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The ~outhern part of the Kawokeino Greenstone Belt i divided into four selcanic lormations
separated by sedimentary units. The tormations tepresent a development from Archagan komatinie
sequences o Miuddle Proterozoic possible nit-lorming environments. The earliest volecanism s
represented by hagaltic komatintic enclaves within the eastern gnerss complex, and may be equivalent
o parts ot the lowermost lormation within the greenstone belt, The latter consists of up o 50 %
hasaltic ta peridotitic komatdites (12 30 % Mg()) and was probably deposited after the formation of
the gneiss complex

The tonalitec-trond hneminic gneisses aie dated 10 3.0 = 002 by and represent primary magmas
resulting trom the crust-dormyng cvents gt than ume, They are similar v age and composition 1o
gneisses in East and North Finland . The late plutonic complexes are ca. 171 moy. old and may be the
Middle Proterogoic counterrarts to Hhe Archacan gneisses. Regional metamorphism within the belt
reached nuddle o ligh anmpinholite facies and occurred co. 1950 moyv. ago on the basis of Rb-Sr
radiometne datimg on metaediments and amplubolites. Gramtie gneisses southwest of the main
greenstone belt are vory uniform geochemically and represent producis of ditterentiaisan. Widespre-
wd and imtensive rvccagnion, shearng wngd carbonatization are later than the main delormabion and
metamorphism. and may e assoctaled with faulting and black movements in conngction with

possible rift tectonics

KT 2iven & K S Nilven, Prospekiering A8, Postboks 83, 1321 SmahekR, N orway

Introduction

The Kautokeino Greenstone Belt constitutes a
J0-30 kmy widde N-§ striking complex situated
hetween two granite-gness werrains m 1he west-
ern part of Finnmack, North Nomwas, The east-
ern gneiss dome separates the Kautokeinoe
Cricenstone Belt from the Karasjok Grieenstonge
Belt with o possible conneetion between the two
north of the dome. The Kautokeina Greenstone
Belt consists of sequencex of tholeinic basalis o
tuftaceous greenstones and amphiholites alter-
nating with sedimentary umits, The voleanic and
sedimentiny rocks abso occur as remnants o
infolded lenses in the gneiss terrans, especially
in the eastern gnetss dome.

During 1984 and 1985, Prospektermg A8
and the Geological Survey of Nomway (NGL)
cooperated i regional geological mapping 1o
the ~outhern part of the region. amnd 1t s inten-
ded that Prospektering A'S will contribute a
number of geological maps ata scale of 150,000
i connection with NGU's Finnmark Program-
me. This project mitiated a geochenigul and
geochranalogical study on the greenstones and
associated gneisses and granites of the region

The paper presents the stratigraphy  and
structural features within the region and the
geachronology and geochemistry of the associa-
ted gneisses and late intrusions, Petrogenetic
implications are discussed and some limits on
the ages of the different formations are set.
Some considerations are presented concerning
the development of the greenstone belt,

Regional setting

[he southern part of the Kautokeing Gngeiss-
Greenstone Terrain is divided into 8 tormations
und plutonie complexes. These are shown in
Figs. 1 and 2 and listed in Table 1 along with
conelations with sequences in neighbouring re-
gions {Siedlecka et al. 1985, this volume).

We guestion the correlation with the Gal'-
denvarn Formation (Soili 1983). which will be
discussed Tater. The relative posttions of the
Stuorapv and Lik'¢a Formanons are also
guestionable, We propose. as i working hypoth-
esis, that these units were deposited quite late.
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Fig 1. Geology of the southern pant of the Kauokemo enemsgreensione tertam . Legend: 1 Riednjain'n plutome massif, 2
Lavvom'vi plutonic massits. 3, Stworajav’n Formanon, 4 Lik'¢a Formanon, & Carsvarnt Formation, 6 Av'h Fermation; a:
Upper sedimentary ~equenee, b Basie metinolconites = kower sedimentary sequence, 7. Masi Formation, 8. Baharav'dujav'ri
Formation, 9 Favrusjak Goeisses, 100 Ak kanasvarn Gnetsses, 11, Biennaroavwv Gnemses, 12 Bis'suvam Gnesses, 13
Sadnatvei Formation, -+ -Breecia- Shear zones, taulis. @ - Samphing loclintes for Rh/St isotope analysis

Abbrevutions: Mr, mam road: SPYV, Spiel’gavarn; $J, Sworajan’t, G, Gadjay'n: K, Kanokeino, A, Addnt F, Favrasjak: R),
Riednpayav'r: WV, Vuorasvarr: AL AvEav'n, B, Babaray 'dupey’n, 1O, Laveoar™i, SO, Spal’loasi; LY, Lilgavam: SV,
SovEaganvarn. BR, Biennaroavve: AV, Ak kanasvarn

e Jater than the main metamorphism ot the The Stuorapny'ti Formation constitutes the

other voleanic formations upper part of the Caskias Group. defined by
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Holmsen ct al. (1957) as the lowest voleanic
sequence west of the Caravarri Sandstone and
associated argillites. It is equivalent to the east-
ern part of the Cas’kejas Formation (Siedlecka
ct ab. 1985). Sandstad (1953). from field and
geochemical data and from metamaorphic petro-
Togy (Sundstad. in prep.), has not observed any
features which support our subdivision.

The relative position of the Caravarri Forma-
tion is problematic both from a tectonic point of
view and from the lack of observed sedimentary
contacts to the voleanic formations. (ther au-

KAUTOKEING GREENSTONE BELT (south)

STUORAJAVR! FORMATION
Basalls iecally
Argiliites
Tutf ftuffite/ carbonates
Basalts
RIF TING
LATE - tPOST-TECTOMNIC INTRUGIDNS
CARAVARRI FORMATION

¥ FORMATION

Mico schists/congl Aquartzie
Tuate / tuftite
Bouaits

Tamasdaiics
fematutes Looooulone

Mico schisd/cong
MAS| FORMATIOR
Ouariziie
Chaatis - mica [-fuchaie-schist
Arvosic sendsiones congl

BaAHARAVDLLIAVR! FORMATION
GALDENYARRI FORMATION

Mier srhists i 2-rich sediments
Tuttde i tuff! basal:

Komotites

2.B-3. 25y TONALITIC

s x +s'| 328Dy SADNABE! FORMATION
Bosaitic kama!iites | ju'ls
mica schists

LEGEND
D s M 5 R =S R S

TS Boaa

Geology of the Kautokeino Greenstone Belt 133

thors (Holmsenet al, 957, Sandstad 1983, Solli
& Sandstad 1954, Torske & Bergh 1983, and
Siedlecka et al. 1983) have interpreted rocks
equivalent to the Caravarri and Bik'kacak ka
Formations as the voungest deposits in the re-
gion. Holmsen et al. (1957), however, placed a
fault close to the border against the western
volcanic rocks. north of the present study ares
(near Cuoldmajav). Here, a breceia zone
separates strongly reenystallized quartzites to
the cast and tuffaceous greenstones and sehists
to the west,

Sadnabeet Formation

This formation oceurs asa g, 2 km hroad NNE-
SSWatriking zone within the gneisses east of the
main Kautokeino Greenstone Belt (Fig, 1), It
thins aut northward from s tvpe arca (east of
Sadnubwiskai'dijav, cast ol Ak kanasjiakka),
but south of the tvpe arca 1t s folded eastwards
further into the gneiss terrain, and westwards
towards the main greenstone belt. To the south
the formation s mtruded by younger granites
{Lavvout vi Massits); 1o the nornth intrusive rela-
nonships are observed 10 tonahite trondh jem-
itic gneisses (A KkKanasvarn Goeisses, see lter),
To the southeast possible intrusive relationships
are also ohserved between the metasediments
and trondhjemitic gneisses {Bis"suvarri Gneis-
ses.see latern,

In the type area the formation consists mainly
of basultic kematntes, but 1o the south and east
it is made up increasingly of more tulfite and
sedimentary sequences. The sedimentary part,
which seems to make up the stratigraplie upper
part of the tormanon, becomes more domimant
towards the southeast where the voleanie com-
ponent may become totally absent. It appears s
if the latter has been more o less eplaced by
coarse metagabbrode mtiusions,

Fig. 2 ta) Mustration of peolomeal suecessions and events, Legend: | Goesses, 2 Hasalts or komatiites: 3 Mixture of taff and
Tavalt . 4 tudf wtiine, pelite/peltitic sediments: 8 Sandstone + peliterquartzite/conglomeraie. 6 Cirbonale rocks: T Latwe
graniies. 8, Brecows, Heavy selid finey: Possihle discontinutes

B
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thi Secnion through the northem part of the study area (see Fig. 11 Legend ay in Fig, 2ral
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TABLE |. Regional correlition of lrmations and compleses from aldest o youngest

The present arca

Mamly hithology

Northemn pan of the greenslong
belt (Swedlecka er gl T985)

] Siulnatver Fm Rasie valeanites
s The Gnerss Complexes

Fastern Greiss Comple
al AR Ranasvarm Gnebses

b} Biennaroa vi Cineisses Tomusl jtes

Ironcdhjenutes

Cilil"demvarn Fm {7

ler’gul Gaenss Complex

Westerny Guens € omiplen
Favrusjak Gincisses

Crramitic eneisses

Rapsaedno Gnedss Complex

3 Baharay'dwiav'nn Fm

Rermatites metibusalls

Gl denvarm Fm (")

4. Masi Fm
sandstones

Ouarizites teldspating

Must Fm

N A Fm

Basic wolcanites

b Sualwuobow Fm
NW Western purt of Cas'Kefas B m

[ Cirivarn I'm

Sandstones argitlites

Caravarm Fmo Bk kadakka Fm

Stuorays n bm
k¢ Fm

Basic voleanites

lZastern pan of Cas'keps E'm
Lak"da I'm

X Platonic Maxiih
Lavvoar'vt Massils
Riedmgpar 1 Mussid

Granodionte

Quartz-manzonite

Dutkuvarrs Gramile
tHolmscn 1937)

The basaltie komatites (12-16 wf MeQO)) are
characteristically of LILE large-ion-hthophile
clement-b (LREE-) ennched nature. In the
tpe arca the hasalue komatiites exhibit priman
voleanie features such as gax vesicles and an
abundance of pyroclastie matesial (Fig, 3231, The
paragenesis is manmly pargaste = plagioclase =
opagues

Arkosic sediments are represented by bionie
sneisses. Quantzites are present locally. Pelitic
sediments vecur partially as coarse. massive to
toliated. cordiente gnesses and mica schists,
Lower parts mav contam conglomerate umits of
mtraformational ongm which contain pehbles
of the sume matertal as the matrix quartz-mica-
schists, Retrogression of the cordierite assem-
hliges may occur i nense shear zones (ca.
NNE-S5W), where cordiente breaks down to
chlorite = hiotite Greaction with muscovite).

The formation. which in the south is deflected
westwards around the gneisses (see Fig. 1), may
join and form parts of what we have mapped as
the Baharav'dujav'ri Formation beneath the
Masi Formation further north (see p. 136).

The Gneiss Complex
The eastern gresses aued their refationsiup to the
metavoloamies

Ihe gnessex cast of the Kautokemao Gireen-
stone Belt belomg 1o the Jergel Gneiss Complex
(Rl 1984, Stedlecka et al. 198510 The gnersses
are homaogeneous on the Kilometre scale, bt
may show compositional handing of matic min-
crads on o 1oem o to 10 moseake On o larger
regiomit! scale {rens of km, however, three main
wpes af gneeses, dittering in tield appearance,
can be recogmsed.
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Fig 3 (a) Pyroclasiie tragments 1n basalie komatate (13
wie Megth, Sadnisba Formation

th) Pendotitie kamtite (29 <5 M) waith phenoerssts ol
alvine (dark spots: brown on weathered surfuce ). Haharay”
dujav 11 Formumion

tel llows i pendotitie komatine |34
dufov ' Formation

MeO) ) Baharas '

The Bis'stvarrt Guersses 1 BvGihave a light
appearance. otten banded on eme-scale, with
darker more matic material. The gnerss is usu-
ally relatively fine-grzuned. and the more mafic
{Matete-rich) banding may be totallv absent over
several Kilometres. Amplibalitic lenses and in-
clustons are observed, but are relatively rare.
The gnetss constitetes the southernmaost grea of
the Eastern Ginerss Complex. Although possi-
ble mtrusive relutionstups to parts ot the Sadna-
b Formation  have  heen observed.  the
tohstion 1n aneisses and metamaon phic tabric in
metasupractustals. are concordant. However.
the southeast extension of the Masi Formation
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seem 10 show discordint selations 1o the ByvG
Seceondiny detonmations in the gneisses paraltel
to the tolintonin the Masi Formation are ohser-
ved on approaching these metasediments

The Biennarcavvi Greisses 18 are dark
brownish, strongly toliated biotite thornblende)
gneisses. and constitute the core of an anti-
formal structure (Fig. 1) which is surrounded by
the Sadnabri and Baharav'dujavri Formations
{see p. L3, Contact relationships to the former
n the south are obliterated by late granitic in-
trusions (Lavvew vt Massits, p. 148),

The AR kanasvarrt GGoeisses (A G are course-
to mediem-gramed wpically containing agyre-
gattes of brotite and hornblende, thus making it
appear spotted mthe field. They ate homogene-
ous on a local seale and lack the wpical regular

Fig 4 Grannie-pegmanitic vemns intruding the dark grey
Biennaroay vi Gneisses
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lavering of the BGL However, more irregular
variations in the amount of matic mimerals occur
over a somew hat Larger seale, and these miner-
als may become almost absent, The AG oceupi-
es o large area cast of the intolded voleanites.
which thus separates the two types of gneisses.
Inclusions and lenses of amphibolite are rela-
tively common. Rocks conelative to the Sadna-
bl Formition scem to recir gast of the
Ak kanasvarri Goeisses (Fig, [,

The BG contiains zones of relatively mtense
pegmatization and gramtization (Fig. 43, espe-
ciadlyv along the central parts of the dome strue-
ture and to o less extent ¢loser o the
supracrustal sequence to the east. The gneisses,
however. become intensively sheared and retro-
graded. and noelearcontact relanonship betwe-
en AG and BG can be observed

Contact relationships between the Sadnalwe
Formation and the AG are mdicated as two
lareer exposures. Intrusive contacts between
the two are demonstrated by xenoliths of koma-
tittic racks accurring as lenses o few tens of me-
tres away from the contact i one exposuie ([V32
I UTAMS0341 20, and Dy cross-cutting veins and
features of partiabmelting witlan the amphibaoli-
tes (Fig, 31inthe other exposure (19321, UTM
S46.3562 31 Intrusive breecias are also obser-
ved 1n the gneiss close 1o the contact.

Contaet relationships between the Sadoabaei
Formation and the ByG oare observed to the
southeast (1932 1. UM 820038600, Here it s
more unclear, hut observations imdicate that the
barder to the mica sclusts s discordant to the
eeneral folintion, whieh 1s paralel in the meta-
sediments and dioritic gneisses. The border is
exposcd over o distance of some decimetres.
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Fig. 5 The inrusive rela-
tnanships between the Ak™
kanasvarm Gneisses  and
amphibolites of the Sadna-
b1 Formation

However, the absenvation does not necessarihy
imply intrusive relationships,

The western gnetsses

The Favrusjiak Gneisses (FOG) constitute o re-
gion in the southernmost part of the Raswdnoe
Grneiss Complex (see Siedlecka et al. 1983),
and comprise a homogeneous unit of granitic
gneisses (Fig. 1), They are tvpicatly Tavered
with coarser granitic material (1-53 em). but in
some regions the lavers are absent. The rocks
are usuadly intensively foliated., generally in a
NW-SE wrend. More massive pegmatitic mate-
rial is commonly present as concordant lenses
and bands. Biotite 1s the main matic mineral
phasc.

Granodiorite dykes and bodies similar to the
Riednjajaviri Massif (see p. 148) intrude the
gneiss and its concordant belts of metasedi-
ments (Masi Formation) and amphibolites.

Baharav'dujay'ri Formation

This formation appears as an antiformal N-S
striking zone bordering the main zone of the
Masi Formation to the west, east of AV Zijav'ri.
where it has its type area (Fig. 1), [tis correlated
with rocks occurring in narrower zones. folded
up in the central pants of the Masi Formation
further cast, and in a smalter zone which overli-
s the eastern gneisses and stratigraphically un-
derlies the Masi Formation {sce p. 138),

The tformation consists of ioseries of metavol-
canic amplubolues  charactensucally - repre-
sented by pendotitiec to bisaltic komatiites
which oceupy the centie of the antiformal zone.
The Komatittes grade upwards mto more basal-



NGUERLUEL b st

tic extrusives. hecoming more tuffaceous to-
wards the top of the sequenee where tutts and
tuffites are mereasingly intercalated with more
sedimentary material and carbonates. A thin
quartzite/schist unit (¢, 30 m) s interlavered
with the tuffites. which, however, make up the
upper few hundred metres until guartz-mica
schists and guartzites of the Mast Formation are
encountered to the cast in the type area.

The full sequence is about 1000 m thick, ¢ 30
& of which v composed of komatiitic rocks. No
base of the sequence has been recognised. The
komatiitic rocks underlving the Masi Formation
to the cast cannot be distinguished in appearan-
ce (Fig. 3b) and chemistny from the charie-
teristic rocks of the tvpe area. The castern zone
is a natur continuation of the Gal'denvarn
Formation further north (Solli 1983) 1in the Masi
region. where it accupies @ similar position.

The relationship to the Sadnaban Formation
is unelear, The latter has a charactenstic chem-
istrv. showing basaltic komatitic compositions
with LILE-¢enriched patterns, Cempared to the
typically LREE-depleted nature of the penidoti-
tic 10 basultic Komatitic compositions o the
Buaharav'dojay'n Formation. this may indicate
different events for the extrusion ol the two tor-
mations.

The racks oecur as different saneties of ho-
mogeneous or lavered amphibalites. The most
hasic komatines (peridotitic. 23-30 wie Mp())
vary from light green to green. whereas basalue
amphibohtes are dark green. Pillows (Fig. 3¢)
and pillow breceias are observed in the komatir-
tes. Olivine appears as phenocrvsts (see Fig,
3b). brown-red on weathered surtaces. mannly in
a light green amphibole matrix. The basaltic
lvas occur as fine- 1o medium-grained dark am-
phibalites, The light- and dark-lavered amphi-
balites are interpreted as metatufts and tuftites,
The sedimentary units are garnet-mica schists
and hiotitequatntz aneisses and schists,

€

Typical paragenescs are as follows: -

Komatiites:

1) Pargasitic hornblende = ol + chlor £ ser-
pentine + spinel + pyrrh/pentl.

2}y Pargasitic hornblende % plag * chlor + spin-
el +

pyrrh/pentt.

Basalts:

Hornbl + plag & gz + mgt + pyrrh + py

Tufts tuftites:

Hornbl + plag £ cpx = gz + mgt + pv/pyrrh.
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Sediments:
Qz + fsp + bio £ musc = gnt.

Chlorite and serpentine are secondary replace-
ment products after olivine and reaction prod-
ucts between olivine and hornblende. Olivine
occurs in komatiites having more than 23 %
MgO. In the ficld its mode of aceurrence indi-
cates a magmatic origin (porphyric lavas. Fig,
3b): e.g.in a 75 em-thick section of what we
have interpreted as a lava flow, olivine pheno-
crysts oceur abundantly at the bottom and be-
come gradually less abundant towards the
vesicle-rich top of the laver.

Microscopically. the phenoerysts show o
granular metamorphic appearance. However,
a possible magmatic texture mav have been
replaced by metamorphic olivine. In one thin-
section olivine shows a crystal habit of ran-
domly eriented thin needles. These are inter-
preted as spinifex textures. which are
commonly found tn less metamorphosed ultra-
basic lavas (e.g. Donaldson 1982}, The scarcity
of spinifex textures may be due to the high
degree of recrvstallization

Diopside associated with hornblende. pla-
gloclase and gquartz appears in the banded am-
phibolites. The mineral is especially abundant
when occurring together with larger amounts
of sulphides (pvrite pyrrhotite). This is attri-
buted to a reduction of H,O-uctivity by liber-
ation of S; during metamorphism.

Muasi Formation

The rocks of this formation were described by
Holmsen et al. {1957) from the Masi arca
{mainly quartzites), and were correlated with
the metasediments occurring in the western
zone. at Addjit, and to the south ¢lose to the
Finnish border. The Masi Formation as de-
fined by Solli (1983). (see also Sicdlecka et al.
1483). is correlated with rocks in the ¢. 10-13
km broad zone striking NNW.-SSE in the pres-
ent area and also with rocks in the domal strue-
tures within the metavolcanic sequences. near
the western margin of the zone, and near the
Finnish border.

The Masi Formation consists of biotite
gneisses (meta-arkoses). mica schists, quartz-
muscovite (-fuchsite) schists and quartzites,
The lithologies vary laterally and are domi-
nantly arkosic in the northernand castern parts
of the arca with quartzite of variable thickness
in the stratigraphic uppermost part. The qu-
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artzites hecome more dominant around Lay-
voai'vi and make up the major rock-type to the
southeast along the Finnish border. The rocks
in the domal structures and at Addjit consist
mainly ot quartz-muscovite-fuchsite  schists.
The amount of fuchsite is variable. This fuch-
site-heanng sehist ceems to replace the guart-
zite unit as a westerly and southerly developed
facies vartant, At Lilgevarri - Spalloaivi the
guartz-mica  schists  overlie arkosic  hiotite-
MUSCOVITE gricisses,

Conglomerates have been observed some
Kilometres north of the main road (just south
of Spicl'gavarei), They occur elose 10 the hase
of the tormation overlving basic volcanites
and cun be correlated with the Mast Con-
glomerate (Holmsen et al. 1957). also descri-
bed by Salls ( 1983) and Siedlecka et al. { [985)
The pebbles are mostly finegravined metasand-
stones and guartzite. and the matrix is grey
biotite  gneiss.

Just above the eastern metavoleanic zone
west of Biennaroavvi a unit of coarse greyvwae-
ke with abundant granite fragments (up to 3
mm) s present. which is similar to basal units
n the Mast Region. Occurrences of cross-hed-
ding confirm its stritigraphic position. over-
Iving the Baharavdujav'n Formation.

Parts of the tormation have locally undergo-
ne migmatization, the site of which was de-
terminded by the local stress swvstem. The
latter has controlled the water paths and con-
centrated the water in 'stress shadows:, which
are identitied by highly ductile deformation
and folding along vanuble trends. The migma-
tization may be confined 10 small pockets
(1O0-200 m long and 30 m wide) bordered by
more sehistose gneisses with no anatectic
veins. The ductile zones are commonly inter-
mingled with granitic anatectic veins and nun
develop into o rock consisting ot cireular or
ellipsoidal  guartz-muscovitesillimanite  ‘peb-
bles” set in 4 granitic groundmass. Migmatiza-
tion led to the following paragenesis m the
guartz-mica-rich part of the formation; (z +
muxe 2 sill & Kespar = biotite, K-feldspar
may locally grow as porphyroblasts. but then
no sillimamte 15 tound: however. potassium
has been mostly concentrated in the neosome
during migmatitization. The migmattization
oceurs more commanly southwards and beco-
mes most widespread towards Suvéaganvarr.
Liigevarn, Spalloairvi and Roavvoar'yi, It s
only locally developed in the northern parts of
the area
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A Formation

This formation comprises o series af sediments
and voleanie rocks with an estimated thickness
of 1500-2t0ik m It oceupies the largest arca of
the greenstone helt in the centrad and western

districts. The foomation is eorclaiod witly the

Suolovuobmi Formation to the nonh and north-
east (Solh 1953), and with the western part o
the Caskelis Formation to the northwest (see
Stedlecka et al, 1985)

Fhe tvpe aree lies along the castern side o
AvVapyn and in the hillside above the lake
where 1t relatively well exposed. The tor-
mation starts with o sedimentany sequence of
LA my thickness, consisting of Tebdspathic
siltstones and biotite selusts, grading upwards
locally 10 thin guartzites. Polymighic con-
glomerates occur locally at the bottom ot the
sequence. Pebbles of voleame material are oh-
served, but the conglomerate consists mostly of
quattzite pebbles set in a teldspathic bicte-
muscovite schist. The sedimentary sequenee is
Pordered by the Baharav dujav'ni Formation
[ust cast af the Av'z vallev, and by the Mas
Formation west of the valley. Here the horder
relationships are obliterated by g thick amphu-
bohie metadiabase dvke (pre-tectonie) which
miy have intruded as o €l subparaltel 10 the
horder between the Masi Formation and the
overlving metasediments of the AV Formae-
tion

I'he Avzi Formation occurs 10 a tight svntor-
mal strueture with the fold axis striking along
the vast side of A2y o Further north the
Balinay'dujay 't Formaton wedges out and
here the sedimentary sequence borders the
Mast Formation to the cast.

The vateanites consist mostly of tholentic ba-
silts, tutts and utties, gradually developing
from sedimentary basalue wits o danunantly
tuft and tutfite. Locally. thin honzons tup 10
thiee of 20-30 m thickness each) of basaltic ta
pyroxenitic kamatites. which are highter green
than the hasaltic amphibaline. occur at the bot-
tom ot the sequence. directly on top ot the lower
sedimentary unit. The tormation ends with a
sedimentany sequence consisting of feldspathic
biotite schists. mica schists, and feldspathic and
quantzitic metasandstones, wiich has o thick-
ness of up (o a tew hundred metres. The sed-
ments are correlated with the Kautokeing
Conglomerate. which appears 1o lie on top of
the velcanie sequence and has possihle con-
nectons northwards to o 30-200 m-thick unit
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concordantly overlving amphibolitic wittites of
the Av'zi Formation, This umit contains locally
strongly strained conglomerates. guarntzites, sil-
tstones and mica schists.

Carbonate sediments have been observed
only at Riednjajav’n further southand locallvin
the western part of the Cas'kejas Formation.

The voleamites are amphibolites of vanous
types as in the Baharav'dujay'ri Formation, but
deformation in generally somewhat less inten-
se. The taet that the Avia Formanon borders
against difterent formations (the Mast and Ba-
harav'dujav v Formations, see above) may indi-
cate the presence of an ovigmal depaositional
unconformitv. in which case the Masi and Baha-
rav dujavrt Formations may have sultered o de-
formation episode priarto the deposttion of the
Av'z Formaton. The obscrvations, however,
can also be explained by Luter tectonic mecha-
nism. A more detiled structural wnalvsis will be
undertaken to reveal possible ditferences in the
detormation histores. However, mineral lin-
cations together with pebble Ineations can be
correlated w all formations. and the maneral
parageneses observed are clearty the result of
the same metamorphic epasade i all thice for-
mations.

The upper tuftitic umts are composed of hight
and dark banded amphibolites, often coarsely
porphyvrobliastic with homblende andior Al-
stlicate in a ting-gramed groundmass of otite,
feldspar. quartz and hornhtende

Laterally  nerthwestwards,  the  voleanites
seem to grade into domimantly wattitic or sed-
imentary rocks, while in the east and southwest
more basaltic components domunate. The latter
appears 1o be the case in proximity 1o larger
metagabbroic massiis and sills (medium- 10
coarsegrained  homogencous  wmphibelites)
which are intrusive into the lower sedimentarny
sequence and the other older tormations. They
oceur especially in and below the Mast Forma-
ton, e.g. south of Sprel gavarri and around the
Vuorasvarri dome and sinilar domal structures
further south and southeast, and can generally
be correlated with relatively strong magnetic
signatures on geophysical maps.

Cewravarri Formuation

This formation has been described by several
geologists, ¢ o Holmsen etal. ( [Y57). Sandstad
(19831 Sollt (1983) and Torske & Bergh
(1984a). and is regarded as the youngest unit o
the Kautokeino Greenstone Belt, occupving a
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N-5 trending zone in the north-central part of
the belt (Fig. 1),

The formation consists of elastic sediments up
toabout 3000 m thick i narthern arcas. The
bedding usually dips moderately 1o the cast,
becoming steep orwestward dipping close tothe
castern border which 1s a major fault zone.
Southof Gaegjav'n the umitappeans to erminate
southeast of GaesSjav'n (Fig, 1),

The lower part of the tormation (see protile,
Fig. 2b) consists mostly af argiliites wath {avers
ot siltstone and sandstone. locally with debris
flows at Gaesjav'n, These sediments ¢an proba-
bly be correlated with the Bik'kacakka Forma-
tion turther north (Sandstad 1983, Siedlecka ¢t
al. 1985). The upper pait consists minnty ot
sandstaones with coarse ¢lastic sediments (con-
glomerates and debris tiows) and three major
units of different ¢lastic matenal are distinguis-
hed (Torske & Bergh 1984y, In northern areas
these sediments are in the arder ot 4 ki thick
and only very slightly detormed,

Along the eastern contact (al localities on the
southern and western sides of Giesjav'ri) obser-
vations indicate @ primary sedimentary uncon-
formable  contact Detween  undeformed
sandstones and pockets of argillite and under-
lving strongly detormed amphibolitic tutfites
and reervstallized guartzite supposediv be-
longing to the Av 2t Formation. The latier beco-
me increasingly brecanted castwards trom thas
sedimentary comact until undetformed metavol-
canic rocks belonging to the Lik'¢n Formation
are suddenly encountered ca. 1 km east of the
observed sedimentary base of the Caravarri For-
mation. The coarse clastic sediments are most
common in the castern part of the tormation and
indicate sedimentation m an unstablbe tectonie
covironment with basin tormation and subwi-
dence 1o the east,

The contuct relationship to the western volea-
nites north of our study aren may likewise be
tectonic. which s also indicated by the obser-
viions of Holmsen et al. ¢ 19571 There, meta-
tufts and wtfites are separated trom strongly
reervstallized quartzites by a biecara, similar to
that along the castern contact zone. above
which there are argillites of the Bikkaéakka
Formation (Siedlecka et al. T983). An observed
intense breeeia zone in the northern part of the
Present area may represent g continuation of the
one further north, but here s bordered by
wmphibolitic tuttites w the cast (A A Forma-
tion?).

The Caravarn Formation has heen correlated
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with the Skoadduvart Formation in the Alta-
Kyienangen Window (Torske & Bergh [954b;
A possible correlation exists further cast. in the
Kamagtiord Window. with the Saltvann Group
{Pharaoh 1983}, In this case the Nussir Group,
which overhies the Saltvann Group. may he cor-
reluted witht the Swworgiay n Farmation (s

below).

Stuorajav'ri and Lik éa Formations and
their tectonic deformation

Descriptions of the formations

Steorajav'rt is the name of a lake to the north-
west of Kautokeno village. The termation s
defined by a weakly deformed sequence of vol-
canites. pelitic sediments and carbonates meta-
morphosed under very low grade conditions. It
occupies an 8-10 km wide NNW-SSE striking
zong i the west-central part of the Greenstone
Belt, terminating towards the Finnish border in
the south (Fig, 1)

The tvpe area s the eistern share of Stuora-
javre (at Balgamjarea and Cuojavaurin, The
lower part of the formaton s dommated Iy
basitlts and associated tuffs with sedimentary
intercalations, The lava piles aie up to several

L)

L}
: SR X ¢ ‘.I.‘ R
Fig & Lamnated tutt tuitite with graded bedding (& match
serves 8 scale), Stuorajav i Formation

100 metres thick. but seem to be ot limnted
lateral extent. Volcuic structures are common-
ly well preserved. The basalts are usually vesicu-
lar, in seme places with pillow structures (well
exposed at Balgatnjar ga). The tuts are usually
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fine grained. grecnish and well laminated,
sometimes with graded bedding (Fig. 6). coar-
ser pyroclasts or aceretionary lapilli,

The upper part of the formation is domina-
led by fine-grained sediments. varyving from
tuffs and tutfites to argillites, graphite schists
and carbonates. Argilinte units with graphite
schists and thicker carbonates tmore than 100
m thick} oceur at the top in the castern part of
the formation.

The tormation and its surrounding rocks are
intruded by numcrous diabase dvkes and sills.
up to 100 m thick and up to several kilometres
in strike extent,

The main deformation oceurred locally al-
ong extensive shear zones of NW-SE to NNW.-
SSE trend, associated with close 1o almost iso-
clinal svmmetneal folds with axial planes di-
pping steeply 10 the east. Regionally the
formation is folded in more open folds along
the same trend. Fold axes are flat-iving or
gently dippig to the north or south. de-
pendent on later E-W trending regional open
folds.

The Stuorajavtt Formaton has been sub-
fected o very low grade metamorphism with
growth ol chlerite and locally hiotite (stilpno-
meliane”?) along shear zones and felds with well
developed axial planar schsitosity, Actinolite
aceurs together with caleite or dolomite in the
vesicles of hasalts and as randomly orentated
needles in same wtts,

Fhe contact relationships to the underiving
Avzl or Masi Formations 1o the west are not
observed because of lack of exposures, Breccia-
ted and altered rocks close to the margins in
southern areus suggest tectome relationships,
However, along the western contaet (helow the
basalts at Stuoraav'ri and turther northy geop-
hysical measurements show the presence of a
schist unit with graphite indicating a primary
sedimentary contact in northern districts. The
castern eontiet s observed at two loculities
north of Kautekemo, Thinner, almost unde-
formed basalts tinterpreted as the top unitot the
formation} he m cantact with strongly breecia-
ted quartzite at one locality (LITN SOS680).,
Huge hlocks of quartzite and tragments of alte-
red amphibolite ina matris ot argillite. mterpre-
wd a8 lorger mudtlows, oceur at the other
tocabity (LITM 7377537 5), bordering undetor-
med basaltic greenstones, The mudflows may
have developed along a tault margin, where si-
multaneous eruptions of basalt occurred. The
position and age of these rocks relative to ather
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units in the Stuerajav'ri Formation are unclear.

Regional geophysical surveys indicate the exi-
stence of larger block faulting movements (NW-
SL), where EM and magnetic anomaly zones
abruptly terminate or are displaced. These later-
al faults terminate at the border to the Stuora-
Jav'n Formation and are related to the severe
breceiation which occurred just north of Kauto-
keino (see below),

The block faults and breceia zones illustrated
in Fig. 1 indicate the formation of a vounger ritt
zone.

Fhe Lik'éa Formauon (cast of Caravarri) is
deseribed by AL Solli (in Siedlecka et al. 1933)
as o separate unit of hasaltic rocks with some
sediments (mudstone with graphite. dolomite
and sandstane) which thins out southwards to-
wards Kautokeno (Fig. 1). The lithology, meta-
morphism and tectonics of the formation are
sumilie to those of the Stuorajavri Formation,

The formation has fault-bounded contacts to
highly breeciated and altered amphibolites and
quartzites in the west, near Gasjavn. above
which the Caravarri Formation may lic with sed-
IMentary contact {see p. 139). Alsa, where the
Lik'¢a thiny out southwards (Fig. 1). undefor-
med basaltic rocks are observed in contact with
strongly deformed quanzites (at the western
border) (UTM 833.5,723).

Near the northern limit of the present arca
{Fig. 1). the Caravarri and Lik'¢a Formations
have a mutual tectonie contact which displays

The eastern contact of the Lik & Formation is
nat exposcd in the present area, but observa-
tions here show a metamorphic gradient corre-
sponding to low to medium amphibolite facies
in the hordering Av'zi Formation 1.3 km away
from very low-grade facies metamorphism in
greemchists and argillites of the Lik'éa Forma-
tion, This may indieate & metamorphic break.

The Stuorajav'ri Formation. which extends
north of the present area. seems to continuc
beneath the Caledonian cover and ¢an be corre-
lated with the Ksenvika greenstone in the Alta-
Kvienangen Window (Bergh & Torske 1984)
and the Nussir Group of the Komagfjord Win-
dow (Pharaoh et al, 1983}, The Stuorajavy i For-
mation may  have the same  stratigraphic
position relative to the Carajav'ri Formation as
the Nussit Group to the Sabivann Group.

Alteration and hrecciation

Zones of very miense carbonatization. which
also has caused simultancous albitization of am-
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Frg 7. (a) Brecowted altmtescarbonate tock . () Bregeiated
quartaite (the matrx s 4 misture at quartz tragments and
albite-carbonate).

phibolites and greenstones, are recognised lo-
cally, but less intense zones may be found over
the whele area. They may be associated with
quite intense brecetation. whieh also may oecur
as a bter development of the alteration pro-
cesses (see Fig. 7). The carbanatzation is asso-
ciated with a tectonically detenmimed introdue-
ton of carhonate along well defined zones, The
altered rock is crosseut by carbonate veins and
hecomes fragmented and totally reervstallized
in the most altected zones, In the moderateby
intense zones, however, carlier struetures (ban-
ding, toldmg. textures) have survived in spite of
miense cibonatization. Breeciations which fol-
low these zones have olten resulted in a total
crushing of the carbomized rock, which produ-
ced @ rock giving the appearance of conglo-
merate (b 7). Fragments and matrix are
almost indistinguishable 1 thin-sections. Whe-
e quanzites were simitarly detormed they ae-
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guired the sume appearance. but with more or
less rounded quartzite fragments in o guartz-
carbonate-albite matrix.

The alterations and brecciations oecurred
mainly along NNE-SSW and WNW-ESE to
NW.SE-striking zones, Brecelation seems to
have vecurred mainly along the last trend but
also probahly 1o a lesser extent along the for-
mer.,

The regions of most intense alteration and
brecciation oceur along the border zones to the
Stuorajav'ti Formation. North of Kautokeino
carbonatization and brecciation are observed
only along the eastern side of the formation,
whereas in the south it occurs on both sides.

Alteration is also seen within the vounger
sequence but mostly as thinner. less intense
and local zones. closelv associated with car-
bonate sediments. Brecciation has oceurred
sporadically and onlv 10 a comparatively mi-
nor extent.

Along the Kautokeino river southwest of
Kautokeino, very intense carbonatization and
brecaiation transect the metabasaltic rocks of
the Stuorajav'ri Formation. Large lenses of
quartzite occur sporadically among intensive
carbonate brecaias containing greenschist and
argillite tragments. The breecias locally seem
to have been formed explosively by o release of
CO -pases under high pressure. This zone is
probably a major tectonie zone which may
have been reactivated several times.

The alteration zones described ahove show
ne signs of later deformations,

Chemistry of gneisses and late in-
trusions: petrogenetic relations

Eleven samples of the Biennaroavvi Gngisses
and 14 samples ot the AK'kanasvarr Gnersses
have been analyzed for major and trace ele-
ments (see Table 2). Here the compositional
ditterences and possible source and mechanism
tor the tormation of both tvpes of gneisses will
he discussed. Eight samples from the Riednija-
aviiand 3 samples from the Lavvoarvi plutonic
nuassits will be treated in the same way, Six sam-
ples at the Favrusiak Gneisses have been analy-
zed and will be treated in a more general way,

Analvtical methods

Major and trage clements were analyzed Iy
N.R F. spectometry on glass beads or powder
pellets at the Norwegian Geological Survey
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{INGU). Trondheim. Rb and Sr were analvzed
by X.R.F. (Mo-tuhe) on pressed powder pellets
at  the  Mincralogical-Geolegical  Museum.
Oslo. according to the technigues of Pankhurst
& O'Nions (1973). The precision of the Rb/Sr
ratio 1s in the order of 1 %, Sr-isotope ratios
were analvzed on a Micromass 30 masspectro-
meter at the Mincralogical-Geologieal Museum
in Osle. where also the sepuration of Srowas
undertaken with conventional dissolution and
cation exchange procedures, The average S
Sranalvzed on the standard NBS 987 over the
period concerned here is 0.71027 + 2 (28E).
The repression of data sets was done according
1o the method of York (1966). The decay con-
stantof Rb¥ usedis 142,101yt Ages and intit-
il Tatios are given with errors on the 2 -tevel,

Lastern gneisses
Normative feldspar-guartz plots in Fig, 8 (aband
{h) show the relatively plagioclase-rich and Na-
nich nature of the gneisses, Fallowing O'Conner
C1U85) these are classified as:
Biconaroawwi gneisses (BG)
tromdhjemitic
AR Kanasvarr gneisses (AG): Dominantly
trandhjemitic

Modally, after Streckeisen (1974), the AG
would plot mainly as quarntz-diorite varving 1o
guartz-monzodionic. and the BG mamly as
(uartz-monzonite/gramte varving to quartz-di-
orite.

The BG are similar to other Archacan base-
ment complexes around the world, while the
AG are somewhat more Na-rich than most ot-
her compleses (Ab AR ca,. 2-3) and have a
shghtly lower normative quartz content (Fig,
8hy. The dashed arca in Fig. 8 encloses the
composifions from arcas in South Afnea; Pilba-
ra block (Shaw Bathalith) and Yilgarn block.
Australice: Suomussalmi-Kuhmo grey gneisses,
castern Finland: Koitelainen region. northern
Finland, wnd Nouk gneisses. Greenland, Frace
clements (including REE) in combimation with
difterentisotope chronological dataindicate the
dertvation of such swtes of rocks by partial mel-
ting of pre-existing basaltic amphibalitic crust.
e.g the batholith of East Pilbara, Austradia
Clishn et alo 19811 Tojottamanselki gneisses,
northen Finland (Jabn et al, 19840 Kivijarvi
goetsses, castern Finland (Martin et al, 1983)
and O'Nions & Pankhurst ( 1478,

[onahne -
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Fig. 8. (a) & ¢b) Quarts-teldspar normative composiiion of gneisses and lute intrasive massifs. Symbods . (2, Biennuroay's)
gneisses: 7L AR kanassarm gneisses; @ Riednjagan'ri massit. B, Lavvoai™v missifs: shaded area, Favrusjak Gneisses. Classiti
cation gecerding 1o O'Connor (1963), Dashed arcam () represent commaon compositions of some Archagan gneisses around

the world (sec wex1; taken tgom Mamin el al. 1984,

melting of more busse maderial (with plagioclase
as a less dominant phase residuc). In the tollo-
wing we present some trace clement data in
order 10 redugce the number of possibilities for
sources and mechanisms of tormanon.

K/'Rb. Sr/Rb. Ba'Rb. S¢/Rb and Sr Ba ratios
arc plotted against a tactor. F. which is presu-
med te indicate the degree of melung (Fig, Ya),
F=Rb{source ) Rbisample) has been caleulated
for cach sample. As an amphibolitic source has
been deduced tor most gneisses of TTG suites
around the world, we use a value tor Rb (sour-
ce) equil to 7 ppm. assuming an amphibolitic
source with a Rb content similar to the average
of apparently chemicnlly unahtered voleanic ma-
terial contained in the Sadnabwi and Baharav™-
dujavri Formations,  Secondary Rb- and
K-enrichment seems 1o hove oceurred partially
during metamorphism (see geochronological
section and Fig. [3) and samples with K Rb 300
are used to obtain the average ‘Rbsouree”. Sim-
ilarly. the average concentrations of K. Sr. Ba
and Sc are obtained tor the assumed amphibo-
litic source material, for which the respective
five different ratios above were thus found
(Ri=clement(source) Rb (source) and R,=Sr
{(source) Ba {source): see Fig. 9a).

Trends of equlibrium partial melting of dif-
ferent minerals 0 residue, and of plagioelase
fractionation are shown, using partition coef-
ficients presented by Hanson (1978),

The different plots (Fig. 9a) are compatible

with amphibolite as @ source tor the TTG
(trondhjemite-tonalite-granodiorite)  gneisses.
The caleulated partial melting curves indicate
the mvolvement of hornblende and plagioclase
in the melting process forming the magmas
which the gneisses represent, with hornblende
possibly being the dominating sobd phase (see
the Sr/Rb and Sr/Ba plots). However, the possi-
hility of anv tractionation mechanism oceurning
to produce BG cannot be deduced from these
digrams,

The possibility for source matenials other
than amphibolite mayv. however. sull be present
also tar the AG. Melting of upper mantle mate-
ral or fractionation from tholeiitic magmas are
relevant mechanisms. The former possibibity in-
volves phases such as diopside. hypersthene,
olivine. plagioclase and or spinel of residual ma-
terial (with horablende as a minor phase). K
ind Rb have very low partition coetficients (Ky)
far the first of these minerals (=0.01} and for
plagioclase it is a bit higher. but as a minor phase
in the mantle it will contribute only a small
effect on Ky, The solid curve in the K/Rb plot
would be a more representative trend for a mag-
mit produced in the upper mantle with corre-
sponding imitial K/Rb ratio (=350, The latter in
cither case 1s @ minimum value for mantle do-
mains. This is seen in the primary komatiitic
Eivis. which torm a part of the Kautokeino
STECns1one sequence.

The other possibility. which involved eventual
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Fig. % Plotof trace element Ry ratios sersus degree of partial meltngdractionation (F = Rbh, Rb) tor gnesses and late plutons
R is the imual coneentration ippm; of Rb, and R s the inital trace element/RIy ratios of source material (see text) (a)
Assuming & basic/ultrabasic source  Dushed curves, paths of melt campositiens during equlibrium partial melting of ditferent
minerals. Datted curves: paths of meit compositions during fractionation of plagioclase from diffefent staning compositions
The curves are construcied by wsing the distnibution coetficients of Hanson (1978) (taken trom Nagasawa & Schnetaler (1971
and Philpotts & Schnetzler (1970). Softd curvey (with arrew): 1he path of melt composition during the fractionation of oliving ~
dwopsiie + hypersthene + plagioclase from a tholentic magma with an average plagioclase: mafics ratio of 1.1, The starting
composition are similar (o those assamed for an amphibahitic souree. Symbels as i Fig 8 (1) Brennaroa v Gneisses assaming
i source of AGi-tvpe diontie compoesiton (see text). Solid curves: Paths of melt compositions during partial melung (PR of a
dhoritie or fractionation of plagioclase (Fr ) from a melt of mitial diorilic composiiion
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fractionation from 2 basaltic magma somewhere
in or ¢lose to the crust. would demand crvstalli-
zation of relatively large amounts of diopside.
hypersthene and plagioctase. Plagiochise would
become more and more dominant as crystalliza-
tion proceeded. Srpanitions relatively strongly
nto diwopside (Ky=0.3) and verv strongly into
plagioclase (K;,=3.5). The solid curve in the Sr
Rh plot represents o trend correspondig 0 a
crystulhzation of diopside and plagioclase., aver-
aging the proportions: di @ pl = [ @ 1. from a
magma initially with Sr'Rb = 30, This does not
prove that fractionation did not produce the
AG. Many factors may be involved. but a factio-
nation mechanisim would probably deplete the
magmas in 8rte preates degrees than that actu-
ally observed for the AG.

The position thut the BG tuke can be tested.
In Fig. Yb fracuonation from. and partial mel-
ting of an average AG type magma are model-
led. The variation in the K/Rb. St/Rb and Ba
Rb ratios as a function F. the ratio of melt left or
produced  respeetively  (=Rb(source )/Rb-
(melt): Rb{source) = Rbh(AG) = 37 ppm). are
shown as the solid curves in Fig. 9b. using the
partition coetficients for plagioclase. The latter
must be the main sohd phase involved in these
processes. as quartzdioritic material is the star-
ting composition, As can be seen. the plots of
BG show more or less elear trends, The St/Rb
plot displays a relatively well defined trend. and
the curvature tor the trend guite strongly sug-
gests that plagioclase was involved as the main
phase. A source of dioritic composition similar
to the AG is therefore probable. The more like-
Iv mechanism is partial melting of. rather than
fractionation from such a source. but this is still
guestionable, All these plots show trends to-
wards a ratio, at F=1. falling below the average
AG composition. The discrepancy, however, is
not very large. Inthe Sr Rb and Ba/Rb plats the
standard deviation of the trends overlap with
the modelled curves. The K'Rb trend talls sigm-
ficantly below Ry, Itis however. most likelv that
an eventual BG produced from AG by partial
melting was not 1o equilibrium with the total
AG. The latter appear to show broader regional
compositional variations. and partial melting of
these would probably affect only the less basic
varicties. Tn that case lower R, and larger
Rhisource) values would have been more ap-
propriate for the modelling.

The S¢/Rb plot in Fig, 9a shows that garnet
has been present i possible residues during
production of the AG. Garnet is the major pha-
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se i an amphibolite that will cause depletion of
Sein o co-existing magma (K™ is in the same
order of magnitude as K" U e K™ (gamet-
magmal=10). 3-10 % garnet i residue would
fit the observed compositions (two of the sam-
ples may have had quite large amounts of garnet
mvalved). The same plat for the BG displavs o
trend which fits more with an almost gamet-
absent source. This agam s compatible with the
prabahle dioritic source.. which wins tentatively
suggested above for the BG.

The presented major and trace clements are
thus compatible with a production of the AG by
5-32 e partial melting of 4 garnet amphibolite.
A mantle onginis less probable. The BG have
more probably been produced by panial mel-
ting of material cquivalent 1o an average AG
composition {garnet absent). 20-100 %6 partiad
meltimg of such a souree is compatible with both
major and trace clements.

Wesiern gneisses

The granitic composition of the Favrusjak
Gingisses Is shown in Fig. 8 and Table 2. They
display a verv uniform chemistry, both in major
and in trage elements. Charactenstically, K/Rb
and Ba/Rb. together with Zr. Y, Nb, Laand Ce
Rb ratios. are very high (K/Rb=~430, Ba/Rb~25-
20y, The Sr/Rb{=2) is also higher than expected
fora rock of granitic composition. These chemi-
cal teatures are probably due to primary mag-
matic  processes  rather than a result of
metamorphic alteration. Transport of large
amounts of Rb out of & large system (min, S
km’) which has not undergone dehvdration is
improbuble. Magmatic ditferentistion would
lead to Rb ¢nnichment as K¥ for the majority
of solid phasesinvolved in granitic compositions
(feldspars) is verv small compared to that for K,
Ba and Sr. Rb would act approximately as an
meompitible element like Zr. Y. Nb, La and
Ce, Relative to e.g, the TTG series of the east-
ern gneisses. the granitic Favrusjak Gneisses
should have lower K Rbh. Ba/Rb and StRb ra-
tios (¢.g. K/'Rb <200}, One probable explana-
ton for the relatively low Rb concentration s
that the gneisses may represent an accumulation
ot the enystallizing phases. mainly quartz, pla-
gioglase and orthoclase, a1 a centain stage of
erystallization,

Considering partition coefticients for plagio-
clase and K-feldspar. the contents of K, Ba. Rb
and Stoare compatible with a mixture of these
phases. the latter being the dominant one. Rb
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has low partion coctficients (mineral-magmi)
tor hath phases (pt=0.1 and or=0.6), while the
thiee other elements have very high partion co-
etficients (1 into both phases). Coneering the
other incompatible trace elements mentioned
ahove (Zr. Y. Nb. La. Ce), other phases must e
inctuded 1o be pecounted for, and sireon and
abanitet™ are observed 1y relatively large
amounts in thin-sections. Minor amounts of
biotite present would affect ondy the St Rb ratio
and to o very minor extent.

The minimum melt composition for the
gneisses as iltustiated in Fig. 8b (shaded area)
fits with a eutectic comrespondig to t FL.O~4 kb,
which thus may represent @ portion ot the erys-
lallizing phases rather than the magma compo-
sition, The residuad interstitial magma and the
ervstals manv i some wav have been sepatated.
the tormer being mobilized and emplaced sepa-
rately, higher up or elsewhere in the erust. The
grumitig stripes and pegmatitic lenses and vemns
observed may he residues of the segregated
MAgIMas.

The composition of the Favrusjak Gneisses is
thus compatible with an interpretation that they
represent i erystal mush tfrom which the rest
magma, of eutectic composition, had become
sepatited: K-fsp— gtz + plag ~ a2ircon + atlani-
(8

The late plutonic massifs

The two compositionally diftezent massits, the
Ricdnjajavri and Lavvoai v plutons. are also
plotted in Fig. 8 and ean be classified (O Cone
nar 1968) as tollows:

Riednjajavr Massit (RM); Granodioritie

- tonahtic

Lavvoai™vi Massit (LM}

hiemttic

Giranitie = trongd-

Maodally. atter Streckeisen, they would plotas
maonzonitic te quartz monzondioritie monzoni-
ticand granitic, respectively, The rocks are gen-
crally more K-rich and have o lower quantz
content { RM1 than the cistern gnesses. Fxame-
intng Fig. 8 (a) and (b). the tao massits appar-
ently together represent a continuous senies of
magmas, and may represent different degrees of
partial melting of amphibolitic matenal, as was
the case tor the AK Kanasvarn Gaeisses, Howe-
ver. the Timited datacfor the LM make v ditticult
o discern it precise relationship to RM hecau-
se they may not be representative tor the massit,
The ditterent plotsin Fig. Ya show that the cam-
position of the RM and LM s compatihle with

NOGLCBLLE, 408 pgnd

an orngin by partial melting ot amphiboliue
sourge material. A mantle ot is improbable
using the same arguments as for the Eastern
Gneisses. An origin by partial meluing ot dion-
ne-granodionitic matenial, ssmilar tothe Eastern
Crneisses. is ruled out, cspccl'ill\ when exim-
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The Sr/Ba ratios are very sensitive 1o the hbl
plratio ot the souree (Fig, Ya). The SiHa plo
theretore indicates that the souwree matertal for
the RM and 1M was probably guite similar to
that tor the Eastern Gnewsses, However, there
was ne or very lntle sonet mvolved i the mel-
ting pracess which produced the RM. As Luas
LM s concerned. however, the very low Secon-
centration may indicate the possible involve-
ment of garnet,

The KIRD. Se Rb and Ba Rb ravos indicate s
significant ditterence in the relative trage ele-
ment contents of source material hetween that
tor the lite magmas (RM <+ LA and that tor the
Iastern Gneisses. The former generally plot
above the latter. This can be attributed enther to
amore LILE (large-ion Inhophile element, ¢.g
Rb)-depleted source or 10 g sourge having gen-
erilly highly trace element contents tar the fate
magmas (¢ element tsoutee ) Rh(soureet ot
Rhisource) higher).

Stmmary

The castern gneisses. BG and AGL constitute
two different clearly defined 1egions, and hase
compositions which are typicaltor TTG saites of
many Archacan terrams sround the world. The
AG has probably been producd by 5-30 ¢ parn-
al melting of a garnet amphibolie. The BG
shows indications both from major and trace
clements of having been tormed trom maternial
equivalent ta the AG prabably by 20010 100 %
remehting of the latter,

The FG underlic o Targe region in the south-
crnmost part of the Risadno Gneiss Complex
and display a very unitorm composition which is
indicative of @ mintmum melt composimon (¢u-
tectic at ca. 4 kb H-0)). The gnetsses probahly
represent o crystal mush residue atter magma
segregation at a stage durnng difterentiation.
The hl“h]‘. du\g]npul melt, as incicited by the
|1n\:\l|1|L cnstallization of ziteon and allanite.
could have been formed by partial melting of
carlier granitond material. 1t is assumed that the
FG could have been equivalents of the eastern
gnersses. at least composttionaly.
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The e itrusions were formed partly in the
same way as the castern gneisses. Somewhat
ditferent trace element compositions were prob-
ably exlubited by the amphibolite source mate-
rial (LILE-depleted or inttially higher total
trace element congentrations).

Rb-Sr Geochronology. Petro-
genetic relations

Sampling sites are marked on the map (Fig. 1),
Uptotnee samples may be included at one site.
Samples of the LA may also include dyvkes with-
in supracrustals within the same arei.

Lastern gneisses

Rb-Sr isotope compositions of 10 samples of
Bienmauroavvi- and 12 samptles of AKKanasvarri
Gneisses are presented in Table 3 and Fig. 10, A
rearession of 19 af the samples gives an errorch-
ron of 2993 + 195 ma  (MSWD = 64) and LR,
0.7014 £ 6. Nine samples of the BG were selee-
ted from 3 dhtterent localities. Three samples at
each of these localities were thus collected with-
inan area of g 25 k' The BG s inpart guite
severely aftected by late pegmatite intrusions
and related hvdrothermal activity and a ven
carctul samphng had to be performed to mni-
mize eltects of thos event. Loc. 211 (see Figs. |
and 107, however, is situated relatively close to
an area of intense pegmatitization and some
pegmatite veins and dykes eut through the
gneisses ¢, 10 m away from the sampling sites.
The samples talling heneath the regression line
(loc. 211 Fig. 103 show a faint bleaching which
ney be due 1o hydrothermal activity associated
with the late pegmatites. Thus, we have omitted
loc, 211 in the eateulation of the age. as the
cttect trom Tater events probably have caused re-
cyuilibration of sotopes. The relatively large
deviation alse seen for some of the other same-
ples (large MSWD) s probably caused by the
same etfects,

Regiession through samples from each ot the
o Ivpes og gneisses results in guite large er-
Fors,

A

BG:

N4 by (MSWD =117.n=12)

7
A2 B 3ID Vv AMSWD =4d6.n =16)

[ B ¥
I+ |4

A maore careful Rb-Sr studv would possibly
reveal thermat events occurring around 2.7
by, as reported from northern Finland (Jahn
et al. 1984}

The age of 3.0 by, for the combined AG +
BG plot may be taken as the time of formation
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of the TTG suite. the very low LR, bemng
indicative of a mantle origin or & melting prod-
uct from basaltic crustal material of fimited
crustal residence time (Fig. 14} The close ag-
reement between regression lines for the AG
and the BG o indicate  probable  contem-
poraneity or a short time period between the
formation of the two tvpes of gneiss. Geoche-
mical considerations indicated a possible for-
mation of the BG by remelting ot AG-type
material (p. 00),

It the BG were formed by remelting of AG.
the maximum age for the latter is 3,1 boy, and
the BG could have been produced up to 300
m.y. later (see error-ellipses in Fig. 14). An
almost contemporancous origin for the AG
and BG could have occurred between 3.1 hyy,
and 2.7 by, and the common regression of 3.0
vy, is therefore compatibte with such an inter-
pretanon. Without the above limitation that
the BG are formed from the AG. the minimum
age tor AG is ca. 2.5 b.v.. depending on the
mitial isotapic composition of the  basaltic
source. It is tempting. however, to favour the
interpretation that the AG were formed at
around 3.0 b.y.. and that the BG were develo-
ped by remelting of AG duning o thermal event
300 m.y. lateratca. 2.7 boy,. which at the same
time capsed partial homogenizition of isoto-
pes in the AG.

T -
75— 1o o 1o
._‘.c‘;- “
.3-:_5"
070 L. e pg IS P,

Fig. 10 Rb-5r sotope evalution disgram lor the castern
gnerses Deotted lmes: Regression of BG and AG separately
(): Data not included in the regressions
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TABLLE 3a. RE-Sr matopic compositions
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The age and compositions of Ag and BG are
simulir ta those of rocks from two areas in Fin-
land: the Tojottamanselks Gnemses ol the
Koitelimen Region, northern Finlind., and the
Kivijarve and Nuavala Gneisses of the Kuhmo-
Suomussilmi Region. castern Finland. Jahn ¢t
al. (1984 weported o Sm-Nd age of the 1I'TG
suite of 3.1 hoyv @Nd = -3.7), whieh s miterpre-
ted as a possihle age of remelting of a pre-exi-
sting TTG suite which was tormed at ea. 3.0y,
by partial melnmg of basaltic erust. Phasotopes
(Rroner et all 1981, Jahn ot al. 1984y and S
isotopes (Kronerctal, TYST 1 however, give anly
vounger ages without the evidenee tor anv much
older crustal pre-tistory, the low eNd-value
could also be interpreted as being the compies-

Sample no Rbippmg [ S ppmi Rb*iSe* SPs e Sk 1
i — S
AR kanasvarn gn
Ha k] i KT 400 (. 71000 '
f R 0 AN T A 0nT257 ]
FM % ] 0T 071090 I
T3l 3l A w244 1,061 5
RIN] I8 S i34 eIt N
Q18] ) 333 TEEL 1718452 )
Ynt . 130 1148 i, O 3
20 an3 g3 A 12 073142 7
201hs3 T4 145 0 el 0TG5 3
20283 a9l %% (743 172863 1
ZHARY 36 138 {27y 0nTs 5
R 3] 122 1 354 72006 !
Hicnnaroavvi en
KB L 144 m 1 946 17807 &
21 lasi LI i 1, 24 1. T TR )
21Ths3 137 224 2 oas i TTus ] N
JlIeni ol i %] 01,7403 1
2dlam3 M 210 1 A7% Thad NN 1
2a[hy3 11 27 1 1 073147 7
24 1end P33 143 2 a0 {1 TNNRT fy
251aR3 92 s s TR LE] L
23 b3 W) 77 |.480 0.76012 7
281gnt << Ui 1820 0,752 f
Lavvaat v plutons
(O 22 833 10120 0 TRt ty
QYR 188 72 T O8N 0 29200 f
Hies0 276 23 6 Shr St 7
13480 a0 ) 116 173233 5
{38480 L €3 T TR "
L3nhst) a2 oh 3250 0762 o
Lt lant} a6 21 2442 H.7ATM G
RIS 5 s 12 8s 1013355 7
1 THs) 142 Wi 164 (. T3:N] &
1 65 1 230 17 23 A3 | fedns 11
13551 133 b 1] R 111610 N

tion of the basaltic souree material a1 3.1 by,
re.owith a LREE<(LILE-1lenriched natuie.

The Rb-S1oage of these Finmshy gneisses re-
ported by Kroner ¢t ol (1981) 18 20600 £ 250
m.y. (LR, = 070075 This is practically the
same age as that obtained on the castern gneis-
sev in Kautokeino, though with o somewhat
lower initial satio

The Tojottamanselkae Gnesses in North
Finlend may be equivalent in age to the AG
The Kivijiarvi- and Naavala grey gneisses in
castern Finland (Vidad et al. 1980, Martin &
Querrd 1984, Martin et al. 1985 3b) have viel-
ded Rb-Srand Sm-Nd agesof 2.83 bov. and 2.63
boy.. respectively, and LR, values which are
comparable 1o or somewhat higher than those
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FABLE 3. (continued) Rb-Sr Tsotapic compositions
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of the Kautokcino Gneisses. relative to the
mantle evolution curves (see Fig. 14). The ol
der gneiss has been interpreted to have acted
as basement tor the neighbouring greenstones,
and may have been correlatives of gneisses m
northern Finland and Kautokeino onginally,
The vounger gneiss is interpreted 1o he con-
temporancous  with associated  greenstones.
The gneisses in castern Finland may be compa-
rable with the BG in the Kautokeme region, if
the latter were formed ca. 30 m,v. afier the
AG at ubout 2.7 b.v, as discussed above.
Remnants of a source (mafic crust) have not
been found in northern Finland. The Kittilia
Gireenstones seem to postdate the tonalites
(Kroner et al. 1981} which probably acted as
basement for the former. and may be of similar

Rb* 5~ it o SEoa 1Y
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11 446 {1 72803 i
suln {1 D145 i
N.6YT V133 |
S AT 1 mINAY 7
~ 460 0107 14}
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ey 1) 0737260 2
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15497 L TINTS L]
1233 7R 5
LT 171309 1
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age to the Kuhmo-Suomissalmi Greenstones
(2.65 boy.. Vidal et al. 1950, Martin & Querrd
1954). A probable source for the Kautokeino
castern gneisses may be equivalents 1o the
casternmost enclaves of LREE-enriched ba-
saltic komatiitie rocks (Sadnabiei Formation),
s these show indications ot being older than
the gneisses. The lower greenstone tormation,
Baharavdujav'ri Formaton, within the main
greenstone belt has a difterent chemical c¢ha-
racter to that of the Sadnaban Formation and
Is interpreted 10 be vounger than the latter
The chronostratigruphic position of the Buaha-
ravidujavirt Formation mayv be similar to the
late Archaean greenstones in Finland: an al-
ternative is that the formation may be vounger
than these greenstones,
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TARLE b L ocation of samples for Rb-Srosotape snalysns
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Mapeasheet nocm the M T1Hasenes wogether with UM conrdimates are given

Sample no Map-sheet mo LEN oo
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24 ez ERA T
3 1932 ] S Ain
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134500 e i WAk
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Late plutonic massifs

Table 3 und Fig. 11 present the Rb-Sr resulis of
21 sumples of the Lavvoaivi Maxsifs. 19 of the
samples giving an ape of 1727 = 40 m.y.
(MSWD = 21. LR. = 0.7037). The Riedn-
ratjavtr Massif has been dated by Krill et al.
{1985) 10 1821 = 143 mov.. LR, = 0.703, An-
other intrusion further north within the green-
stone belt, the Datkuvarri Granodiorite, gives
anage of 1830 = 320 moy. and LR, = 0.703
(Krill et al, 1985). These varous dates are
compariable. with a quite narrow range of ages
or a single age for the intrusions with uniform-
Iv low initial ratios, indicating the primary
nature of these magmas: and thev are computi-
ble with the conclusions made carlier of deri-

Sample no Mapesheet no UTM-conrd
98] J9i | STTLA0K
RYTEE 19321 &03-512
JOM3 19321 S-S
ST FUT RN NE2LEDD
Jons3 1932} AS4.844
J6356 1832 I [LASIL
REATH 1832 i RLRS B
2687 s n w19}

l| l!’l‘ 0O QCLHrTeERce

Swaller massat within Vas Formation

Lar por masal witbin A2 Formanion

Yart of lirge masset wichm Bahweay dwaver Fin
1 arge masss) bordering Mast Formation
Serieller intracdon within widid feretiared
wnphiiholies.

1.2 m vuck dvke within quarizae of Masi Fm
Large massit wifun Mavt Formanon

Larve massif within Mavt Forstation

vation of the late plutons by partial melting of
basaltic material (greenstones).

Muasi Formation

lsotope resutts on 11 samples are shown in Fig,
12 and Table 3. The sediments ariginally con-
sisted of arkoses with o variable pelitic com-
ponent, but were subsequently metamorpho-
sed in middle to lugh amphibolite facies. The
age is calculated to 2033 + 90 m.v.. LR, =
(1.7017, omitting the three samples with high
Rb/Sr ratios. The three omitted samples may
hive been reset at later stages (loss of radioge-
me Srh. A possible reserting age of ca. [700
m.v. indicates the influence of fate intrusions,
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TABLI 3B, fcond. )
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"N
8]

Tvpe of decurrence

Large massif witlun gnetsses and'or
Ndadnahies Formation

Larue mastt bordering Sddnaba Formation
Staller infrusion within Mast Formanon

1 m fuck dyke within Mast Formation

(part of smaller intrusion)

! m tuck dvke wikhin Masi Formation

1 m thack dyke within Maw Formatton
Larger maxsif

Larger mayst

Interpreted

origin

Visdeani
Virfearm
Visdeani
Clabhraie

Farmation nurme

Av’gl Formation
Av'Er Formanon
Av'zy Forpmatinn
AvE Formation

Sarmple no Map-sheet no UTM-coant
A48 1932 v 1684200
SU8] 1932 v 204413
1235] &2 n S47-197
15181 132 1y #86- 300
J5881 1032 v fI83.30]
1608]) air v N2 I8N
16781 1932 IV 128421
17081 uix n 27418
Amphubelies

Low K'Rh

298 Uiz i 118378
NTSH 9320 112-324
NSl 193> §i (0728
16608 iwax i 275-252
Fiv 14932 0 HTA.548
Faz 1032 ¢ SO EOT
NN/ 1942 1 S47-562
j00x] a2 1 53334
Ia2st 1912 iy YR]-323
l1ais! 982 IV 02603461
High K'Rb

2280 jaia v 010782
16080 1852 1 G828
G585} 1932 v QUSR8

Sidnabay Formation
Sidnabart. Formatlon
Sckdruthart Formation
Av' 2 Formation
Av' 2 Formation
Baharav'dugav'ry Fm

Undifferenntated
Havaltic kemariite
Uneitterennared
Verlearn
Crahiwoie
Virlcanie

Ciahbrow Av 2 Formation
Guhbroie Ava Pormation
b Av i Formation

The interpretation of an age obtained on met-
asedimentary rocks is difficult. The provenance
area for the sediments may have been underlain
partly by Archacan tonalitic gneisses and partly
by amphibolites of difterent ages. The sed-
iments will originally represent mainly a detrital
mixture of plagioclase. quartz. mica and argilla-
ceous erosion products. and different propor-
tions of these phases will cause the sediment to
contain varving relative amounts of radiogenic
Sr depending on the Rb concentration relative
to Sr. On a broad scale there will be a positive
correlation between Sr7/Sr* and Rb*/Srin the
original sediment. The dotted line in Fig. 12
represents the isotopic composition of detritus
at 2.0 by, assuming a provenance area compo-
sed solely of the AG and BG type gneisses (sce
p- 138). This starting point is improbable as the
age would then be too low (granites of 1700 m.y.
intrude the sediments). If the age represents

metamorphie resetting an I.R. of ea. (.79 would
be the result. which is very high compared to the
one observed. The other limiting factor is that
highest amount of radiogenic Sr contained in
the sediments should correspond to the average
S8 of the gneisses at 2.0 b.v. Starting com-
positions would then lie close to the stippled
ling in Fig. 12. and the [.R. would have lain
within the range of error of the date attained for
the Masi Formation.

The real initial compositions,  however,
would more probably scatter between the dot-
ted and the stippled tines in Fig. i2. e, a
mixture of argillaceous erosion products of
average gneiss compasition (stippled line) and
coarser detrital grains from difterent gneiss
compositions (dotted line}). The expected re-
sult would then have become meaningless,
while a metamorphic homogenization would
have resulted ina too high LR 0.72), A large
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amount of basiltic matertal, as source tor the
sediments. has to be mterred to account for
the observed low LR, tor the sediments

[n Fig. 141t can be seen from the LR, that it
the age of ea. 2.0 oy, represents the time ot
sedimentation, then a nusture of amphibolite
and gneiss material must have constituted rhe
provenance arci. However, this would have
resulted in a large seatter of inital sotopic
compositions m the origin sediments and a
data set fitting a regression line could not have
-been obtained. The relatively good tit of the
data to the regression hine, however, implies a
probable homogenization of 1sotopes during
the medium to hegh amphibolite facies meta-
morphism. The age of 2.0 boy s thus probably
a minimum age of sedimentation. It the “bulk
carth evolution line” in g, 14 represents the
lower limiting initial composition, i.¢. basil-
ne material of a similar RS ratio as this
line, then maximum age of sedimentation is
2.1 by,

Amphibolites

The present study of amphibolites was underta-
ken to mvestigate the natwre of secondary en-
richment of Kand Rb, which ss accompanied by
a signticant lowenng of the K/Rb ratios trom
mantle values CH0-HIH down to 200-300 (Fig,
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13b1 Ten samples from appatently chemically
abtered amplubalites (Fig. 13b) were analyzed
for Rb-Srisotopes « Tuble 3 and Fig. La). Three
of the samples (53, FIT and F32) are lrom the
Sadnabwi Formation, one (163¢) from the Ba-
haravdujan i Formation, while the rest beleng
ty the A2 Formatton. The Ava samples m-
clude four metavoleanic rocks 129, 87, U8 and
100y and two medum-grained homogencous
amphibohies of gabhroie origm. A regression
through 8 of these samples (kg Ta) gives an
errorchron of 1950 = 90 .y, LR, = 0. 7023
IMSWD = 42,

Three simples of amphiboelitic metagablyoic
rocks from the Avzi Formation have normal
mantle K Rhvalues ¢ 300), These are also plot-
ted in Fig. la and a significant deviation trom
the regression line of the low K Rb sumples is
observed. This implies that a probable process
far the secondarvintroduction of K and R may
have occuned some time adter the formation of
the onginal gabbroie basaltic material. The age
obtained is thus interpreted as the time of meta-
morphism. Skiold & Chit ( 1984) obtained a Sm-
Nd age of 1932 = 45 m.yv. on amphibole and
plagioclase from metabasattie rocks belonging
10 the Kiruna greenstones. This must be o meta-
morphic age. and agrees very well with the Rb-
Sr age obtained in the present study,

miles

LAVVOAIVI GRANITIC MASSIFS

1.0
(87Sr)j
8651l 17272 40my. (n=19)
‘ MSWD = 21
9- |.R.= 0.7037+4

" l 15 | 4

S T - -

5 87Rp/86s 10 15

Fig. !1. Rb-Sr isotope evolution diagram for the [avvaai™i plutonic massits
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Fig. 12 Rb-Sr potope evolution diagram for the metased-
mentary rocks ol the Mast Formanon, "REGT indicates the
notopic composinen of Kautokemo Eastern Cineisses 2.0
by ago (AG + BG, see Fre. 101 Dotted line 1satopi
compositions of mikeral constituents in KEG, 20 by ago
Dasiwd lime. Hypothethical isotope compositions of a rixture
of argiliacoous grosion products derived trom KEG 22000
420

Sununary

The motopic results are compatible with the
conclusions drawn from the major and trace
elements, und ~how the primitive nature ot
hoth the castern gneisses and the young pluto-
nic massits within the greenstone belt, The
tormer have therr equivalents in Finland, both
inage and m composition.

No concluston can vet be reached concerning
the relationstup of these rocks to the assovia-
ted greenstone belt. but the source material
may hive been equivalents of the amphibaolitic
enclives which oceur within the castern gneis-
sesand have possible connections with the belt
{Sadnabat Formation).

The dates from the young plutons also con-
firm the geochemical interpretations made
carlier. The melting of amphibolitic material
occuned at depth during a relatively late stage
in the Svecolenman orogeny

[Me age derived from the metasediments and
the amphibolites are of similar magnitude. and
are interpreted 1o represent the age of meta-
morphic homogemzation of isatopes and of s1-
mulianeous secondary introduction of K oand
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Rb. The three samples which have retined high
K Rb ratios show that the RWSr range is quite
close tothat representing the "butk carth evolu-
tion line” in Fig. 14, The S¢S ratio for the
bulk of the amphibolites may thus have develo-
ped close to thisline betore eventual metamorp-
hi¢ alteration. The opginal formation of the
amphibolitic material therelore probably can-
net be traced by the Sr-isotopes.

[t the interpretation of these ages s correct. a
maximum age of 2.1 bov for the sedimentation
of the Musi Formation is implied; but then very
little erasion products from the now partly bor-
dering old gnetsses i this southern region were
invobved. The regionally extensive presence of
fuchsite in the metasediments also indicates that
extensive metavoleanic units, ingluding larger

AMPHIBOLITES o
—13
8750 1BES -
— 73 i 1950 £ W0y ins 6 }

w’ MSWD s a2
| M= 070231

& e
-

F P o pnr Hu e |
- e
montd wolues
. LLH
. .
. ]
| 1 i |
. . .
" |
a 5.7
i
| ALl
#-‘" & "ol ppy
< = T —1
N 'y
50 60

b 0 20 30 0

Fig. 13 o) Rb-Srisatope evolution diagram tor metavoleani-
tes: O K Rb 150-40), ~: K/Rb = §H) by K-Rh plet for
amphibolitic volcanites. Ditferent K/Rb ratios are indicated
Underlined numbers: Sample no ., ret. to Table 3 and Fig.
13a
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amounts of komatiitie rocks, almost e¢rtainly
constitwted the provenance arca (souree of Cr )
The latter may have been composed in part of
equivalents ta the Buharay dujavn and Sadna-
biei Formations. Siedlecka {(1984) reported a
high Nk ratio for the Mast Formation. which
mav be attnbuted o ¢rosion praducts mainly
trom basie material

The maximum age tor the Av'z Formation,
which was deposited above the Masi Formation,
i thus 201 by A summary of the results and
interpretations s given in Table 4.
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Discussion and conclusions

Thesimilanity between the Kaunekeino and Fin-
msh gneisses. both compositionadly and geo-
chranologically. supports the hypethesis that
the Archaean craton extended mto. and is pre-
served m West Finnmark Fhos the possibility
exists that Archacan greenstone belts may ilso
be tound i Finnmark,

Four voleanie tormations have been detined
in the Kautokeino Greenstone Belt. All of them
are similar in the character of their voleanie

- BIENNARQAVY! /‘
GNEISSES ,
- 710 7\ /
" S
= (875r/865r)e
AKKANAS
s VARR!
708 GNEISSES A
L «“‘"“--J/ .
\/ r[ f
- 706 BG - /
o [ / .
( , |/ "
' __/' - -
4 }/ ; -
= .704 /

.- Late plutens

wio® o3
2= (n e\f%\b,gr ’
Bulk € B

v -

" TAmphibelites
Masl Formation

3.0 T(b.y) 2.0 1.0
i | 1 I . 1

Fig. 14, Imual St isotope compositians versus gge 1or the ditterent rock units deseribed. Frnmish gneisses are included for com-
parnon (KG = Kivijurvi Gneisses: NG = Naasala Gaesses; 1G = Tojottamansilka Gnersses): KEG = Kautokemno Eastern
Grnetses; AG = Ak kanasvarri Gneisses: BG = Biennaroavys Gneisses. Dashied lines comprise the manin range of composition
of amphibolites which may posably be present in the Kastokeino region, Dashied elfipses comprise possihle comhinations ot
ages amd 1 R s secording o uncertainties of the regression (2 evel). Davhed area represent the possible ages and IR s if BG
has heen formed from AG either by partial melting of the latler or by tractionation from the AG-melt



NOU-BULL. 403 1

activity starting with basaltic eruptions and end-
tng up with tff. tutfiee and sediments. Chemi-
callv, howeser. they ditfer in the existence or
amount of Komatittic lavas. which have not been
observed in the Stuora)ay ri Formation, and i
the chemistry of the komatitic rocks. The Sad-
nahier Formation contains basaltic komatiites of
a ditterent chemical nature. and s interpreted
to represent an carlier episode of voleanism
than the Bitharay 'dujav'ri Formation. Carbona-
te rocks. which are very common in the Stuora-
v Formation. are with fow exceptions not
ubserved in the Avizi Formation. The amount
of carbonate present indicates varying condi-
tions during sedimentation,

The AKKanasvarm Gneisses show infrusive
relationships to the Sadnabiei Formation. which
may represent equividents to the souree mite-
rial tor the gneisses. These enclines within the
gneisses, which can be followed towards the
maun helt, may be part of the Baharav'dujav'n
Foarmation in the easternmost zone of the latier,
Together with the gneisses they probably con-
stituted @ continental crust (hasement) during
the deposition of all the younger tormations.

The Sadnabai Formation eontains voleuanic
rocks of sinular chemical composition to the
voleanites which censtitute a targer part of the
Gal'denvarrt Formationto the north {Soelli
19533, However. where this formation accident-
Iv lies in contact with the Baharavdujav'n For-
mation, it would probably be dithicult 1o
distinguish the two separitte tormations,

The Baharav'dujay ' i Formation iseomposed
ot about 30 % Kamatiitic rocks with characteri-
stically high MgO-contem {up to 30 %2 ). oceur-
ring ina rather narrow zone northwards trom it
npe arca. It is correlated with similar rocks
oceurnng close 1o the Eastern Gnerss Complex
and stratigraphically underneath the Mast For-
mation. The amount and composition of the
komatites and the old basement gneiss complex
are similar to those in the eastern and northern
Finnish Late Archacan Greenstone Belts (da-
ted o e 200 bovy and may be conrelated with
them
The Favrusjak Gneisses of the Raisiedno Gneiss
Complex have a relatively high amount of veins,
lenses and bands of granitic or pegmatitic mate-
nial. The probably have in part anintrusive rela-
tionship to the supracrustals, but they are also
cut by vounger intrusion ( Riednjajay ri Massif).

I'he Av'21 Formation. regionallv. has indica-
tions of having been deposited unconformably
upon the Masi and Baharaw™dujav'nn Forma-
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tions, starting and ending with sedimentary se-
quences. Locally. the lower parts of the voleanic
units may contain thin komatiitic lavers. The
age of depesinon of the Av'2i Formation lies in
the range 1.9 - 2.1 buy.. the higher limit being
the maximum age for deposition of the Masi
Formation,

The main regional metamorphism of the su-
pracrustals occurred at 1.95 £ 0.1 hov e, garly
m the Svecotennian orogenic period. This age is
comparable to metamaorphic ages obtained on
the Kiruma Greenstones and on the lower volea-
nie unit in the Holmvatn Group { Pharaoh et al,
19823,

The Caravarri Formation shows indications of
having been deposited unconformably on older
quartzites and now altered amphibolites along
the eustern border (it Gaedjan'ri). with argillites
or sandstones’ siltstones, locally with debris
flows. overlying this basement. These features
probably imply that the formation. in this re-
gion and northwards, must be different and of a
later deposition than the uppermaost part of the
AV'2i Formation which lies concordantly upon
the voleanic rocks.

Ohservations by Holmsen et al. (1957) also
poeint 1o asedimentary contact at Gagjav'ri, in
thit & possible svaformal structure in the Cara-
varn Formation is indicated in one of their il-
lustrations  SSW of the lake where  the
underlving argiltites (corresponding to the Bik'-
kacakka Formation, Siedlecka et al. 1985) reap-
pear (Fig. 2h).

Further north trom the northernmost limit of
our present area. the observed basement for the
Caravarri Formation wedges out against a fault
breccia, which m the south separates the volea-
nite helongmg o Lik'éa Formation from this
hasement”, To the north this fault cuts into the
Caravarn Formation and separates it from the
voleanie rocks. A simular base (of older quarzi-
tes), or remnants of i, is possibly present west of
the formation. along the breeciated contact to
the Caskepas Formation (correlated with the
Stuorajay’ri Formation), separating it from the
voleamce sequences 1o the west.

The nhove observanons may indicate an early
event of busin tormation and sedimentation pri-
or to a more intense bloek faulting and ritting
with subsequent valcanism and deposition a
the Stuorajav't and Lik¢a Formations. These
relationships are illustiated in Fig, 2h,

The Stwonmav'nt Formation. consisting of
tholentic hasalts, caurbonates, wft tutfites and
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TAHLE 3 Summary of geochsonulogical results and interpretstions. Tmphications for ditkerent Tormations conssdering all evidence

argillites. may have heen deposited along an
active faubt margin to the cast and on a plattorm
10 the west. Noithwards (north of our map-
arcal. this possible active tault margin may part-
Iy be represented by the hieceia zone deseribed
from Cuol'bmajay'ri against the contaet te the
Caravarri Formation and its possible hasement
of quartzites. The western contiact of the Stuera-
[avn Formation mav be primary depositonal.
unconformably overlying the Mast and Ay
Formations (part of the Cas'Kejas Formation,
see Siedlecka et al, 19851 These may still. to-
gether. make up one series ot tocks. the Cas'ke-
s Formation. but we preter o place the
Stuerpiay ' Formation in a later eprsade afte:
the main metamorphism. Sandstad (in prep)
concludes on nunetal-chemical grounds that
there is a continuous E-W metamorphie gradi-
ent eastwards from the margin against the Ris-
adno  Gnaeiss Complex,  the  temperiture
conditions becoming equivalent o verny low
grade” metamorphism in the voleunie sequence
correlated with our Stuorapn 't Formation, We
swint more detwled studies on minerat equili-
bria before an eventual metamaorphic gradient is
deduced. and believe that the present data do
not show any detinite metamaorphic gradient.

| mieTpretabony Age-lmits Prabvable Iaterpreted
Regressin ibow | of ProCEsses Of tormuhon pre lerres) Mmechanmm Correlations
furmation or comples this papern: diated ths i we by | of formatnm i Famdand
h— ™ - =

Sadnabas Fax 3.7 LR Hasi vole y

A hanasy wrri I3 200 Ihermial re Melung of basi Terpottamaume ka

Ginesses equilibraton A ca M Matenal Cingisses

Hignnarogs g Kuvijarv Gres

Dneses FESE NI Fermatim LT @ i7 Melnmg of AG Camissics

Paaially Kateila o

Hahuray dujas 1o AR r Hasaltw solc Kuhmiy

Fm Gireenstone Sucmuss almg
Erpmion prosugts

Maxi Fm BRI MMetamorphism 14 30«2 from maindy basic Na commidered
e il

Amphibofires 1 L4010 Metamorphisin Y [Miabase znd hasie Pamially Kairnla

Av'h Fm 14 B2 woleanites Careunstimics
s produsts

Caravami Fm i% (R Froen adl the shose Bt germside tead
okt s

Stworajas 'n Fm | % R I Mabase baae vale

Late plutons 72 £043 Fosrmuation I ag | T8 1.2 My lime of basig
mate sl

The range 10 componition of amphibolites pre-
sented mternadly tor individual samples s al-
maostas large as the entire range abtained, and
can thus mest probahly be iseribed 10 retrogra-
de ettects. Alsa, there s no systenvatie conela-
ton  between  amphibole  compostion and
thstanee frem the gneis complen. Using
Sundstd™s dita more carcfudly, i our apimon
they may speak more in favour of a metamonp-
hic break o the cas

The very intense breeciation-alteration events
must he younger than the mam metamorphism
(e, nat be tollowed mto the arci underlam by
the Stuoraas n Formation.

stromberg (1978) reported mapnr NW.SE-
trending hneaments on the Baltie Shield which
are of a transtormatl nature with strikesship mo-
vements. He related them toimpontant voleano-
penmie and ore-torming cvents. Bemg active
during most orogenic events. they have resulted
in the tormation of aulacogens in connection
with orogenesis. Brecciation (and shearing) is
most mtense along NW-SE-strikimg hineaments
in the Kautokeino region (left-laterad move-
ments), Phese tractures can be related 1o carly
rifting and tormation of an aulacogen. with sub-
seguent tholentie voleamsm.
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Several attempts have been made at dating
correlative greenstones, both in the Kvienangen
Window (Kvenvik Greenstones) and in the
Komagfiord Window. Gautier et al. (1979) ob-
tained K-Ar dates showing a wide range. but
with @ majority of 1the samples falling below ¢,
1300 m.v. Pharaoh et al, (1982) reported o K-Ar
age of 1980 m.y. for the metamorphism ot the
amplibolites, 1 the fower voleanic wiit in the
Komagtiord Window, Fhe K-Ar system showed
no signs of Caledonian reworking. They also
mention 4 RSt age of 830 mLy, obtained on
greenstones of the upper veleanic wii {Nussir
Group). and attribute this 10 "almost centainly’
being caused by Caledomian reworking. (The
Srisotopes, hawever, are more ditficult to dis-
turb than the Asvstem) Krill et al, (1985)
present i Rb-Sroage of 1135 = 880 m.yv. on the
Kvemvika Greenstones in the Kvienangen Win-
dow,

The young ages reported may be real ages it
our interpretation for the Stuorajav’n Forma-
tion is correct and this tormation 1s correlated
with the Kvenvika Greenstanes and the Nussir
Group.

The eventual rifting may be either a late de-
velopment an connection with Svecofennian
orogenesis. oran early event in the Sveconorwe-
gian orogenesis. The latter could then indicate a
carrelation with the earhest Telemark supracru-
stals. and on the American continent with the
formation of the Mid-Continental Rift and effu-
sion of the Keweenawan Voleanies. 1n this con-
nection the young ages reported. as mentioned
above, fit with the latter interpretation.

T'he observations and indications which have
led us to the hivpothesis of a relatively late rift-
formimg event. clearly have be proved or dispro-
ved. More geochemistrv. metamorphic petrolo-
av. agedating and structural analysis need to be
carricd out in more detail to help solve the proh-
lems. and 11 remains to be seen if our abserva-
tions turn out 1o be cotneidental and products of
other effects rather than resulting from major
geofogical events,
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