Ga/Yb)N ratios greater than 1.0.
Early extraction of tholeiitie liquids from a mantle source
characterized by a flat chondritic REE pattern would leave the
residue strongly depleted in LREE and (Gd/Yb)y slightly less than
1.0, This residual mantle may serve as the source forlsome -
komatiitic rocks of types (i) and (ii) described ?arller. Subsequent
melting of this residue, involving garnet ?r not in theiéecend .
generation residue, produces the vapiance in the REE patterns o
tYPEinllsaﬁipiii;gt to note that the highly LREEwdéple?ed nature
of the mantle source 1s found for only the second time 1n Archaean
greenstone belts, the fipst case being the Abitibi (Arth et %l.,
1977; Sun and Nesbitt, 1977 3 Jahn, unpublished). Whether this type
of deple{ion ig world-wide remains to be explored. -
Howéver, the significance of this depletion must be emphasized,
If the depletion is world-wide and large scale, this phg?omenon may
havé {o be pelated with the known and tremendous pr?ductlon of
granitic liquid from the mantle sources. The granitic basement
rocks sﬁrrounding fhe greenstone belts are emplaced pene- 3
contemporaneously (Vidal and Blais, 1977). If the belts.and granitie
basement are genetically pelated, the depletion nature 18 then d%e
fo the earlier separation of granitic liquids, rather than from the
extraction of tholeiitic liquids as mentioned before. 4
The depletion nature of the mantle source has ano%hér asp?i

of importance. It clearly indicates that the mantle h?tezigegil y
has existed ever since at least 2.7 b.g% aggé The‘ava%la" e -
a show that the initial Sr /Sp°® patios in the 2.7 D.¥

isotopic dat .
P ) This suggests that the mantle heterogeneity

terrains are variable. >
3 i
was already created at least 3.5 b.y. ago (see Jahn and Nyquist,

1976).

CONCLUSIONS . i
Thé sfudy of Archaean greenstone belts in eastern Iin s
initiated three years ago, is still very fragmentary and the

i : i ment
comparison between +he interpretations based on the major ele

_ Anhaeusser, C,R., 1973,

Arth, J.G., Arndt, N.T. and Naldrett, A.J., 1977.
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geochemistry and the rare earth element geochemistry may occasionally
be contradictory, as in the case of the tholeiitic series,

However, even at this early stage, it is possible to present
certain conclusiens #he Archaean greenstone belts reported as
such in the Baltic Shield in 1976 are the first so identified in

Europa; they are very similar in many respects to the other Archaean

greenstone belts described in Africa, North America, Australia and

India (Windley, 1973; Hunter,

19743 Anhaeusser, 19753 Glikson, 1976
and others). The formation of

the Finnish greenstone belts appears
to be compatible with a model combining the proto-oceanic rift model
of Windley (1973) and the ensimatic island-arc model of Anhaeusser
(1973). However they show features which distinguish them from more
classical greenstone belts : the regional metamorphism is of higher
grade than in the other belts, and the erosion seems to have been
deeper than in other greenstone belts because the lower sequence
cons{itu%es the essential part of the outerops. In consequence, the
Finnish greenstone belts may provide a better chance for the study
of deeper levels of the Archaean greenstone belts,

Another imporfant characteristic is that these belts are the
super—s{ructure of vast orogens, at least on the scale ¢f the
Baltic Shiéld. The fact that fhe'gneissic basement and the belts
themselves all formed within about 100 m. y. of each other is
evidence for the extreme rapidity of geodynamic processes. Finally,
it is clear that in Finland the mantle showed an important
heterqgeneity, at least 2.7 b. y. ago or earlier,
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