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INTRODUCTIO 

The bedrock for the general geologie map oE Inari- Utsjoki was mapped on a 
scale oE 1: 400 000 by the Geological Survey in the summers of 1955 to 1962 inclusive. 
The field studies were supplemented by excursions lasting for a few weeks each 

summer from 1963 to 1972. In the course oE these, sampies were gathered for age 
determinations, and tectonic observations were checked. The geologie map of the 
area was published by the Geological Survey in 1965 (Meriläinen 1965). 

The original intention was to publish a general geologie map oE Inari-Utsjoki 

together with an explanation to its rocks and a special study of the granulite complex. 

However, in 1963 age determinations were added to the programme, thus necessi

tating a shiEt in emphasis. Not on ly were rocks to be described but also, and most 
important, the stratigraphy and some tectonic structures were to be established by 
means oE tee tonic elements and information from dating. 

The study area in which the granulite complex predominates comprises some 
24000 km 2 in Finnish Lapland. It is located between latitudes 68°20' and 700 10'N and 

logitudes 24°20' and 29°25'E. The location and main geological Eeatures oE the area 
are shown in Fig. 1. 

Previous investigations 

The systematic investigation oE North Lapland began in 1866 aEter the discovery 

oE gold in gravel on the banks oE the river Tenojoki (Lai ne 1952, 1955). A . M. 

Järnström, who had investigated the bedrock over a large area of Inari and Utsjoki as 

early as 1868, was given the task in 1872 of carrying out geological and mineralogical 
studies directed at revealing the source of the gold. The result oE his work was the 
first significant study oEthe bedrock oE orth Lapland. 

In his study, A. M. Järnström (1874) described the granulite complex and its 
immediate environment. AEter examining the problem of the granulites oE Saxony, he 

applied the term granulite to the garnet gneisses of North Lapland. He distinguished 
five granulite varieties. For those who are familiar with the granulite complex oE 
North Lapland, his descriptions are informative. On the basis oE his field studies, 

J ärnström interpreted the granulites as metamorphosed sediments. 
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1-<-<1 Granite gneiss complex 

~ Apukasjärv i (A} , Vätsäri (V) and Kuorboaivi (K) schist zones 

k°::j Granulite complex proper 

1:;:;:::;:1 The marginal zones of the granulite complex 

1=_=1 Wesf Inar i schist zone 

1:·:·:1 Gabbro mossifs of Tsuomasvoaro,Vetsijoki ond Petsikkovaot'o 

_ Vaskojok i anorthosite 

~ Heita (H) and Kyyneljärvi - Voinospää (N) granites 

Fig. 1. Locatioo of study area "nd main features of bedrock. 
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The studies by A. F. Tigerstedt (1882) in the northeastern parts of the granulite 

complex (Finnish territory) and the mapping of the bedrock of North Lapland from 

1898 to 1908 added nothing essentially new to the granulite problem. The geologie 

map produced by J. J. Sederholm (1897, 1911) reveals, however, a pattern of the 

bedrock of North Lapland and the whole of Finland that is roughly equivalent to 

that of the present day owing to the influence of concurrent investigations carried out 

elsewhere in the country. 

In the o pinio n of Eskola (1932), the acid granulites are magmatic and form, 

together with the basic and ultrabasic r ocks of the granulite complex, a differentiation 

series: 1) peridotites, 2) norites, 3) hypersthene quartz diorites, 4) acid granulites, 

5) granulite aplites. According to Sahama (1936), Eskola's classification was as folIows: 

1) peridotites, 2) n orite granulites, 3) charnockite g ranulites , 4) plagioclase granulites, 

5) n ormal granulites and 6) laanilite granulites. Later, E skola (1952) accepted a 

sedimentary origin for the acid g ranulites. Eskola observed no relict structures in the 

granulites indicating that they were derived from either plutonic rocks or sediments. 

Hence, he based his interpretation on chemical analyses , on mineral compositions he 

investigated microscopically, and on special varieties such as graphite- and sillimanite

bearing g ranulites and diopside-bearing gneisses , because he feit that it was n ot 

possible to convincingly establish the origin of the acid granulites merely on the 

basis of their chemical compositions. In Eskola's opinion, the ultrabasic granulites , 

i.e., the ultrabasic r ocks of the g ranulite complex, are perid otites and p yroxenites in 

chemical composition; the hypersthene diorites (charnockites and enderbites) are 

plutonic r ocks, w hereas the basic granulites , w hose compos itio n corresponds to that 

of basalts, andesites and dacites , are probably volcanic lavas, sills or dol erites . 

J. J. Sederholm (1932) interpreted the g ranulites as mig matites that formed when 

the granitic magma intruded the older granites , gneisses, metabasites, anorthosites 

and sedimentary schists during intense tectonic movements. 

E. Mikkola (1928, 1932, 1941) and Th. G. Sahama (1936, 1945) commonly use 

»granulite series» or »granulite formation» in their works but mainly as descriptive 

terms. However, it is eviden t that Sahama (1945, p. 43) considers the g ranulites as 
plutonic rocks. 

K. Meriläinen (1959) has advanced the opinion that the acid garnet gneisses are 

largely derived from various psammites (greywackes, subgreywackes, plagioclase

bearin g quartzites) and pelites. Volcanic materials in the form of lavas, tuffs and 

possibly sills also occur locally among the sediments. The plutonic rocks are 

peridotites, n orites, pyroxenites and quartz diorites. 

The metamorphism, i.e., granulitisation , of the roc ks of the granulite complex of 

Lapland, has been investigated chiefly by P. E skola (1920, 1929, 1939, 1946, 1952, 

1957, 1961 ). Since then , a short study has been published by K. H. Scheumann 

(Scheumann , Bossdorf and Bock 1961), w ho has long investigated the granulites of 

Saxony. Under the guidance of the present author, Scheu mann spent some days 

studying roadside outcrops (garne t-cordierite g neisses and coarse-grained garnet-
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quartz-feldspar gneisses) in the eastern part of the granulite complex. However, it is 
beyond the scope of the present study to discuss granulitisation as a phenomenon of 
the granulite facies. 

The large-scale tee tonic and stratigraphie features of the bedrock of North Lapland 

were first presented by J. J. Sederholm in his geologie maps of Finland and 

Fennoscandia on ascale of 1: 8 000 000 (1911 b, 1932), 1: 2 500 000 (1897) and 

1: 2 000 000 (1911 a, 1929). In these, the granulite complex and the area to the east of 

it are usually classified as Archean formations analogous with the granite gneisses and 
gneiss granites of East Finland. 

Sahama (1945) considers the granulite complex as eruptive rocks. According to 

hirn, the complex assumed its present mineral composition, that is, became granu

litised, after the intrusion of the late Karelian Hetta granite but before the emplace

ment of the postorogenie granites (Nattanen, Lohivaara, Pomovaara). 

Simonen (1960 a, c) consideres the granulite complex as part of a granite gneiss 

complex that was granulitised during the Karelian orogeny. The tectonic map of 

Europe (Holtedahl, Kratz, Magnusson and Simonen (1964) includes the granulite 

complex in the Belomorian, i.e. formations older than the Karelian, whose rocks 

were granulitised during the Karelian orogeny. 

Von Gaertner (1962) is of the opinion that the rocks of the granulite complex are 

older than the Karelian and probably also older tr,an the Belomorian. 

Quartz orientation diagrams and macroscopically visible lineations studied by Th. 

G. Sahama (1933,1936) reveal that the granulite complex was deformed in two stages. 

The macroscopically visible lineations indicate that during the first deformation phase 

the movements were directed as differential overthrusts from NE to SW. In 

the northern parts of the complex, the direction of overthrust was ENE ~ WSW, 

but farther south the direction changes to NE ~ SW and finally to NNE ~ SSW in 

the eastern parts of the complex . On the basis of the quartz orientation diagrams, it 
can be concluded that a lineament with a northeast orientation was formed in the 

northern parts of the complex and a lineament with a northwest orientation in its 

central and southern parts during the second granulitic deformation phase. 

According to Kranck (1936), microtectonic structures (including those based on 

the forementioned quartz orientation diagrams) can only be applied with great care 

when large-scale tectonic structures are analysed. lt may indeed well be that the 

micro- and macrostructures observed in a mass as huge as that of the granulite 

complex are formed during only one movement phase. In the light of observations 

on the structural geology, Kranck presumed that the granulite complex was a gigantic 

movement zone whose rocks were all uniformly metamorphosed. The mechanical 

deformation was probably synchronous with the granitisation of the rocks in the 
complex, although the main phase of the deformation took place after the 

granitisation. Later, the granites and pegmatites again intruded and injected the 

sheared rock complex. The granulitisation took place deep down in the earth's crust 

during the horizontal movements and the whole shear zone acted plastically in 
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relation to the masses above and below it . Conditions such as these appear to arise 

chiefly in the upper parts of the uplifting granitising zones . In Kranck's opinion, the 

strike of foliation and the directions of movements suggest that the granulite complex 

and the Petsamo formation deformed simultaneously. 

Väyrynen (1938, 1954) suggests that the westward movements, as demonstrated 

by Sahama's quartz orientation diagrams, were of the Rückfaltung type. The position 

of the granulite complex in the Karelian zone indicates that its main deformation 

phase was contemporaneous with the folding of the Karelian formations accompanied 

by movements directed southeastward. 

The bedrock southwest of the granulite complex, which is included in this study, 

has been investigated by E. Mikkola and Th. G. Sahama (1936), Th. G. Sahama (1945) 
and V. Marmo (1960) . These are all special studies. The first one deals with ultrabasic 

rocks, the second with the trace elements of the rocks in Central Lapland and the last 

with the Pahta-Autsi serpentinites in the headwaters of the river Repojoki. In addition 

to these special topics, the bedrock of each investigation area is briefly described. 

Previous knowledge of the area east and northeast of the granulite complex is 

based almost entirely on maps (e.g. Sederholm 1932, Eskola 1952, Simonen 1960 b, 

Meriläinen 1965). The only pu blication worthy of note with a description of the rock 

types is that by A. M. Järnström. 

Radiometric dating of the rocks in the study area has been carried out mainly at 

the Geological Survey of Finland (Annual Reports on the activities for the years 

1964- 1974). 

The present study 

This study describes the rocks in northern Finnish Lapland, the stratigraphy of its 
supracrustal rocks, some tectonical features of its rock complexes or areas and the 

geochronology. It also includes a short summary and discussion. 

THE GRANITE GNEISS COMPLEX 

The granite gneiss complex is marked by the monotony of its rock types, which 

are mainly migmatic and veined granite gneisses and g neissose granodiorites, quartz 

diorites and g ranites. The monotony is relieved by sporadic supracrustal rocks 

(quartz-feldspar gneisses, biotite gneisses, hornblende g neisses and amphibolites). In 

addition, a few ultrabasic intrusives have been encountered as have also locally 

abundant occurrences of diabases and granitic pegmatites cutting all the forementioned 

rocks. In places, the supracrustal rocks form small zones wirh which the ultrabasic 

rocks are usually associated. The granite gneiss complex and its tectonic structure 

suggest that at least some of these zones are parts of the Apukasjärvi, Vätsäri and 

Kuorboaivi schist zones, and hence, they are described in conjunction with the rocks 

of the schist zones in question. 

212824- 7 5 
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- . .....,;;:.:.-- -~ -

Fig. 2. Foldcd and l11 igl11atised gran ite g neiss. Inarijä rvi, Touris
saaret. Photo K . Meri läinen. 

As a whole the granite gneiss complex is homogeneous. However, in the outcrops 

its rock types, in par ticular the granite gneisses, but often also the acid and inter

mediate infra- and supracrustal rocks, are heterogeneous, strongly folded migmatic 

veined gneisses cu t by granite and granitic pegmatite veins (Fig. 2). Hence, it was not 

possible to estab lish whether the granite gneisses were originall y infra- or supracrustal 

rocks, and they are treated as aseparate group. 

Granite gneis ses 

The granite gneisses are encountered throughout the granite gneiss complex, but 

most typically in and around the lake Inarijärvi, in the centre of the complex. They 

are very well exposed on the shores of the lake, so much so that a great diversity of 

structures can be recognized and traced, e.g., streaky, banded, veined-gneissose, 

agmatitic and brecciated structures . The veined gneiss structu res is due to the irregu

lar, light -coloured, biotite-poor or biotite-free veins and dark bands or schlieren in 

the rock (Figs. 3 and 4). Their boundary with the host rock is sharp or gradual. 

Locally light-coloured veins predominate in the rock. The g ranite gneisses grade into 

acid and in termediate infracrustal rocks (granodiorites, quartz diorites and granites) 

and supracrustal rocks. Varieties containing potash feldspar porphyroblasts occur in 
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Fig. 3. Granite gneiss. Inari järvi, Kotkavuono. Photo E. Halme. 

Fig. 4. Folded and veined granite gneiss. lnari järvi, Palkissaari. 
Photo K. Meriläinen. 
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Table 1 
Mineralogieal eomposition of granite gneisses. 

Quartz . . . . ............. . 
K-feldspar .. . ........... . 
Plagioclase ............. . 
Biotite .... . . . .. . . ...... . 
Muscovite .. .. ... . ....... I 
Chlorite ................ . 
Hypersthenc ...... . ..... . 
Aeeessorics .............. I 

34.9 
8.6 

48.5 
0.6 
3.1 
1.9 

2.4 

1. Inari, Surnuvuono, Mustavaara, 68/KM/60. 
2. Inari, Petsijärvi, 22/PV /58. 
3. Inari, Virtaniemi, Terva vuono, 109/KM/57. 

32.2 
10.1 
53.7 

2.3 

0.8 
0.9 

23 .7 
7.7 

62.3 
2.5 
2.4 

1.4 

the environment of the Apukasjärvi, Vätsäri and Kuorboaivi schist zones and the 

development of porphyroblasts was obviously concurrent with the development of 

porphyroblastic potash granites in the same areas. The typical granite gneisses are 

often intensely folded, particularly in the Inarijärvi area. 

The granite gneisses are granoblastic and often also catadastic in structure. In 

their mineral composition they are guartz-plagioclase-biotite rocks (Table 1). Potash 

feldspar is sparse, but when more abundant it is due to the introduction of potash 

feldspar-rich veins. There are usually a few percent of biotite. Some epidote is often 

found and occasionally hornblende. Accessories are apatite, zircon, titanite, allanite 

and opagues. 

The granite gneisses were probably formed through migmatisation from acidic 

supracrustal rocks as weil as quartz diorites, granodiorites and granites. 

Supracrustal rocks 

The supracrustal rocks of the granite gneiss complex are guartz-feldspar gneisses, 

biotite gneisses, hornblende gneisses and amphibolites . They often grade into granite 

gneisses and infracrustal rocks, in which they also occur as small bodies and relicts. 

The supracrustal rocks were metamorphosed largely under the conditions of the 

amphibolite facies, but sometimes also under those of the epidote-albite-amphibolite 

facies. 

Quartz-feldspar g neisses 

Quartz-feldspar gneisses are grey in colour, sometimes wirh a slightly pinkish hue, 

and flne- to medium-grained (0 = 0.5-2 mm) rocks. Foliation is moderately devel

oped, and locally relict bedding has been preserved as dear banding parallel to the 
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Fig. 5. Interbedded quartz-feldspar g neiss and hornblende gneiss. 
lnarijärvi, Tervavuono. Phoro K. Meriläinen. 

foliation. The layered structure is emphasized by the alternation of quartz-feldspar 

gneiss bands with mica gneiss bands and occasionally even with amphibolite and 

hornblende gneiss bands (Fig . 5) . 
The quartz-feldspar gneisses are granoblastic. Their main minerals are quartz, 

plagioclase and biotite. In addition, some feldspar occurs and occasionally also 

hornblende. Accessories are apatite, epidote, allanite, titanite, opaques and zircon . 

Macroscopically and in mineral composition the quartz-Eeldspar gneisses oE the granite 

g neiss complex are similar to those in the marginal zones oE the granulite complex 

and in the schist zone oE Apukasjärvi, Vätsäri and Kuorboaivi (see Tables 4, 27 and 

31). It is probable that the quartz-Eeldspar gneisses were derived largely from arkose 

sands. 

Biotite gneis ses 

Biotite gneisses are grey, fine- to medium-grained (0 = 0.5-2 mm) rocks with 

well-developed Eoliation. They commonly display the banded structure oE intensely 

folded veined g neisses. The banded structure is due to the relict bedding oE the rock 

(Figs. 6 and 7). 
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Fig. 6. Biot ite g neiss with rel ict bedding. D arker layers are 
often hornblende bearing. Inarijärvi, island at western edge 

of Varttasaa ri. Photo K . Meriläinen . 

Fig. 7. H o rnblende gneiss and amphibo lite bands in biotite 
g neiss. Inari järvi , is land at western edge of Vart tasaa ri. Photo 

K. Meriläinen. 
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The biotite gneisses are gran oblastic in texture. Their main minerals are 

plagioclase, potash felds par, biotite and quartz with minor garnet, hornblende and 
epidote. The accessories are apatite, opaques and zircon. Plagioclase is always present 

in considerably greater abundances than potash felds par, the latter often being no 
more than a minor constituent of the rock . Biotite seldom constitutes more than 20 
percent of the rock. The mineral composition of the biotite gneisses described here is 
similar to that of the biotite gneisses in the Kuorboaivi schist zone (see Table 5). They 

are probably derived from greywackes. 

Hornblende gneis ses 

Hornblende gneisses alternate locally with amphibolites and guartz-feldspar 
gneisses as irregular bands and beds. In mineral composition they are transitional 

types between quar tz-feldspar gneisses and amphibolites. Main minerals are plagioclase 

(An 30 - 40), hornblende and quartz. In addition, epidote, diopside and biotite occur 
locally. Some of the bands are calc-silicate gneisses rich in epidote and /or diopside. 
The hornblende gneisses are similar to those in the schist zone of Kuorboaivi and in 

the marginal zones of the granulite complex. It seems likely that the hornblende 
gneisses were originally mainly tuffaceous sediments. 

Amphibolites 

Although sparsely distributed on a regional scale, amphibolites are found in 

numerous outcrops as small bodies, long streaks or minute relicts conformable with 

the foliation or as inclusions in the granite gneisses and infracrustal rocks (Figs . 8 and 

9). Locally they occur as bands and beds alternating randomly with other supracrustal 
rocks . 

Amphibolites are black-green in colour, distinctly foliated, locally banded and 

fine- to medium-grained (0 = 0.5- 2 mm) rocks. The texture is granoblastic, 
nematoblastic or blasto-ophitic. Main minerals are hornblende (60- 70 %) and 

plagioclase (An 35 - 15), with minor amounts of quartz and sometimes epidote or 
garnet. Accessories are opaques, titanite and apatite. 

Most of the amphibolites in the granite gneiss complex are basic diabases that 
were probably metamorphosed in conjunction with the movements . On the other 

hand, the amphibolites interbedded with quartz-feldspar gneis ses and hornblende 
gneisses could be mainly metamorphosed lavas and tuffs. 

Infracru stal rocks 

The infracrustal rocks of the granite gneiss complex are guartz diorites, grano
diorites and granites concordant with the supracrustal rocks. In some places they are 

veined gneisses and even folded rocks, whereas in others they are almost homo

geneous and weakly foliated. The infracrustal rocks are cross cut by diabases and 
granitic pegmatites . 
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Fig. 8. Amphibo lite relicts in folded migm~tic g ranite. Inari
järvi, Tourissaaret. Photo K. Meriläinen. 

Fig . 9. Amphibolite and hornblende gneiss brecciated by 
g r~ nite. lnarij ärvi, Poropeskansaa ret. Pho to K . Meriläinen. 
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Granites 

In mineral composition the granites are trondhjemites, oligoclase granites and 

microcline granites. 

The trondijemites and oligoclase granites are weakly foliated or gneissose, grey-white 

gneiss granites. Their gneissose character is emphasized by the presence of biotite
poor veins and bands that are often grey or almost white, and locally by portions and 

bands of supracrustal rocks. Only seldom is it possible to distinguish megascopically 
the trondhjemites and oligoclase granites from each other. In structure the 

trondhjemites are hypidiomorphic or granular, frequently even cataclastic. Main 

minerals are plagioclase (An1 5 - 2 5) and quartz. In addition, some biotite and apercent 

or two of potash felds par are found. Accessories are apatite, zircon and opaques. The 
oligoclase granites can be distinguished from the trondhjemites by the more abundant 

potash felds par content of the former (Tables 2 and 9). 

M icrocline granites are commonly porphyroblastic, pinkish or pinkish grey gneiss 
granites exhibiting intense or moderate foliation. Macroscopically, the microcline 
granites may be homogeneous over extensive areas, whereas locally they contain 

relicts and portions of supracrustal rocks. The porphyroblastic microcline grains 

commonly display cataclastic fracturing accompanied by deformation into elliptical 

augen. Locally and especially in the eastern part of the Apukasjärvi schist zone, the 
porphyroblastic microcline grains are often euhedral. Texturally, the microcline 
granites are hypidiomorphic or granular and often cataclastic. Main minerals are 

microcline, plagioclase (An10 - 20), quartz and biotite. Chlorite is present as an altera

tion product, and the accessories are apatite, titanite, fluorite, zircon, orthite and 

opaques (Table 2). 

3 12 8 24-75 

Table 2 
Mineralogieal eomposition of granites. 

Quartz .. ....... . . ... . ... 2Y.o 305 20.7 9.7 
K-feldspar . . . . . . . . . .... .. 11.4 34.0 45.3 57.9 
Plagioclase 49.6 26.3 26.2 24.7 
Biotite .... . .. . .......... 7.3 0.7 5.1 7.1 
Chlorite ... . .... . ........ 7.0 + 
Museovite . ..... . ..... . . 0.7 .J.. + 
Aeeessories ...... . . . . . . . . 1.9 0.8 2.7 0.6 

1. Granite. Inari, Kittilompolo, 32 jKMj58 . A 213, sampIe number oE 
radiometrie isotope age. 

2. Porphyroplastie potash granite. Norway, Neiden, 14 jKM j68, AlB. 
3. Porphyroplastie potash granite. Inari, Pirivaara, 3jKM j67, A 226. 
4. Porphyroplastie potash granite. Utsjoki, Roavvi Tievja, 37 jKMj63, 

A 207. 
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Fig. 10. Gneissose and cataclastic quartz diorite. 'Inarijärvi, 
Partakonlahti. Photo Erkki Halme. . 

Granodiorites and quartz diorites 

Granodiorites and guartz diorites are grey, slightly or moderately gneissose rocks. 

They are distinctly richer in biotite than the trondhjemites and oligoclase granites and 

hence, are also darker in colour. The rocks are medium-grained (0 = 1-3 mm) and 
often cataclastic even macroscopically (Fig. 10). 

Texturally, the granodiorites and guartz diorites are hypidiomorphic or gran ular 

and frequently cataclastic. The cataclastic texture may be intensive, encompassing the 

Table 3 
Mineralogical composition of quartz diorites and granodiorites. 

Quartz ....... . .. . ....... 25.1 252 19.6 32.5 
K-feldspar ..... . ....... , . 22.9 22.1 3.2 1.3 
Plagioclase ... . .......... 36.7 24.3 57.5 54.0 
Hornblende .. . ... 0.5 4.0 11.2 0.3 
Biotite . . . . . . . . . . . . . . . . . . 13.8 12.7 8.1 6.0 
Epidote ••••••• • • 0 ••••••• + 
Accessories . . . . . . . . . . . . . . 1.0 1.7 0.4 3.5 

An .. .. .. . . ..... . ....... 25 23 nd 26 

1. Granodiorite. Inari, Akulahti, 115 a/PV/58, A 212. 
2. Granodiorite. Inari, Partakonlahti, 110/PV /58. 
3. Quartz diorite. Inari, Kuorpasaari, 21 /KM/64, A 167. 
4. Quartz diorite. lnari, Virtaniemi, Suovavaara, 8/KM/67, A 227 . 
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whole rock in the outcrops, or it may be restricted to thin zones or microscopic 
fractures in an otherwise hypidiomorphic rock . The main minerals of the grano

diorites are plagioclase (An~5 - 30), potash felds par, quartz and biotite. In addition, 
hornblende is usually present and is locally even more abundant than biotite. Acces
sories are potash feldspar, apatite, titanite, orthite or allanite, zircon and opaques 
(Table 3). The occurrence of potash feldspar and usually greater amout of biotite over 

hornblende in granodiorites distinguishes them from the quartz diorites. Both the 

granodiorites and the quartz diorites differ from the trondhjemitic granites in the 

diversity of their accessory minerals. 

D iabases 

The diabases penetrate the acid supra- and infracrustal rocks of the granite gneiss 

complex as concordant sills or dykes cutting or even brecciating the foliation (Figs. 11 
and 12). The diabases are penetrated by granitic pegmatites. 

Diabases are black-green in colour and often difflcult to identify because of 

amphibolitisation, which took place in conjunction with tectonic movements (see 

p. 15). However, some of them have retained their characteristic appearance, and 
sometimes ophitic structure is visible. Furthermore, many of the diabases are slightly 
porphyritic: some plagioclase grains are larger than the other minerals in the rock or 

plagioclase and quartz together form amygdaloidal clusters. 

Fig. 11. Diabase cutting granite gneiss. The diabase is cut by 
faults. Inarijärvi, island in Surnuvuono. Photo K. Meriläinen. 
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Fig. 12. Diabase cutting granite gneiss. The strikc oE Eoliation oE 
the migmatic granite gneiss is almost pcrpendicular to the direc
(ion oE (he diabase. Inarijärvi, island in Surnuvuono. Photo 

K. Meriläinen. 

Main minerals are hornblende and plagioclase. The saussuritised plagioclase was 

probably primarily andesine. As a result of epidotisation, the plagioclase in one of the 

diabases is albite (An 5). Additional minerals in the diabases are often quartz and 

chlorite, the latter also being an alteration product. Accessories are opaques, titanite 

and apatite. 

Pegm atite g ranite veins 

The granitic pegmatites in the granite gneiss complex are younger than the 

diabases. They are slightly pinkish or greyand coarse-grained (0 = more than 5 mm 

to several centimetres) rocks. The pegmatites usually cut the foliation of the supra

and infracrustal rocks, but they mayaIso be concordant with it. This concordancy 

particularly applies to the apophyses in the thick veins. The apophyses are generally 

rich in potash feldspar and have intruded the veined gneisses parallel to their oldest 

veins and schlieren. 

In mineral composition the pegmatites are eitherquartz-plagioclase-biotite rocks or 

-quartz-plagioclase-potash feldspar-biotite rocks. The latter are often zoned, the edges 

of the veins enriched in plagioclase, the centre in quartz and the intervening part in 

potash feldspar. Accessories are apatite, monazite, zircon, magnetite and orthite. 
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Fig. 13. O rth ite crystals in granite ve in. Thin fractures radiate 
from orrhite crystal. Inarijärvi. K aa massaa ri. Andrcsnuo ra. 

Photo K. Meriläinen. 

Orthite occurs locall y as black, pitch-like crystals up to 1 to 2 cm in leng th from 

",hich thin fissures radiate into the surrounding feldspar (Fig. 13). A preliminary 

207 Pb/206 Pb ratio for this orthite yielded an age of 1890 Ma. 

Tectonic structure 

The tectonic structure of the granite gneiss complex is complicated. The rocks of 

the complex have been deformed several times, which has obscured the o ldest struc
tures. Indeed the present structures ori ginated mainl y during the deformation of the 

rocks of the granulite complex and the Apukasjärvi, Vätsäri and Kuorboaivi schist 
zones. 

Foliation and bedding 

Foliation is weil developed in the rocks of the g ranite g neiss complex and visible 
throughout the w hole complex. Locally, the foliation is conformable with the original 

bedding in the quartz-feldspar gneisses , biotite gneisses , amphibolites and h ornblende 

gneisses. The bedding is most conspicuous in those places where different types of 
supracrustal rocks alternate with each other. The bedding and foliation are often 
intensively folded (Fig. 14). In some localities the foliation is cut by a youn ger foliation 
that developed du ring later deformations (transverse foliation). 
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Fig. 14. lntensely fo lded biotite gneiss with a boudinaged am
phibolite intercalation. Inarijärvi, island on western edge of 

Varttasaari. Photo K. Meriläinen. 

The general trend of the foliation in the granite gneiss complex is approximately 

N - S ( NW, N, NNE). However, in the vicinity of the Apukasjärvi, Vätsäri and 

Kuorboaivi schist zones and the granulite complex it conforms to their trend. Signifi

cant areal variations are also encountered in the dip of the foliation. Hence, in the 

northern parts of the complex the dip is from 10 to 40°, in and around Inarijärvi 30 to 

60°, but along the eastern margin of the granulite complex and in many narrow zones 

it is 70 to 90c
. The dip is usuall y to the west ( lW, W, SW), but sometimes also to the 

east, e.g., in the western parts of the Apukasjärvi and Kuorboaivi schist zones (Figs. 

15 and 16). 

Folding 

Strike and dip data on foliation indicate that the Apukasjärvi, Vätsäri and Kuorbo 

aivi schist zones and the northeastern marginal zone of the granulite complex are in 

synclinoriums relative to the granite gneiss complex. The main par t of the granite 
gneiss complex between these is an extensive dome-shaped anticlinorium that can be 

divided into a few blocks bordered by zones with subvertical foliation (Meriläinen 

1970). Similar zones, as steeply dipping as the former, further divide these blocks 

into smaller ones, some of which are clearly dome-shaped (anticlines). Minor synclines 
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INARI-UTSJOKI AREA 

Dip of foliat ion 

c:J 0 · -20· 

[:::::,:::,:3 25·-40· 

O'=='''=O= ..... 20=~30 km 

Fig. 15. iI[ap showi ng dips of foliation: 0- 20°, 25- 40° or 45- 90°. Some tectonic macroblocks 
can be delinea ted. 

wirh rocks typieal of the Apukasjärvi, Vätsäri and Kuorboaivi seNst zones oeeur 

loeal ly between these anticlines . As reliets of syncIines eompressed into the spaees 

bet\\'een the dome-shaped anticlines of the granite gneiss eomplex, they represent 

the deepest seetions, i.e., axial depressions, of the forementioned sehist zones, These 

synclines usually eontinue even in the eountry rocks either as trends of foliation or as 

fraeture zones. Owing to the dome-shaped anticline struetures, the traees of the axial 

planes of these minor syncIi nes differ eonsiderably from one another: Nits järvi NNE, 

29· 

+-70· 
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INARI-UTSJOKI AREA 

Dip of foli otion 

c:::J O· -30' 

[:::::::;:;:J 35'- 60' 

imPf! 65'-90' 

o '0 20 30km 
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Fig. 16. Map showing dips of foliation: 0- 30°, 35- 60° o r 65- 90°. 

29' 

--\-70' 

Vuoskujärvi EW, Paudijärvi NE and Surnuvuono NNE, The B axes of the synclines 

are gentle and parallel to their length, whereas the longitudinal direction o f the 

anticlines is regularly roughly or E. 

The dome-shaped anticline and anticlinorium structures accentuate the fact that 

the majority of the tectonic structures in the granite gneiss complex developed during 

the folding and later redeformation of the Apukasjärvi, Vätsäri and Kuorboaivi 

schist zones. The general trend of the oldest foliation is roughly NW. It is axial plane 
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foliation that probably developed during the regional metamorphism of the oldest 

rocks in the granite gneiss complex. Later movements have deformed this foliation so 

often and so thoroughly that the tectonic structures which developed are often barely 

discernible from each other (see Wiik 1966). The Apukasjärvi, Vätsäri and Kuorboaivi 
schist zones were folded probably as the result of compression acting towards E or \'(! 
during the Prekarelian epoch . During the early Karelian orogenie stage several of the 
zones with a N, J E or E trend were intruded by early Karelian ultrabasic and 

basic plutonic rocks: anorthosites, serpentinites, peridotites and gabbros. Later, 

possibly synchronously with the diaphthoretic metamorphism of the granulite 
complex, the rocks of the granite gneiss complex "\vere redeformed on ce more with 
movements acting towards NE or SSW. Several subvertical faults and foliation 

directed northwest or north indicates to this tectonic activity both in the granite 
gneiss complex and the granulite complex, particularly in and around the Inarijärvi 
area. 

Tectonic and metamorphie alterations in the granite gneiss complex during the 

phases of the Karelian orogeny are clearly demonstrated by radiometrie dating: 

Titanites in the infracrustal rocks, dating 2 730 Ma and 2 500 Ma by the zircon 

method, are roughly 1 900 Ma old and the Rb-Sr mineral isochron for the porphyro

blastic potash granite of Roavvi Tievja and the common lead secondary isochron of 
the potash felds par in the rocks of the granite gneiss complex reveals that the Karelian 
metamorphism took pI ace some 1 900 Ma ago. 

THE APUKASjÄRVI, VÄTSÄRI AND KUORBOAIVI SeHIST ZONES 

The Apukasjärvi, Vätsäri and Kuorboaivi schist zones have a greater areal extent 

than that indicated on the geologie map (Meriläinen 1965). The quartz-feldspar 
gneis ses, for instance, should have been depicted separately even though they are 

rare and their boundary with the granite gneiss complex is vague. Since the rocks of 
some minor schist zones (Nitsjärvi, Paudijärvi, Vuoskujärvi and the amphibolites 

adjacent to Paatsjoki) composed mainly of amphibolites and infracrustal ultrabasic 

rocks belong tectonically to the rocks of the Apukasjärvi, Vätsäri and Kuorboaivi 

schist zones, the latter form an incoherent and heterogeneous area around and partially 

also within the major part of the granite gneiss complex (Fig. 1). 
The rocks of the Apukasjärvi and Vätsäri schist zones are chiefly amphibolites . 

Furthermore some quartzites, mi ca gneisses, quartz-feldspar gneisses and hornblende 
gneisses occur. In the Vätsäri schist zone there are also magnetite- and amphibole
banded, cherty quartzites . Infracrustal rocks are ultrabasic rocks, gabbros and 

granites. 
The Kuorboaivi schist zone differs from the Apukasjärvi and Vätsäri zones by the 

abundant mica gneis ses and infracrustal ultrabasic rocks, gabbros, granites, grano

diorites and quartz diorites. 

4 12824-7 5 
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The supracrustal rocks of the Apukasjärvi, Vätsäri and Kuorboaivi schist zones 

are locally veined gneis ses cross cut by granite dykes. Granite dykes are more sparse 

in the amphibolites and plutonic rocks. Thus, in the amphibolites of the Apukasjärvi 
schist zone the g ranite veins do not occur at all, whereas in the Vätsäri schist zone 

at Tuulispää the amphibolites are like a gigantic breccia cut by granite of the Kyynel

järvi type (p. 37). In some places, the infra- and supracrustal rocks are intruded by 

diabases. 

Supracrustal rocks 

The supracrustal rocks of the Apukasjärvi, Vätsäri and Kuorboaivi schist zones 

are quartzites, magnetite- and amphibole-banded cherty quartzites, quartz-feldspar 

gneisses, mica g neisses, hornblende gneisses and amphibolites. They were metamor 

phosed mainly under the conditions of the amphibolite facies but locally also under 

those of the epidote-albite amphibolite facies. 

Quartzites 

Quartzites occur in many places along the margins of the Apukasjärvi and Vätsäri 

schist zones and occasionally in the marginal belts of the Kuorboaivi schist zone. The 

quartzites are layers some metres, at the most some tens of metres thick, g rading into 
and alternating with quartz-feldspar g neisses . In some places, they also contain mi ca 

gnelss layers. 

Fig. 17. Clastic quartzite in Apukasjärvi schist zone. lnari, ]sokivennokka. 
Magn. 25". Phoro E. Halme. 
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The quartzites are g rey or white, highly foliated and fine-grained (0 = 0.5- 2 mm) 
rocks. In texture, they are granoblastic, sometimes blastoclastic or even clastic (Fig. 

17). Main minerals are quartz, plagioclase (An15 - 25) and potash feldspar. In addition 
sericite, muscovite and/or biotite freque ntly occur and sometimes also epidote and/or 
hornblende. Some of the quartzites are quartz-rich orthoquartzites, whereas others 

contain feldspar, mainly potash feldspar, in such abundance that their composition 

approaches that of an arkose. Accessories are apatite, zircon and opaques. 

M agnetite- and amphibole-banded, cherty quartzites 

Magnetite - and amphibole -banded, cherty quartzites are to be found in the 

deposit underlying the amphibolites of the Vätsäri schist zone, where the 

amphibolites are interbedded with quartz-feldspar gneisses and biotite gneisses. 

Magnetite - and amphibole-banded, cherty quartzites are a maximum of some metres 

thick. 
In the magnetite-banded , cherty quartzites dark magnetite -rich layers (0 = 0.2-

10 mm) are interbedded with quartzite layers. Magnetite and quartzite layers trucker 

than approximately 0.2 to 0.5 mm have been formed through the mergence of several 
thin layers (Fig . 18). The texture is granoblastic. Main minerals are quartz, magnetite 

and hornblende. The relative abundances of magnetite and hornblende vary. Further 

more plagioclase and biotite frequently occur. Accessories are apatite and carbonate, 

whilst sericite is an alteration product of feldspar. 
In the amphibole -banded, cherty quartzites, magnetite is replaced by amphibole . 

The amphibole is either tremolite, grünerite or common hornblende. The tremolite is 
greenish grey in colour. Locally the amphibole bands are thicker than the quartzite 

layers , in which case the rock is quartzite-banded amphibolite. Some magnetite als o 

Fig. 18. Amphibo le- and magnetite-banded quartzite (banded 
ironsto ne) in Vätsä ri schist zone. Inari, Aittojä rvet. Photo 

E . H alme. 
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occurs either as bands or disseminations. ZnS, CuFeS, FeS and FeS 2 have been 

encountered as opaque accessories. 

The magnetite- and amphibole-banded cherty quartzites were formed during a 

period of volcanic activity. Their structures exhibit two types of graded bedding: 

1) regular succession of beds of quartzite and magnetite resembling the graded 

bedding of sediments deposited in water under the influence of seasonal variations, 

2) irregular amphibole-rich or amphibolite beds that truncate the forementioned 

regular graded bedding. They were probably formed during random eruptions of ash 

and lava. 

Quartz-feldspar gneis ses 

Quartz-feldspar gneisses border the central part of the Apukasjärvi and Vätsäri 

schist zones, i.e., they occupy the base of the synclinorium. Quartzite and mica gneiss 

layers are locally encountered in the quartz-feldspar gneisses. 

The quartz-feldspar gneisses are greyish, distinct1y foliated and fine- to medium

g rained (0 = 0.2- 2 mm) rocks. Their texture is g ranoblastic or blastoclastic and 

frequently even cataclastic. Main minerals are quartz, plagioclase (An I5 - 30) and potash 

felds par. In addition, sericite and muscovite and jor biotite often occur. Locally the 

sericite content is so abundant that the term sericite schist could be applied to the 

rock. Accessories are apatite, zircon and opaques (Table 4) . 

The mineralogy of the quartz-feldspar gneisses and the arkose-quartzites is not 

significantly different, since they both contain abundant feldspars and are often seri

citic. In the outcrops, however, the arkose-quartzites are more homogeneous than the 

quartz-feldspar gneisses. In their main features these quartz-feldspar gneisses are 

similar to those in the marginal zones of the granulite complex. The latter, however, do 

not contain sericite. On the other hand, hornblende is often encountered, whereas it 
is sparsely distributed in the quartz-feldspar gneisses of the Apukasjärvi, Vätsäri and 

Kuorboaivi schist zones. 

Table 4 

Mineralogical composition of quartz-feldspar gneisses . 

Quartz ............. . 
K-fcldspar .... . ......... . 
Pl.ag!oclase .... . . ....... . 
BlOtlte ... . ... .... .. . 
Muscovite .. .. .. . . .. .. . 
Accessories ....... . ..... . 

An .. .... .. .. . .. .. . .... . 

32.9 
22.0 
32.2 

10.3 
0.8 

12 

57.5 
0.5 

36.5 

0.8 

32 

1. lnari, Apukasjärvi, Skietsharasoaivi, 11 5/SL/62. 
2. Inari, Vätsäri, Kattalompolo, 31 /MV /58. 
3. Inari, Vätsäri, Äälisjärvi, 39/KM/62. 

29.3 
14.2 
45.2 

1.4 
4.6 
1.0 

12 
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Mica gneisses 

Mica gneisses are fairl y common in the schist zones of Apukasjärvi, Vätsäri and 

Kuorboaivi. In the latter zone, however, their position and abundance are only 

roughly known owing to the paucity of outcrops. 
In the schist zones of A pukasjärvi and Vätsäri the mi ca gneisses underlie the 

amphibolites of the synclinorium. Since mica gneisses are easily weathered they are 

o nl y sporadically visible along the fringes of the amphibolite zone. H owever, they 

seem to occur almost continuously along the western marg in of the schist zone. The 

tectonic structure of the area suggests that the mica g neisses north of Vainospää are 

closely associated with the Apukasjärvi schist zone. 

The mi ca g neisses are dark grey o r grey brown as a result of weathering. Their 

foliation in the Vätsäri and Apukasjärvi schist zones is characterised locally by minor 

folds that are similar to those in the amphibolites overlying them. The grain size 

varies from fine to medium (0 = 0.2- 2 mm). The texture of the mica gneis ses is 

g rano- or lepidoblastic, sometimes even blastoclastic. Main minerals are quartz, 

biotite and plagioclase (An 1 3 - 25) with minor amounts of muscovite or sericite and 

sometimes garnet (almandine) and potash fe ldspar. The latter, however, is usuall y 

only one of the accessory minerals. Other accessories are titanite, opaques, apatite, 

zircon, epidote and chlorite . A striking feature of the rock is the abundance of mica 

and the almost total absence of potash felds par (Table 5). Varieties with approxi 

mately 20 to 30 percent biotite are the most common of the mica g neisses. 

Table 5 
Mineralogieal eo mposition of miea gneisses. 

Quartz ..... . ... . ....... . 51.7 42.3 37.9 36.9 33.9 28.1 27.9 20.4 19.4 
K-feldspar ... . ... . .. . .. . 3.7 1.1 0.8 
Pl agioclase ..... .... .. ... 27.2 15.2 28.4 15.7 39 .3 52.8 46.5 41.9 39.6 
Bio tite .... . .... . . . ... ... 17.0 42.3 17.1 41.7 24.8 14.5 24.4 25.4 16.8 
Chlo rite . . .......... . . .. . + 6.9 
Museovite .......... . . ... 5.5 
H ornblende . . .. .. .. . ... . 4.1 
Epidote . . . . . . . . . . . . . . . . . + 2.7 + 11.9 15.6 
Gamet .... . . . . . . . . ... . .. 2.0 + 
Aeeessories .... . ... . .. . .. 0.4 0.2 + 2.7 + 0.5 1.2 0.4 1.7 

An ...... . ............ . . 13 25 25 22 26 35 38 34 20 

1. lnari, Apukas järvi, 123/PV/59. 
2. lnari, Rovioja, 104/SL/59. 
3. lnari , Kivilompolo, 45/KM/62 (ehern . ana l. in Table 6.) . 
4. lnari, Kuorboaivi, 4/HN/58. 
5. Utsjoki, Ailigas, 145/KM/60 . 
6. Utsjoki, Vetsijoki, 131 /KM/60 . 
7. Utsjoki, Vardoaivi, 124/KM/60. 
8. Utsjoki, Vetsijoki, 196/PV/58. 
9. Utsjoki, Loktavaara, 113/ KM/60 . 
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Table 6 
Chemical composition of bio tite gneiss . lnari , Ki vilompolo, 45/KM/62. 

A nal. P. Ojanperä 1963. 

I \'{feighr per cent I 

SiOz .......... . .. . . . ... . 
TiOz ····••·· •· · · ·· · • ·· •. 
A lz0 3 ···· · ··•··· · · · •••• • 
FeZ0 3 ••••• . • •. . •••••.•• • 

FeO ........ . . ......... . 
MnO . ... ... . .. . ...... . . 
MgO ....... .. ... . ... .. . 
CaO ..... . ......... . . .. . 
N azO . . ... . . .. . ........ . 
KzO .... . . . . ....... . .. . . 
P20 S •••••••••••••• . • .. • 

COz .. . ...... • .. . .. . .. . • 
H 20 + .................. . 
HzO - .... .. ..... . .. . ... . 

Quartz .... ... .. .. ... . . . . 
Potash feldspa r . .. . ... .. . 
Plag ioclase . ...... . ... .. . 
BlOtlte .... . ..... . ... . . . . 
Chlorite ..... . .......... . 
Muscovite ... ..... ..... . . 
E pidote ..... ... .... . ... . 
Accessories ............. . 

An ... . . .. . . . . ... . . .... . 

I 
_I 

68.64 
0.58 

15.42 
0.75 
3.28 
0.04 
2. 15 
1.56 
3.34 
2.43 
0.08 
0.00 
1.42 
0.12 

99.81 

Mode 

37.9 
1.1 

28.4 
17.1 

+ 
5.5 

+ 

25 

Korms 

Q ...... . . .. 
or ...... . . . . 
ab ........ . 
an . . . . . ... . 
c ........ .. 

en .. . .. .. . . 
fs . . . .. . . .. . 
mt 
il .... . . . .. . 
ap .. ... ... . 

fern 

31.50 
14.40 
28 .24 

7.26 
4.62 

5.38 
4.51 
1.09 
1.11 
0.20 

12.30 

Niggli vaJucs 

al . . .. . . ... . 41.05 
fm .... ... .. 29 .70 
c ... .. . . . .. 7.58 
alk 21.67 

si .. . . ..... . 310.62 
ci .. . . . •.. . . 1.98 
p .......... 0.16 
h ..... . . .. . 21.42 

k . . .. . . .. . . 0.32 
mg . ..... 0.49 

qz .... . ..... 123.94 

T he chemical composition of the mica gneisses , determined by analyses of biotite

muscovite-plagioclase gneiss from Kivilompolo, Vätsäri, (Table 6) differs from that 

of some other gneisses e.g. the argillaceous mica schists of southern Finland, mainly 
owing to the considerably lower Fe Z0 3 and FeO content and markedly higher azO 

content. On the other hand, the chemical composition of the mi ca gneiss is comparable 

to the average composition of greywackes as given by Pettijohn or to the light
coloured layers of the schist with g raded bedding (greywacke slates) in the Tampere 

region (see Simonen 1953). However, some of the mica gneisses of the Apukasjärvi, 
Vätsäri and Kuorboaivi schist zones are considerably richer in biotite than the analysed 

and hence, their chemical composition corresponds to that of micaceous shale . 
The mica gneisses of the Apukasjärvi, Vätsäri and Kuorboaivi schist zones 

probably derive from shales and g reywackes. 
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Hornblende gneisses 

Hornblende gneisses occur in the lower part of the amphibolite deposits as beds 
and bands alternating with amphibolites, quartz felds par gneisses and mica gneisses. 
Epidote- andjor diopside-rich beds (cale-silicate gneisses) are als o commonlyencoun

tered among them. 
The hornblende gneisses are grey green or green and lighter in colour than the 

amphibolites. They are nne- to medium-grained (0 = 0.2-2 mm) rocks with a 
granoblastic texture. In mineral composition they represent transitional types between 
amphibolites and quartz-feldspar gneisses and jor biotite gneisses, i.e., they are 

hornblende-biotite-plagioelase gneisses and hornblende-plagioelase gneisses. Main 

minerals are quartz, plagioelase (An 30 - 45), hornblende and biotite. The proportion of 

hornblende and biotite varies considerably. Potash feldspar is usually absent or it may 
be a minor constituent. Other minor constituents are chlorite, epidote and garnet. 

Accessories are titanite, apatite and opaques (Table 7). 
Cale-silicate gneisses differ from the hornblende gneisses mainly in the abundance 

of epidote andjor diopside in the former. Sometimes, however, they contain small 
amounts of carbonate and the amphibole is often light-coloured tremolite. 

The hornblende gneisses were primarily tuffaceous sedimentary rocks, which is 

emphasized by their mineral composition and elose association with the amphibolites. 

The cale-silicate gneisses were probably tuffaceous marls from which CO 2 escaped 
during metamorphism, the remaining CaO being incorporated into various Ca-rich 

si licates. Southeast of Syrjäpuolijärvi (Vuoskujärvi), a small occurrence of limestone 
has been encountered among the hornblende gneisses, amphibolites and cale-silicate 
gneisses. 

Table 7 
Mineralogical composition of hornblende gneisses. 

Quartz ...... . . . .. .... . .. 33.6 29.6 25.6 25.5 23.4 
K-feldspar .. . ...... . . . . .. 8.0 
Plagioclase .. . . . . . . . . . . . . 48.7 49.0 47.9 37.6 38.6 
Biotite ... . ... .. . ...... . . 6.3 2.2 11.7 20.9 1.3 
Chlorite ............. . . . 1.6 
Hornblende . . . ... .. .. . . 10.4 15.6 11.4 14.0 26.5 
Epidote ... ... . ........ .. + + + 
Garnet .......... . . . . .. .. + 2.2 
Accessories . . . . . . . . .. . ... 1.2 3.6 1.8 2.0 + 
An .......... ....... . . .. 30 34 42 40 36 

1. Hornblende-plagioclase gneiss. lnari, Kuoppasaaret, l55 /PV/57. 
2. Hornblende-plagioclase gneiss. lnari, Lusmanuora, 100/KM/57. 
3. H ornblende-biotite-plagioclase gneiss. Uts joki, Kuovloaivi, 129/PV/60. 
4. Hornblende-biotite-plagioclase gneiss. Utsjoki, Farfaloaivi, 121 /PV/60. 
5. Hornblende-plagioclase gneiss. Utsjoki, Kuorboaivi, 137 b/SL/62. 



32 Geological Survey oE Finland, Bulletin 281 

Amphibolites 

Amphibolites are the main rock type in the schist zones of Apukasjärvi and 

Vätsäri. They also abound in the Kuorboaivi schist zone. The amphibolites of the 

Apukasjärvi and Vätsäri schist zones form the core of the synclinorium. In the lower 

parts of the deposits the amphibolites are often interbedded with mica gneisses and 

quartz feldspar gneisses . Locally they contain epidote - and diopside-rich layers, i .e. 

calc-silicate gneisses. Only quartz veins cut the amphibolites. In some places the 
amphibolites are wrinkled wirh minor folds . 

Most of the amphibolites are black green, fine-grained (0 = 0.2- 1 mm) and 

frequently distinctly banded rocks (Pig. 19). The dark bands are hornblende-rich and 

often consist solely of hornblende. The light-coloured bands are plagioclase-bearing. 

The texture of the amphibolites is granoblastic. Main minerals are hornblende and 

andesine with hornblende usually predominating. In addition, small amounts of 

carbonate and sometimes biotite and quartz are encountered. Carbonates also occur 

locallyas megascopie lenses. Accessories are titanite, opaques and apatite. 

The banded amphibolites derive largely from metamorphosed basic lavas and 

tuffs. The varieties encountered in some localities and which are more homogeneous 

than the former are probably metamorphosed diabases. Megascopically, they are 

similar to the diabases cutting the rocks of the granite g neiss complex . 

I I 

5cm 

Fig. 19. Layered amphibolite in Apukasjärvi schist zone. Inari, 
Ahvenselkä. Photo E. Halme. 
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Infracrustal rocks 

The infracrustal rocks of the Apukasjärvi, Vätsäri and Kuorboaivi schist zones are 

ultrabasic rocks, gabbros, quartz diorites, granodiorites and granites. Dioritic and 
quartz diorite varieties are locally associated with the gabbro massifs. The diorites and 
quartz diorites are often hornblende bearing, in which case they resemble in appear

ance, mineral composition and probably also in chemical composition, the hornblende
bearing diorites and quartz diorites of the northeastern and southwestern marginal 

zones of the granulite complex. The infracrustal rocks are concordant to the 

supracrustal rocks of the schist zones. However, it has been observed that the ultra

basic rocks and gabbros cut sharply the migmatic granite gneisses of the granite 
gneiss complex. 

U ltrabasic rock s 

Ultrabasic infracrustal rocks are found in the Apukasjärvi, Vätsäri and Kuorboaivi 

schist zones and in some other areas such as Nitsjärvi, Paudijärvi and Surnuvuono. On 

the basis of their rock types and specifically their tectonics, the latter belong as discrete 
relicts to the Apukasjärvi, Vätsäri and Kuorboaivi schist zones. Furthermore, this 
group also includes the following ultrabasic rocks of the granite gneiss complex: 

Nilisaari, Harrijoki, Palovaara and Kamajohka. 

The ultrabasic rocks are ophiolitic bodies or lenses. Some of them are only a few 

tens of metres in width and a maximum of a couple of hundred metres in length, 
whereas others are intrusions or intrusive complexes several kilometres long. At 

Tsuomasvaara, Utsjoki, ultrabasic rocks are associated with a gabbro massif. 

In their mineral composition the ultrabasic rocks are peridotites, serpentinites, 

anorthosites and hornblendites. 

The fresh fracture surface of the massive or slightly foliated peridotites is greyish
black. In mineral composition peridotites are 

a) olivine-augite rocks 

b) olivine-hypersthene rocks and 

c) olivine-hornblende rocks 

In addition, opaques are usually present, plagioclase sometimes and serpentine as 

an alteration product of olivine. 

Like the peridotites, the serpentinites are grey black in colour. Th eir mineral 
composition is simple. Besides serpentine, which is the main mineral, olivine and 
augite and jor cummingtonite and tremolite are frequently met with. Thus, in the 

5 12824-75 
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serpentinite oE Tsuomasvaara relicts oE olivine and augite occur 10 the serpentine 
mass. The serpentine grains and aggregates oEten display the shapes oE augite or 
olivine grains, and the groups oE olivine or augite grains in the serpentine mass are 

oEten mutually homoaxial. Cummingtonite or tremolite Erequently occur in the 

serpentinites oE Nitsjärvi and Vätsäri, and the edges oE the serpentinite bodies are 
oEten oE tremoIite- or tremoli te-serpentine rock. The serpentinites are cut bv 

anthophyllite asbestos veins and they locally also contain vermiculite. 

The hornblendites are greenish black, Eoliated hornblende-rich rocks. They are 
medium- to coarse-grained (0 = 0.5- 2 mm), and hypidiomorphic or granular 
in texture. Besides hornblende, variable amounts oE diopside, plagioclase and garnet 
are found in the hornblendites. The garnet grains are up to 2 cm in diameter, and 

locally display pronounced zoning. According to the refraction indices, the garnet is 

almandine. Its colour is red, 11' = 1. 773 at edge oE grain, 1.783 in core. As the plagio

clase or diopside content increases the mineral composition of the hornblendites 
approaches that oE gabbros or pyroxenites. 

Three anorthosite occurrences have been found: at Mutajärvi north oE Nitsjärvi, at 

Haugajärvi and at Kuellipastin in the schist zone of Apukasjärvi. 

The Mutajärvi anorthosite is a grey OI greenish white, massive or distincly 
gneissose rock. HoweveI, the hornblende-rich or hornblende-bearing streaks in the 
gneissose rock are indistinct and grade without sharp contacts into the plagioclase

rich host. The texture oE the anoIthosite is hypidiomorphic and locally cataclastic. 

Main minerals are plagioclase (An;O - 70' n' = 1.571 ± 3), which is oEten completely 
saussuritised, hornblende and often diopside. Accessories are opaques, apatite, titanite 

and epidote. The anorthosite oE Mutajärvi is both megascopically and in mineral 
composition analogous to that oE the Vaskojoki massiE in the southwestern marginal 

zone oE the granulite complex. 
The Haugajärvi and Kuellipastin anorthosites differ from those just described in 

mineral composition, but megascopically the resemblance is striking. The anorthosite 

oE Haugajärvi is a small body in mi ca gneiss, but that of Kuellipastin is probably a 

dyke in quartz-Eeldspar gneiss. Their texture is hypidiomorphic and also often 

cataclastic. The main mineral oE both rocks is zoned plagioclase, with a core of 

andesine (An 3 ;, y' = 1.554 ± 3) at Kuellipastin. Abundant clinozoisite with minor 
muscovite and antiperthitic potash felds par is also found. It is probable that the 
plagioclase oE the rock was primarily richer in anorthite but that it has altered by 
epidotisation into andesine. At the same time the potash felds par, or some of it at 

least, exsolved from the lattice oE the plagioclase. 

Gabbros 

There are three large gabbro bodies (Tsuomasvaara, Petsikkovaara and Vetsijoki) 
and several small ones in the Apukasjärvi, Vätsäri and Kuorboaivi schist zones. They 
are concordant to the Apukasjärvi, Vätsäri and Kuorboaivi supracrustal rocks but in 
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Fig. 20. Fo lia ted cataclastic gabbro with Iens-shaped plag ioclase 
crystaIs that are usuall y g rey-white in co lo ur. Utsj o ki, Palron

järve r. Phoro E. Halme. 

some places, e. g. at Petsivaara, southwest of Apukasjärvi, the gabbro cuts the veined 

gneis ses of the granite gneiss complex. The rock of the large gabbro massifs is locally 
diorite and even quartz diorite. A diversity of infracrustal rock varieties such as 

diorite, gabbro, peridotite and serpentinite are present in the Tsuomasvaara massif. 

The margin of one peridotite (Harrijoki, northeast of Apukasjärvi) is gabbro, from 

which apophyses of diabase extend into the porphyroblastic potash granite country 

rock (Pirivaara). Granite veins locally cut the gabbros. 
In the western part of the Kuorboaivi schist zone the gabbros are black-green in 

colour, often distinctly foliated and medium-grained (0 = 2.5 mm) rocks. The 
hornblende, pyroxene and plagioclase crystals are usually lens -shaped, cataclasticall} 
granulated grains or clusters of grains (Fig. 20). With recrystallisation the dark 

(olive-green) plagioclase crystals become lighter or even white. The original dark 

plagioclase has been preserved in the core of some crystals . The foliation of the 

gabbros in the eastern part of the Kuorboaivi schist zone (Tsuomasvaara, Petsivaara. 

Selkäjärvi) is less conspicuous than that of the western part and their gabbroidie 
structure is better preserved. They are characteristically olive brown in colour. 

The texture of the gabbros is ophitic or hypidiomorphic; the deformed varieties 

are cataclastic and blastohypidiomorphic. The most common mineral assemblages in 

gabbros are: plagioclase (An 5 0 - 60), hornblende and diopside; or plagioclase (An 5 0 - 70),. 

hypersthene, biotite and locally also augite and olivine. In addition, perthitic potash 
felds par, quartz and sometimes garnet are encountered locally in the gabbros. Acces -· 

sories are apatite, allanite, monazite and opaques. 

Diorites 

D iorites contain plagioclase that is both more abundant and richer in sodium than. 
IS the plagioclase found in gabbros. 
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Quartz diorites 

Quartz diorites are grey in colour and often exhibit well-developed foiiation. They 

are either even-grained or porphyritic with plagiodase phenocrysts. In mineral 

composition the quartz diorites have two varieties: grey hornblende quartz diorite and 
black-grey biotite quartz diorite. 

The hornblende quartz diorites are hypidiomorphic or blastohypidiomorphic. The 
plagiodase crystals in particular oEren display cataclastic fracturing. Main minerals 
are hornblende, plagioclase (An 2 S - 40), biotite and quartz. Alteration products are 

sericite, epidote and chlorite. Accessories are titanite, apatite, zircon and opaques 
(Table 8). 

The biotite quartz diorites are darker than the former. They are biotite-rich and 

their texture is porphyritic. The porphyritic crystals are plagioclase which usually 
displays cataclastic fracturing. In addition to plagioclase (An 3S - 40) and biotite, minor 

hornblende and quartz and sometimes potash feldspar and gamet are present. Acces 
sories are opaques, apatite, titanite, zircon and allanite (Table 8). The biotite quartz 

diorites often resemble porphyroblastic mica gneisses, in which form they are mani 

fested east, northeast and southeast of Vardoivi, between Utsjoki and Pulmankijärvi 
(unlike as marked on the map). 

Granites 

T able 8 

Mineralogical composition of quartz dio rites. 

Quartz ..... . . ... .. . ... . . 
K-feldspar . ... ... ...... . 
Plagioclase . . .. .. . ...... . 
Hornblende . . . .. . . . ... . . 
Biotite . ... . .. .. . ... .... . 
Accessories . .. ..... . . ... . 

An .... . .... ... .... . . . . . 

18.5 

58.0 
5.6 

13.7 
4.2 

32 

2 

25 .2 

37.7 
12.0 
22.3 

2.8 

40 

1. Utsj oki, 4 km NNE from Kuorboaivi, 44/KM/63, A 208. 
2. Utsjoki, Farfaloaivi, 121 /PV/60 . 

The major granites in the Apukasjärvi, Vätsäri and Kuorboaivi schist zones have 

been denoted on the map as a coherent area (Meriläinen 1965). However, the granite 
area can be divided into two sub-areas: a southern area consisting of the grey Kyynel 

järvi granite and a northern area, the Vainospää fell district, consisting of the pink

grey porphyritic granite and the grey fairly coarse granite of Vainospää. Granites also 

occur elsewhere in the Apukasjärvi, Vätsäri and Kuorboaivi schist zones, e.g. some 
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grey varieties on the eastern margin of the tectonic window of Kevo (the Kevo 
block). These, however, cannot be distinguished from similar granites in the granite 

gneiss complex. The only indication that they possibly belong to the infracrustal 
rocks of the Apukasjärvi, Vätsäri and Kuorboaivi schist zones is afforded by age 
determinations. 

The grey granite at Kyyneljärvi is massive except on the fringes of the massif, 
where amphibolite and gneiss portions with numerous granite veins are often encoun
tered. Macroscopically it is locally a slightly porphyritic and medium-grained (0 = 

2- 4 mm) rock. The phenocrysts are panidiomorphic (0 = 5- 8 mm). The texture oE 
the groundmass is hypidiomorphic with plagiociase (And, potash felds par and 

guartz as main minerals and minor biotite, with chlorite as its alteration product. 
Accessories are opagues, zircon, apatite and uraninite (Table 9). Owing to its radio

activity the rock shows up distinctly on the aeroradiometric map. The Kyyneljärvi 
granite contains some different varieties oE zircons. 

Table 9 

Mineralogieal eo rnposition of granites. 

4 6 

Quattz ... . .. . ... . ...... . 28.2 29.0 27.4 24.7 23.6 30.5 22.8 
K-feldspar .......... 4.0 5.6 35.0 27.4 44.2 30.0 25.9 
PlagiocJase . . . . . . . . . . . . . . 62.6 53.0 33.9 38.3 28.5 33.0 39 .3 
Biotite ... . . . .... . ... . . . . 4.2 11 .0 2.9 7.3 1.9 4.8 10.7 
Museovite . . . . . . . . . . . . . . . + 
Chlorite ..... . ......... . . 0.4 + 1.1 + 
E pidote • •••• • ••••• 0 • • • •• t- 0.4 + + 
Aeeessories •• 0 • ••• • 0 • • ••• 1.0 1.4 2.0 0.7 1.7 1.3 

An ...... . .. . ...... . .. . . 
I 

23 nd 22 15 22 nd nd 

1. Trondhjernite. Utsj o ki, uo ttalvaara, 159/ PV/58, A 211. 
2. Trondhjernite. Utsjoki, Keniskoaki, 90 /KM/61, A 112. 
3. Grey granite. Inari, Kyyneljärvi, 69/Tyni /58 (ehern. anal. in Table 10.). 
4. Grey granite. Inari, Vainospää, 19 b/KM/58. 
5. Reddish grey granite. Inari, Vainospää, 19 a/KM/58. 
6. Coarse-grained, grey granite. Inari, Vainospää, A 168 and A 169. 
7. Granite. Inari, Päkkevaara, 76/AH/60, A 210. 

In chemical composition (Table 10) the Kyyneljärvi granite resembles the Hetta 

g ranite (see Mikkola 1941) or the granites oE the Svecofennian granite province 

(see Simonen 1960 a) . However, on the basis of the normative Or : Ab : An ratios, the 
Kyyneljärvi and Hetta granites are granodiorites, since the Or : Ab : An ratio in the 
Hetta granite is 37.3 : 42.6 : 20.1 and in the Kyyneljärvi granite 46.0 : 45.2 : 8.8. In any 

case, the Kyyneljärvi granite has high K 2 0 relative to Na 20, which is characteristic oE 
granites. 
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T able 10 
ChernicaI co mposition of granite. Inari , K yyneljärvi , 69/T yni /58. 

Anal. P . Oj anperä 1963. 

\'(Ic ight per cent I orms 

Si02 . . . . • ... • • .• .. • •.. • • 

Ti0 2 • . • •. . •• . . • • .• • . . • • 

A l20 3 .........•...... . . 

Fe20 3 . . . .•.•. .• •..•• . • . . 

FeO .. ... . . . ...... . . . .. . 
MnO .. ..... . ......... . . 
MgO . . .. . .. . ...... .. .. . 
CaO . ... . .. .. . . ........ . 
N a20 . . .... . . . . . . .. . . .. . 
K 20 ............ . ... . .. . 
P20 S • . .• . • .. •••••• . • • •• 

CO2 . • . . . .. .. .• .. .. .. • . . 

H 20 + . ... . . .. ... .... . .. . 
H 20 - . . ... . . . ... . .. .. .. . 
Rb20 .. .. .. . ......... .. . 

Quartz ... ... . .. . ... . . .. . 
Po tash feldspar .. . .... . . . 
Plagiocl ase . ............ . 
Biotite . .. . .... . .... . ... . 
Chlo rite . .. . . . .......... . 
E pido te ........... . . ... . 
Accessories . ... . . . ... . . . . 

A n .. . . .. .......... . . . . . 

73.67 
0.16 

13.92 
0.51 
1.00 
0.04 
0.26 
1.19 
3.44 
5.01 
0.04 
0.00 
0.48 
0.03 
0.02 

99.77 

Mode 

27.4 
35.0 
33.9 

2.9 
0.4 
0.4 

+ 
22 

------~--------

Q . . . ....... 31.10 
o r . . .. .. . . . . 29.63 
ab . .... .. . . 29.08 
an ... . ..... 5.67 
c . . . . . .. .. . 0.74 

en . .... . . . . 0.65 
fs .. . . . .... . 1.23 
rnt 0.74 
il . . ........ 0.30 
ap ...... . .. 0.10 

fern .... .. .. 2.94 

Niggli va lues 

al . . ........ 46.43 
frn . . . . . .. .. 9.32 
c ... . . ... . . 7.24 
alk ..... . .. 37.01 

SI . . ........ 417.62 
ti ... . ...... 0.68 
p . . ... . ... . 0.10 
h . . . . . .. . . . 9.08 

k . ...... . .. 0.49 
rng .. . .. . .. 0.24 

J~~_' _' _ ..... .. 169.22 

The pink-grey, porphyritic granite of Vainospää resembles the granite of K yynel

järvi. It is a medium-grained (0 = 2- 5 mm), slightl y foliated or gneissose rock and 

often distinctly porphyritic (0 = 7- 15 mm) with a hypidiomorphic g roundmass. In 
mineral composition, it is po tash granite with a markedl y higher content of potash 

feldspar than of plagiociase (Ani S)' The biotite has partl y altered into chlorite. 
Accessories are apatite, zircon and opagues (Table 9). 

The grey granite of Vai nospää is coarse (0 = 5- 8 mm) and slightl y p orphyriti c 
due to the plagiociase and po tash felds par phenocrysts . Mineralogically it is potash 
granite with approximately 35 % potash felds par and 35 % plagioclase, the remainder 

being mainly quartz and a few percent of biotite . Access ories are opagues, apatite, 
titanite, zircon, fluorite and allanite (Table 9) . Macroscopically this granite differs 

ciearl y from the pink-grey porphyritic variety. 
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Stratigraphy and tectonics 

The Apukasjärvi, Vätsäri and Kuorboaiv i schist zones form synclinoriums 

between the extensive, dome-shaped anticlinoriums of the granite gneiss complex. 

The synclinorium structure has been established by observations on the strike and 

dip of the bedding and foliation. The stratigraphie sequence of the g neisses is based on 

the observations described above as weil as on the associations oE the supracrustal 

rocks . 

Folia tion and bedding 

Foliation is particularly marked in certain sericite-bearing supracrustal rocks , 

such as quartz-feldspar gneisses and quartzites. Ir is also usuall y weH developed in 

amphibolites and mi ca gneisses. The foliation is frequently conformable with the 

bedding. The latter is most clearly exhibited in the alternating beds of supracrustal 

rocks. With the exception oE the ultra basic rocks, the infracrustal rocks are distinctl y 

Eoliated and even g neissose. In some oE them, e.g . the gabbros, a prevailing cataclastic 

structure is Erequently visible even megas copically. The margins of the intrusions oE 
the ultrabasic rocks are often schis tose or sheared. 

Stratigra ph Y 

The supracrustal rocks oE the Apukasjärvi, Vätsäri and Kuorboaivi schist zones aH 

have the same stratigraphy. However, the stratigraphy is neither completely uniform 

nor universally continuous, as is demonstrated by the Eact that magnetite -banded 

quartzites are only rarely encountered. One reason for this is that the magnetite

banded quartzites are seldom more than a couple of metres thick . The lowest strati

g raphie unit contains quartzites and quartz-feldspar g neisses; these are overlain by 

mi ca g neisses and the mica g neisses by amphibolites, which form the top bed. The 

mica g neiss member is thin and presumably discontinuous. It als o contains narrow 

layers and beds oE amphibolites and quartz-Eeldspar g neisses. Magnetite- and 

amphibole-banded quartzites with a maximum thickness oE a few metres occur 

locally between the quartzites and amphibolites, w hich is where the bulk of the calc

silicate g neisses probably also occur. In the Ap ukasj ärvi and Vätsäri schist zones the 

amphibolites are locally overlain by g rap hite- and /or pyrite-rich black schists. 

Folding 

The structure oE the Vätsäri synclinorium is complicated. Its amphibolitic core has 

been compressed into an almost vertical zone between dome-shaped anticlines 

(anticlinoriums) composed oE r ocks oE the granite gneiss complex and the acid gneis ses 
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of the Vätsäri zone. West of Surnujärvi, the axial plane of this syncline trends approxi

mately - So At the southern end of this lake the syncline forks to the west and the 

southeast. The western fork gradually bends southwestwards, wh ich is the general 

trend of the schist zone in the Vätsäri area. The trend of the axial plane (B-axis) of thc 

synclines varies because the synclines are bounded by dome-shaped anticlines . 

The axis of the Apukasjärvi synclinorium trends W in the southeastern part of 

the synclinorium and in its central and northern parts. The dip of foliation is 
approximately 20- 50° WSW at the eastern edge of the southern part of the 

synclinorium, and roughly 20-70° E JE at the western edge. Hence, in cross -section 

the synclinorium is an almost symmetric, open sylinder in this area. The amphibolites 

and mica gneisses in the core of the synclinorium are folded, often intensively so. The 

folds are shallow with almost vertical axial planes. Around Apukasjärvi, the fold axis 

tilts gently, sometimes northwestwards and sometimes southeastwards at an angle of 

ap proximately 5° to 20°. This is the B-axis of folding in the middle part of the Apukas

järvi schist zone. In the northern parts of the schist zone the fold axes plunge to N. 

The amplitudes of the folds are several metres or more. The mica gneisses and 

a mphibolites also exhibit tight minor folding. The fold axis of the latter conforms 

locally to that of the forementioned B-axis, but in the northern part of the Apukas

järvi schist zone it is usuall y parallel to the lineation and plunges to SW. The southern 

part of the schist zone is dominated by lineation trending S 400 E or N 400 W, wh ich is 

likewise the trend of the sub-horizontal fold axes and the trace of the axial plane of 

the schist zone in this area. In the northern part of the Apukasjärvi schist zone and at 

the eastern margin of the southern part, the predominant trend for the lineation is 

S 30- 600 W. From these areas towards the centre of the schist zone, south of Apukas

järvi, the lineations trendin g S 30- 600 W gradually bend southwards (anti-clockwise) 

and finally join the S 400 E lineation. 

The shape, orientation and tectonic structures of the Apukasjärvi synclinorium, 

e.g. the trend of the fold axes and lineations, are emphasized by structures of anticli

noriums composed of rocks of the granite gneiss complex that were uplifted and 

deformed simultaneously on both sides of the synclinorium during folding. In other 

words, the forms of the anticlinoriums and the deformations that took pi ace in them 

during folding (block movements) are reRected as folds and lineations in the schists 

that folded and metamorphosed between and on top of the anticlinoriums. In struc

ture, the Apukasjärvi synclinorium is an axial depression similar to but more extensive 

than the minor synclines or their relicts (Nitsjärvi, Vuoskujärvi, Paudijärvi, Surnu

vuono) that delimit the anticlines of the granite gneiss complex. 

The Apukasjärvi synclinorium was folded during its earliest stages as a 

consequence of compressive forces acting towards E or W during the Prekarelian 

period. Later, during the Karelian orogeny, the direction of compression changed to 

roughly NE or SW. There is no conclusive evidence in the Apukasjärvi area for 

structures that developed during the deformation of the granulite complex. 
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THE GRANULITE COMPLEX AND ITS MARGI AL ZO ES 

The granulite complex and its marginal zones constitute the central part of the 
Inari- Utsjoki bedrock. The complex can be divided into three parts : 

1) the granulite complex proper 
2) the northeastern marginal zone of the granulite complex 
3) the southwestern marginal zone of the granulite complex. 

These three parts comprise one tectonic unit, even though there are significant 

differences in their rock types. The reason for this is that the rocks of the granulite 
complex proper were metamorphosed under the conditions of the granulite facies and 
the rocks of its marginal zones under those of amphibolite facies. 

The granttlite complex proper 

The rocks of this complex are mostly garnet gneisses that were formed by meta 

morphism from acid and intermediate supracrustal rocks and also from infracrustal 

rocks under the conditions of the granulite facies. Furthermore, some pyroxene 

gneisses are encountered that were derived from amphibolites, hornblende gneis ses 

and basic sills . Infracrustal rocks concordant with the garnet gneisses are gabbros, 
diorites and quartz diorites, as weil as ultrabasic rocks and some garnet-bearing 

porphyritic granites. The garnet gneisses, pyroxene gneisses and infracrustal rocks are 

cut by coarse-grained, anatectic dykes formed during the diaphthoretic granulitisation. 
The postgranulitic scapolite-biotite quartz diorite of Vuoskuljärvi is located on the 
southwestern slopes of the fell Muotkatunturi. The postorogenic granite of attanen 

and some olivine diabases and quartz syenite porphyry dykes are ou tside the area of 

the present study. 
On the basis of its characteristic garnet gneisses, the granulite complex proper can 

be divided in a longitudinal direction into two sub-areas: the central and eastern 

garnet gneisses, and the western garnet gneisses. The former are mainly garnet
cordierite gneisses and coarse-g rained garnet-quartz-feldspar gneisses, whereas the 

latter are largely fine- and coarse-grained garnet-quartz feldspar gneisses and garnet

biotite gneisses. There is, however, no sharp contact between these two sub-areas; 

both of them contain rocks characteristic of the other. 
Some of the typical rock types in both sub-areas, e.g. fine-grained garnet-quartz

feldspar gneisses and garnet-cordierite gneisses, may occur as fairly extensive and on 
the whole comparatively homogeneous areas. However, on closer observation, less 

homogeneous features become apparent, e.g., the fine-grained garnet-quartz-feldspar 

gneisses contain coarse-grained garnet-quartz-feldspar gneisses as bands, streaks and 
portions of varying width parallel to the schistosity (bedding). The contacts between 
the different rock types vary from sharp to diffuse. The garnet-cordietite gneisses 

and the coarse-grainet garnet-quartz feldspar gneisses bear such a close resemblance 

6 1 28 24-7 5 
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to one another macroscopically, that in large-scale the eastern part of the granulite 

complex proper is more homogeneous than the western part. However, in outcrops, 

the garnet gneisses of the eastern part are very heterogeneous owing to the frequent 

occurrence of streaks and schlieren and in some places even of veined-gneissose 

structure. The heterogeneous features are further emphasized by the great variations 

in the abundances of garnet, cordierite and biotite, and in the size of the garnet and 

cordierite grains. 

Garnet g neisses 

The garnet gneisses of the g ranulite complex proper are fine- and coarse-grained 

garnet-quartz feldspar g neisses, garnet-cordierite gneisses, garnet-biotite gneisses and 

garnet-biotite-plagioclase gneisses. 

Garnet-cordierite gneisses 

Garnet-cordierite gneisses are migmatic, highly foliated, grey, veined-gneissose 

rocks or weakly foliated, often almost massive, light-coloured gneis ses with streaks 

and schlieren. The varieties g rade into each other and hence, cannot be distinguished 

on a small-scale map (1: 400 000). 
The veined gneisses are rectlinear schis tose, or crinkled and patched r ocks with 

minor folds. Their light-coloured veins are discontinuous and exhibit distinct bound 

aries or grade into the dark -coloured streaks and schlieren (Figs. 21 and 22). The 

width of the veins, streaks and schlieren ranges from a few millimetres to several 

centimetres. 

Megascopically the weakly foliated, almost massive garnet-cordierite gneisses 

with streaks and schlieren resemble, and often grade into, the coarse-grained garnet 

quartz-feldspar gneisses, but differ from them in their cordierite content, meagre 

though it iso 

In texture the garnet-cordierite gneisses are granoblastic, medium- to coarse 

g rained (0 = 1-5 mm) rocks. The garnet often occurs as porphyroblasts or clusters 

of crystals. In some places the crystals of cordierite and potash feldspar are also 

distinctly coarse. Main minerals are potash felds par, quartz, plagioclase (An' 5 40) ' 

ga rnet (11' = 1.785, 1.788, 1.790, 1.792, 1.803 depending on the outcrop), biotite 

(y' = 1.635, 1.645, 1.649, 1.654) and cordierite (distortion index <5 = 0.26- 0.29, 
y' = 1.548, 1.549, 1.552, 1.553, 1.554). The abundance of cordierite, ga rnet and 

biotite is highl y variable, so much so that cordierite is often no more than a minor 

constituent characteristic of the rock. Of the feldspars, hair-perthitic potash feldspar 

usually occurs in greater abundance than plagioclase. In some varieties, h owever, 

potash feldspar only appears as antiperthite. Sillimanite is a common minor constit

uent, but sometimes it occurs in such abundance that the term sillimanite-garnet 

cordierite-gneiss would be justified. Accessories are opaques (ilmenite, g raphite, 

pyrrhotite, pyrite), rutile, monazite, spinel and zircon. A few grains of andalusite have 
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Fig. 21. Folded migmatic gamet-co rdicritc-gneiss. D ark streaks 
are mainly biotite, cordierite and ga met. Light veins are quartz, 
plagioclase and potash feldspar. D ark, roundish dots on a lig ht 
background are gamet (0 = 1- 3 cm). lnar i, l yösä järvi. 

Photo K. Meriläinen. 

F ig . 22. Camet-cordierite gneiss. Cordierite and gamet occur p redom inantly 
in dark biotite-rich st reaks and schl ieren. Inari, T örmänen . Phoro E. H al me. 
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Fig. 23. Amphibolite relicts in ga rnet-cordierite g neiss . Inari 
järvi, Karlassaaret. PhotO K. Meriläinen. 

been encountered as relicts in the garnet-cordierite gneiss on the eastern shore of the 

lake Paadar. Sporadically distributed thoroughout the garnet-cordierite-gneisses, and 

even abundantly at some locations in the Inarijärvi area, are elongated or roundish 

relicts of different rock types , e.g. guartz-feldspar gneisses, mica gneisses, hornblende 

g neisses, pyroxene g neisses and amphibolites (Fig. 23). 
The mineral composition of the garnet-cordierite gneisses corresponds to that of 

rocks metamorphosed from aluminium-rich sands and shales, e.g. mica schists, mica 

g neisses and guartz-feldspar gneisses as weil as their migmatites with granitic material. 

However, the rocks that underwent granulitisation, and from which the garnet 

cordierite gneisses are derived exhibit inclusions indicating that they probably 

belonged to two separate gneiss associations. One of them is the gneiss association 

that characterizes the western part of the granulite complex proper (fine-grained 

garnet-guartz-feldspar gneisses, garnet-biotite gneisses and garnet-biotitc-plagioclase 

g neisses), that is, the rocks of the sedimentary group. The other is the g neiss associa

tion in the northeastern and southwestern marginal zones of the granulite complex 

(guartz-feldspar gneisses, guartzites, various biotite gneisses, amphibolites and horn

blende gneisses), i.e. the rocks of the sedimentary-volcanic group . In addition, so me 

of the garnet-cordierite gneis ses are derived from rocks of the granite gneiss complex, 

as can be deduced from the large-scale tee tonic structures of the rocks and the outcrop 
observations. 
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Table 11 
Chemical composition of garnet-cordierite gneisses. 

I \X1eight per cent I Notms 

Si0 2 1 

1 I 2 I 3 ! 4 I 5 1 I 2 I 3 I 4 I 5 

57.36 70.24 71.82 71.03 73.06 Q . . 24.10 40.69 37.55 30.36 34.04 
Ti02 0.95 0.84 0.28 0.11 0.26 or 24.74 20.57 25.85 15.12 9.62 
A l20 3 22.05 14.38 12.97 16.44 15.36 ab 8.96 12.00 15.46 34.22 36.84 
Fe20 3 2.67 1.36 1.47 0.57 0.59 an 2.28 4.92 4.28 11.59 13.87 
FeO. 6.47 4.31 3.58 1.49 1.03 c .. 14.93 6.47 3.65 2.75 1.34 
MnO 0.08 0.05 0.06 0.03 0.02 
MgO 4.24 2.24 1.86 0.92 0.69 en 10.60 5.60 4.65 2.33 1.73 
CaO. 0.47 1.08 1.06 2.42 2.86 fs .. 8.23 5.46 4.99 2.13 0.96 
Na 20 1.06 1.42 1.83 4.05 4.36 mt . 3.87 1.97 2.13 0.84 0.86 
K 20 4.18 3.48 4.37 2.56 1.63 il · . 1.81 1.60 0.53 0.21 0.50 
P20 5 0.08 0.08 0.06 0.07 0.06 ap 0.02 0.18 0.13 0.17 0.13 
CO 2 • 0.00 0.01 0.10 0.00 0.00 ce - 0.02 0.23 - -
H 2O + 0.50 0.58 0.56 0.40 0.21 
H 2O - 0.06 0.06 0.04 0.00 0.03 fem. 24.62 14.70 12.37 5.53 4.05 

100.11 1100.13 1100.06 1100.09 1100.16 

I I I 
NiggJi \'alues 

I 1 I 2 I 3 I 4 I 5 

Rb 20 0.017 0.012 0.10 0.007 0.005 al .. 41.85 39.85 37.69 46.26 45.83 
SrO . 0.021 0.032 0.038 0.075 0.071 fm . 44.60 37.76 34.19 14.81 11.96 
Zr02 0.019 0.021 0.020 0.012 0.010 c .. 1.63 5.46 5.60 12.39 15.55 
BaO. 0.14 0.10 0.20 0.15 0.04 alk. 11.92 16.93 22.52 26.54 26.66 

Cu .. 0.001 < 0.001 0.006 < 0.001 < 0.001 si . . 185.06 330.89 354.67 339.68 370.06 
Ni .. 0.008 0.007 0.007 < 0.001 < 0.001 ti · . 2.30 2.97 1.04 0.40 1.00 
V ... 0.026 0.013 0.007 < 0.001 0.004 p .. 0.01 0.16 0.12 0.14 0.12 
Cr .. 0.019 < 0.001 0.006 < 0.001 <0.001 h · . 5.38 9.11 9.21 6.38 3.56 

cO2 
- - 0.68 - -

I 

k .. 0.72 0.62 0.61 0.29 0.20 
mg. 0 .46 0.42 0.40 0.45 0.4 4 

I qz .. + 37.58 + 163.17 + 164.59 + 133.52 + 163.42 
I I 

1. Inari, Törmänen, airfield, A 268. Anal. P. Ojanperä 1968. 
2. Inari, Karttamojärv i, F 23/1968. Anal. P. Ojanperä 1968. 
3. Inari, Viekkala, A 276. Anal. P. Ojanperä. 1968. 
4. lnad, Myösäjärvi, A 269 b. Anal. P. Ojanperä 1968. 
5. Inari, Myösäjärvi, A 269 c. Anal. P. Ojanperä 1968. 

The chemical compositions of the garnet-cordierite gneis ses correspond to those 
of mica schists and kinzigites (Table 11) in South Finland (see Simonen 1953). Never
theless, the only sampie analysed from Northern Lapland which is indisputably of 

sedimentary origin comes from the garnet-cordierite gneiss at Törmänen, the others 

being migmatites of less definite origin. However, the graphite content of the garnet
cordierite gneisses and the relicts of sedimentary rocks encountered in them often 

indicate their sedimentary origin. 
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Fig.24. Coarse-grainet garnet-quartz-feldspar gneiss with pro
nounced foliation. Inari, Sikovuono. Photo K. Meriläincn. 

Coarse-grained garnet-quartz-feldspar gneisses 

Coarse-grained garnet-quartz-feldspar gneisses are encountered throughout the 

granulite complex proper, but are most abundant in its central and eastern parts 
(inner arch). Some of them are distinctly or intensely foliated (Fig. 24), whereas others 

are massive and megascopically suggestive of garnetiferous migmatite granites (Fig. 

25). Like granites, they are either grey in colour as a result of abundant quartz and 
feldspars, or brownish grey owing to weathering. However, the garnet content of 
these rocks is too high for granites. 

Foliated varieties are met with mainly in the western and central parts of the 

granulite complex proper. They are often heterogeneous gneis ses with dark schlieren 

and streaks. Veined gneisses are more rarely encountered. A characteristic feature is 
the presence of small streaks composed of garnet and biotite and sometimes oE 
sillimanite (Figs. 25 and 26). 

The foliated varieties often exhibit small bodies, bands, schlieren or lens-like 

relicts of fine-grained garnet-quartz-Eeldspar gneiss, similar to those in the garnet
cordierite gneisses. Pyroxene gneiss is occasionally interbedded with the folia ted 

coarse-grained garnet-quartz-feldspar gneiss. 
Almost massive, coarse-grained garnet-quartz-feldspar gneiss varieties are 

encountered mainly in the eastern parts of the granulite complex, especially at Inari
järvi and to the southeast and northwest of this lake. It is often a matter of opinion as 
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Fig. 25. Coarse-grained garnet-quartz-feldspar gneiss resembling 
migmatic granite. Dark schlieren are sillimanite-bearing and 
rich in garnet and biotite. Petrologically they are analogous to 
the garnet-sillimanite-biotite gneisses in the northeastern mar
ginal zone of the granulite complex. Inarijärvi, Nanguvuono. 

Photo K. Meriläinen. 

Fig. 26. Coarse-grained garnet-quartz-feldspar gneiss. Dark 
streaks consist of garnet with some biotite. Inari, Raappisoaivi. 

Photo E. Halme. 
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Table 12 
Mineralogical composition of coarse-grained garnet-quartz-feldspar 

gneisses. 

Quartz .. . ....... . . . . . .. . 
K-feldspar . .. . . . . . . .. . .. . 
Plagioclase .. . . .. ...... . . 
Biotite ......... ... ... .. . 
Scricite .. . ... . ..... . ... . 
Gamet .. . ..... . . . ...... . 
Sillimanite . .. ... . . . .. . . . . 
Acccssories ..... . ..... .. . 

An . .... . . . ........ . . .. . 

37 .7 
22.8 
19.5 

+ 
5.5 

14.3 

0.2 

nd 

1. 1nari, Morgamjärvi, 164/KM/57 . 
2. lnari, Joukaisvaara, 1l /KM/56. 
3. lnari, Menesjoki, 128 a/KM/56. 
4. 1nari, Kaitamojärvi, 134/AT/56. 

2 

36.2 
25.6 
18.5 

+ 
1.0 

16.6 

2.1 

35 

29.2 66.5 
21.0 18.4 
24.3 7.3 

1.0 + 
+ + 

13.0 6.8 
+ 

1.5 1.0 

45 nd 

to whether or not these varieties should be distinguished from the garnet-bearing 

migmatic granites and the light-coloured, slightly foliated garnet-cordierite gneisses. 
The differences between them are largely due to their distinct mineral composition 

and structures; this is also typical of some other migmatite areas, e.g. that of South 

Finland (see Härme 1958, 1959, 1965). 
The coarse-grained garnet-quartz-feldspar gneisses are granoblastic in texture and 

medium- to coarse-grained (0 = 1- 5 mm) rocks. Main minerals are quartz, potash 

feldspar (tric1inicity LI = 0.0- 0.4), plagioc1ase (An Z5 - 45) and garnet (11' = 1.782, 
1. 783, 1.784, 1.787, 1.789, 1.790, 1.797). The potash felds par is hair-perthitic ortho

c1ase, and the garnet is pyrope-rich almandine (pyrope c. 30- 35 %, grossularite 1 % 
and andradite 5 %). Furthermore, biotite and frequently sillimanite also occur. 
Accessories are rutile, monazite, graphite and zircon. Sericite, chlorite and secondary 
biotite (Table 12) are alteration products, and sometimes andalusite occurs as relicts 

Cl oukaisvaara). 
In chemical composition the coarse-grained garnet-quartz-Eeldspar gneisses 

(Table 13) correspond to the kinzigites and mica schists of South Finland derived 
mainly from greywackes, mixtures of sand and shale (see Simonen 1953). The simi

larity between some of these and the biotite-muscovite-plagioc1ase gneiss oE Kivi
lompolo, Vätsäri, is obvious (see Table 6). Although the coarse-grained garnet

quartz-feldspar gneisses correspond in chemical composition to various greywackes 
and shales, some of them at least are indisputably granulitised migmatites. Before the 

granulitisation these migmatites were infra- and supracrustal rocks typical either of 
the granite gneiss complex or the northeastern marginal zone oE the granulite complex. 

There are good examples of the tuffaceous origin oE the coarse-grained garnet
quartz-feldspar gneis ses in the southwestern marginal zone oE the complex, where the 

hornblende gneis ses altered to garnet-quartz-feldspar gneis ses during granulitisation. 
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Table 13 
Chernical cornposition of coarse-grained garnet-quartz-feldspar-gneisses. 

Si0 2 .....•..•...• . •..... 

Ti02 . .. . • . . • . ... •. ..• . . 

Al 20 a ......•. . ... . ..... 
Fe20 a .. . •......... . .... 
FeO . . .... . . . .......... . 
MnO .. . ... . . . ....... .. . 
MgO . . ...... . . . . . . . ... . 
CaO ... . . . ............. . 
Na 20 ........ . ....... . . . 
K 20 ..... . . .... . . .. . ... . 
P20S .. . ............... . 
CO2 .. .... .. . . . . . . ..... . 

H 20 + ..... . ....... ... .. . 
H 20 - . .... .. .. ... .. .. . . . 

Quartz .. . .. . .. . ... . .. . .. 
Potash feldspar . . . . . . . . . . 
Plagioclase . . . . . . . . . . . . . . 
Biotite •••• •• •• 0 ••••• 0" • 

Serieite . . . . . . . . . . . . . . . . . 
Gamet .......... .. . .. . .. 
Alter. products . . . . . . . . . . 
Sillimanite ....... . . . . . . . . 
Accessories ....... ... ... . 

An • • • 0 •••• • • • • • • •• • •• . . 

Weight per cent 

I 2 

I 
71.94 68.04 67.34 

0.05 0.55 0.69 
14.40 16.42 14.85 

0.71 1.01 2.38 
2.99 4.49 4.90 
0.09 0.08 0. 12 
1.31 2.07 2.67 
1.17 1.67 1.70 
2.01 1. 97 1.75 
4.11 2.75 2.90 
0.07 0.08 0.06 
0.22 0.00 0.00 
0.62 0.50 0.56 
0.09 0.12 0.11 

99.78 1 99.75 1100.03 

Mode 

2 

37.7 36.2 29.2 
22.8 25.6 21.0 
19.5 18.5 24.3 

+ 1.0 
5.5 1.0 + 

13.7 16.6 12.5 
0.6 + 0.5 

+ 
0.2 2. 1 1.5 

100.0 100.0 100.0 

nd 35 45 

Q .. . . . . . .. . 
or . ........ . 
ab .. . ..... . 
an ... . ... . . 
c ..... . ... . 

en ... . .... . 
fs .. .. ..... . 
rnt . . .... . . . 
il ... . ..... . 
ap .. . ... . . . 
ce .. . .... . . . 

fern ....... . 

a[ · . . . . . . . . . 
frn .. ..... . 
e .... , .. . _, 

alk 

si .. . . . . . . . . 
ti · . .. .. . . . . 
p · . 0 ••• 0 • •• 

h . .... .. . .. 
cO2 ..... .. . 

k · . . . . . . . . . 
rng .... .. .. 

38.58 
24.27 
16.99 

4.01 
5.18 

3.26 
5.00 
1.02 
0.09 
0.1 7 
0.50 

10.04 

43.8 
26.1 

6.5 
23.6 

371.5 
0.1 9 
0.16 

12.2 
1.6 

0.57 
0.39 

Norms 

2 

36.56 35.81 
16.25 17.15 
16.68 14.79 

7.82 8.09 
7.33 5.87 

5.15 6.65 
6.65 6.12 
1.46 3.45 
1.05 1.30 
0.18 0.13 

14.49 17.65 

Niggli va lues 

3 

42.4 36.3 
33.6 41.4 

7.9 7.6 
16.1 14.7 

298.5 279.6 
1.8 2.1 
0.15 0.1 
9.0 9.3 

0.48 0.52 
0.40 0.40 

qz .......... + 177.1 + 134.1 + 120.8 

1. lnari, Morgarnjärvi, 164/KM/56. Anal. A. Heikkinen 1957. 
2. Inari, Joukaisvaara, 11 /KM/56. Anal. A. Heikkinen 1957. 
3. Inari, Menesjoki, 128 a/KM/56. Anal. P. Ojanperä 1957. 

However, these alterations require intergranular movement, and wherever this 

movement was lacking the hornblende gneisses have usually altered to hypersthene 

gneisses (Table 19). 

Fine-grained garnet-quartz-feldspar gneis ses 

Fine-grained garnet-quartz-feldspar gneiss is the dominant rock type in the western 

part of the granulite complex, e.g. on the fells of Marestatunturit, Viipustunturit and 

Hammastunturit and at many localities in Saariselkä and even on the fells of Pais-

7 12824- 75 
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Fig. 27. Finc-graincd garnet-quartz-feldspar gnciss. Garnets are limited almost 
cntirely to light-coloured quartz-feldspar-bearing layers . Utsjoki, Rittatshobma 

ncar Inarijoki. Photo E . Halmc. 

tunturit and Muotkatunturit. It is generally easy to distinguish this rock from the 

other main rock in the area, garnet-biotite gneiss, by its greater resistance to erosion, 

lighter colour and lower garnet content. However, transitional varieties exist between 

these two. In some pi aces, the fine-grained garnet-quartz-feldspar gneis ses also 

contain schlieren, bands, small bodies and even fairly extensive areas of coarse

grained garnet-quartz-feldspar gneisses, as in the tributaries of the river Menesjoki. 

However, on the whole, these coarse-grained varieties are more foliated than the 

varieties in the eastern and central parts of the complex. 

The weathered surface of the fine-grained garnet-quartz-feldspar gneis ses is grey 

or greyish-white. The fresh fracture surface is lighter in colour than the weathered 

surface and usually distinctl y banded (Fig. 27). The banded character of the rock is 
emphasized by the fact that the dark bands are richer in biotite and often have darker 

quartz than do the light ones. Garnet occurs mainly in the light-coloured bands, 

where it was formed from biotite during the metamorphie differentiation of the rock. 

Other characteristics of the fine-grained garnet-quartz-feldspar gneisses are their 

small grain size (0 = 0.2- 1 mm), abundant quartz and feldspar, but low or meagre 

garnet and biotite content . Furthermore, the rock is distinctly folia ted, with rectan

gular cleavage (Fig. 28). In habit the fine-grained garnet-quartz-feldspar gneisses are 

suggestive of the acid granulites of Saxony. 

The texture of the fine-grained garnet-quartz-feldspar gneisses is granoblastic or 

blastoclastic (Fig. 29). Main minerals are plagioclase (An15 - 40, usually An 25 - 35), 
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Fig. 28 . Gently dipping fine -grained garnet-quartz -feldspar gneiss with rectan
gular cleavage. Inari, Paltsavaara . Photo K . Meriläinen. 

Fig. 29. Blastoclastic texture in fine-grained garnet-quartz-feldspar gneiss . Dur
ing the granulitisation of the rock two or more quartz crystals ha ve joined to 
form one. Even so, traces of the original texture can often still be discerned 
as embayed margins of large crystals or as fine dust-like groundmass demarking 

the crysta ls. Utsjoki, Buornavaara. Magn 20 x. Photo E. Halme. 
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Table 14 
Mioeralogical compositioo of fioe-graioed garnet-quartz-feldspar goeisses. 

2 

Quartz •..••..•...••... o. 87.3 72.8 
K-feldspar .............. 3.4 1.0 
Plagioclase .............. 3.6 22.1 
Biotite ., .......... . ..... 1.2 
Sericite ................. 
Gamet .................. 3.6 2.6 
Sillimaoite ••••••••• 0 • • •• • 

Accessories •••••••• 0 ••• 0 ' Ll 0.3 

Ao ........ , .... . ... . ... 25 30 

1. loari, Avdshikasoaivi, 144 b/PV/56. 
2. Inari, Roavvioaivi, 154/KM/56. 
3. loari, Kolshaooaivi, 35/KM/56. 
4. Inari, Vestojoki, 3 a/KM/56. 
5. loari, Sallajokkaoaivi, 115 c/KM/56. 
6. loari, Ladojoaivi, 41 /KM/56. 
7. Inari, Pohj. Kynsileikkaamapää, 73 b/PV /56 . 
.s. loari, Pohj . K yosileikkaamapää, 74/PV /56. 

4 6 

63.7 52.2 52.0 60.3 60.2 
18.3 23.9 18.4 5.5 

26.5 19.5 12.0 12.8 26.1 
0.4 6.7 4.4 1.8 1.8 
5.1 
4.1 3.1 6.6 5.3 6.0 

0.6 0.9 
0.2 0.2 0.5 0.5 0.4 

42 35 35 od 35 

50.6 
18.1 
18.3 

3.5 

8.3 
0.6 
0.6 

25 

potash feldspar and garnet, with quartz averaging more than half of the minerals. The 

'amounts of plagioclase and potash felds par vary and, on the whole, the varieties that 

are richest in quartz are also frequently richest in plagioclase. The garnet content also 
varies, but it is always markedly lower than in the garnet-biotite gneisses. In composi

ti on the garnet is pyrope-rich almandine: c. 35- 45 % pyrope, 55-60 % almandine, 
2- 5 % andradite, 1- 2 % grossularite and 1- 2 % spessartite (n' = 1.782, 1.783, 
1.785, 1.786, 1.787, 1.788, 1.788, see p. 42). Biotite also occurs in addition to the 
,garnet as does some sillimanite, but there are seldom more than a few percent of 

biotite. Accessories are g raphite, opaques, apatite, monazite, rutile and zircon. 
Graphite is sometimes so abundant that it is a significant minor constituent of the 

rock. The mineral compositions of the fine-grained garnet-quartz-feldspar gneisses 

are given in Table 14. 
The chemical composition of the fine-grained garnet-quartz-feldspar g neisses 

corresponds to that of greywackes, subgreywackes and intermediate tuffaceous 
sediments (Table 15). Some of the varieties richest in quartz and at the same time 
poorest in garnet are derived from relatively pure quartz sandstones. Well-defined 

fine-grained garnet-quartz-feldspar gneis ses of tuffaceous origin occur in the south 

western marginal zone of the complex. In this zone hornblende gneisses (tuffaceous 
sediments) were altered during g ranulitisation into hypersthene-bearing quartz

feldspar gneisses and as result of associated intergranular movements, into fine 
grained garnet-quartz-feldspar gneisses. They can hardly be distinguished from the 
fine-grained garnet-quartz-feldspar gneisses derived from greywackes and sub 
greywackes. The former, ho,,-ever, form a distinct group of rocks of sedimentary 
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Table 15 
Chemical composition of fine-grained garnet-quartz-feldspar gneisses. 

Si02 •..•. •..• .. .. • . ..• .. 

Ti02 •. .... . . •••.• . •. . •• 

Al20 3 .••..• ... • . • .• ... • 

Fe203 ......... . . . .. .. . . 
FeO .. ....... .. .. ...... . 
MnO ... . . . . .. ... .. . ... . 
MgO . . . .. ..... .. ..... . . 
CaO ...... ...... ....... . 
Na20 .... .. ........ .. .. . 
K 20 ........ ... .. . . .. .. . 
P 20 S • • •• • •••••• • •• ••••• 

CO2 • • •• ••••••••••• • ••• • 

H 20 + . . .. . .. ........... . 
H 20 - ..... . . . ... . . ..... . 

Quartz ..... ...... ... . ... 
Potash feldspar . . . . . . . . . . 
Plagioclase .. . . . .. . . . . ... 
Biotite .................. 
Garnet ... . . ... . ......... 
SiIlimanite ......... .. .... 
Accessories . . ... . . , .. . .. . 

A n ... , ... . . . ... .. . , . . .. 

Weight per cent 

3 

78.38 78.52 82.25 
0.53 0.47 0.40 

10.38 9.74 9.08 
0.87 0.63 0.28 
2.84 3.19 2.01 
0.04 0.07 0.03 
1.16 1.61 0.94 
1.18 1.13 1.66 
1.79 1.62 2.06 
2.54 2.65 0.94 
0 .08 0.09 0.07 
0 .00 0.00 0.00 
0.23 0.42 0.20 
0.08 0.12 0.10 

100.10 1100.26 1100.02 

Mode 

2 

50.6 52.2 72.8 
18.1 18.3 1.0 
18.3 19.5 22.1 

3.5 6.7 1.2 
8.3 3.1 2.6 
0.6 
0.6 0.2 0.3 

100.0 100.0 100.0 

25 35 30 

Q ........ .. 52.50 
o r .... . . ... . 15.03 
ab .. . ... . . . 15.16 
an . .. . .... . 5.37 
c .. .. .... .. 2.71 

en ........ . 2.89 
fs .. ...... .. 3.70 
mt ... .. .. . . 1.25 
il . . . . ... .. . 1.00 
ap . . .. . . .. . 0.18 

fern .. . .... . 9.02 

al . . . . . . . . . . 39.4 
fm 30.8 
c . . . ... . ... 8.1 
alk . . . . . . . . . 21.7 

si . ...... . .. 504.8 
ti . ....... . . 2.6 
P , .. .... .. . 0.22 
h . . .... . . . . 6.7 

k . ........ , 0.48 
mg ... .. ... 0.36 

qz ..... . . ... + 318.0 

1. Inari, Pohj. Kynsileikkaamapää, 74/PV/56. Anal. P. Ojanperä, 1957. 
2. Inari, Vestojoki, 3 a/KM/56. Anal. P. Ojanperä, 1957. 
3. Inari, Roavvioaivi, 154/KM/56. Anal. P. Ojanperä, 1957. 

Norms 

52.26 
15.64 
13.69 

5.06 
2.36 

4.01 
4.70 
0.90 
0.89 
0.21 

10.71 

N iggli va lues 

2 

36.3 
35.4 

7.7 
20.6 

497.0 
2.2 
0.24 

11.4 

0.52 
0.43 

+ 314.5 

60.60 
5.57 

17.41 
7.82 
1.81 

2.34 
2.86 
0.39 
0.76 
0.16 

6.51 

41.1 
25.4 
13.6 
19.9 

630.8 
2.3 
0.23 
7.6 

0.23 
0.42 

+ 451.2 

ongtn together with the shale-derived garnet-biotite and garnet-biotite-plagioclase 
gneisses of the granulite complex proper. The amount of voleanic component of 
these rocks is uncertain. 

Carbonate-bearing intercalations are encountered in the fine-grained garnet

quartz-feldspar gneis ses on the fells of Marestatunturit, e.g. at Raappisoaivi (Fig. 30). 
The texture of these intercalations is blastoclastic. Main minerals are quartz, carbonate, 
clinozoisite and tremolite. In addition, garnet, chlorite, tale and scapolite are en

countered. Accessories are titanite, apatite and zircon. Approximately 20 to 40 
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Fig. 30. Carbonate-bearing intercalations in linc-grained garnet
quartz-feldspar gnciss. lnari, Raappisoaivi. Photo K.l\leriläinen. 

percent of the minerals in the rock are carbonate and about 50 to 60 percent quartz. 
The carbonate-bearing or -rich beds and bands in the fine-grained garnet-quartz

felds par gneisses suggest that minor calcareous sands tones were also formed during 
the deposition of the sedimentary g roup in the granulite complex. It seems that 

the carbonates are of organic origi n as is also the g raphite. 

Garnet-biotite gneisses 

There are several varieties of garnet-biotite gneisses, ",hich differ from each 

another on the basis of their garnet and biotite contents. They are more readily 
weathered, richer in garnet and darker in colour than the fine-grained garnet-quartz 

fe lds par gneisses, and hence, usually easy to distinguish from them. There are, 
however, transirional types of all degrees between these two. 

The most typical garnet-biotite gneisses are interbedded (some decimetres to 

several metres thick) wirh the fine-grained garnet-quartz-feldspar gneisses, in which 
case the fine-grained garnet-quartz-feldspar gneiss is the predominant rock type. 

Less commonly, the garnet-biotite gneiss predominates, and then the fine-grained 
garnet-quartz felds par gneiss occurs as irregular alternating narrow bands in the 
garnet biotite gneiss. 
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Fig. 31. Garnet-rieh garnet-biotite gneiss. Diameter of garnets 
and garnet clusters ranges from 2 to 5 em. lnari, Fällipesoaivit. 

Photo K. Meriläinen. 

I I 
5cm 

Fig. 32. Typieal garnet-biotite gneiss. Diameter of garnets ranges frorn 
3 to 10 111m. Inari, Fällipesoaivit. Photo E. Halme. 
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The colour of the weathered surface of the garnet-biotite gneis ses lS often a 

characteristic grey-brown interspersed with violet. The fresh fracture surface is 
either grey with crystals of red-brown garnet or yellow-brown as a consequence of 

weathering and abundant garnet. Most of the garnet-biotite gneis ses are easy to 
identify on the basis of their biotite content. However, in some cases biotite has been 
almost wholly replaced by garnet under the conditions of the granulite facies. Single 

garnet crystals and garnet aggregates often form large augen shaped structures, 

usually 0.5- 1 cm in diameter, rarely as much as 2- 3 cm (Figs 31 and 32). 
The texture of the garnet-biotite gneiss is granoblastic. The space between the 

large garnet porphyroblasts (n' = 1. 785) is composed of fine-grained (0 = 0.5- 2 mm) 
potash felds par, quartz and plagioclase (AnIs - 30). There are usually only a few percent 

of biotite (r' = 1.637), but still quite enough to colour the fresh fracture surface grey. 
Also often encountered are sillimanite and the accessories apatite, opaques, graphite, 
rutile and zircon. 

TabJe 16 
Chernical cornposition of garnet-biotite-gneiss . 

lnari, Raappisoaivi, 147/KM/56. Anal. P. Ojanperä 1957. 

Si0 2 ....•..........•.... 

Ti02 •..•....• . • • •.....• 

AI 20 a ······•··········· . 
Fe20 a .. ...... . . . ...... . 
FeO ................... . 
MnO .... . ........ . . . .. . 
MgO .................. . 
CaO .... ..... ....... . .. . 
N a20 .................. . 
K 20 ........... . ....... . 
P20 S . • • • . •...••.•• . . ... 

CO2 •.....•..••..••....• 

H 20 + .. ..... ........... . 
H 20 - .. .. ........ ... ... . 

Weight per cent I Norms 

53.42 
0.90 

26.29 
1.63 
6.50 
0.05 
3.35 
0.55 
1.72 
5.15 
0.11 
0.00 
0.51 
0.14 

100.34 

Q ... .... ... 13.64 
or . . . . . . . . .. 30.45 
ab .. ....... 14.53 
an . .. ... ... 2.06 
c ...... .... 17.14 

en ... .... .. 8.34 
fs .......... 9.19 
rnt ......... 2.36 
il ... . ...... 1.71 
ap ......... 0.27 
ce . . ..... .. . 
fern . .. . .. . . 21.87 

Niggli va lucs 

al ......... . 
frn 
e .. .. .... . . 
alk ..... . .. . 

si ......... . 
ti . . ....... . 
p ........ . . 
h 
cO2 •.....•.. 

47.4 
35.7 

1.8 
15.1 

163.2 
2.1 
0.14 
6.6 

k . . .. .... . . 0.66 
rng ....... . 0.43 
qz .... . .... . + 2.8 
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The chemical and mineral composltlons of the garnet-biotite gneis ses indicate 

that they derive from argillaceous sediments (Table 16). They have high AI 20 a and 
K 20 contents but low CaO like normal argillaceous sediments. The pyrite and 
pyrrhotite disseminations and graphite content suggest that sapropelic sediments 

were also formed during the deposition of the shales. 

Garnet-biotite-plagioc1ase gneisses 

Garnet-biotite-plagioclase gneisses occur locally as beds a few decimetres thick in 

the garnet-biotite gneisses and in the fine-grained garnet-quartz-feldspar gneisses. 
Sometimes the beds are several metres wide, but they mayaiso be visible only as 

bands a few centimetres wide on the weathered surface of the rock. In the garnet 
gneisses in the eastern part of the granulite complex proper they have often been 

observed merely as relicts. Transitional varieties from garnet-biotite-plagioclase 

gneis ses to garnet-biotite-gneisses and pyroxene gneisses also occur. 

The garnet-biotite-plagioclase gneis ses are dark brown or grey-brown, fine

grained (0 = 0.2-1 mm) and biotite-rich rocks. The garnet porphyroblasts and 
aggregates are distinctly smaller than those in the garnet-biotite gneis ses (0 = 

1- 3 mm). 

The texture of the garnet-biotite-plagioclase gneisses is granoblastic, and the main 

minerals are plagioclase (An 3 7 - 5 7)' quartz, biotite and garnet (n' = 1.786, 1.790). 
Plagioclase accounts for roughly 50 per cent and quartz for 25 percent of the minerals . 

The amount of garnet varies and biotite is always present in abundance. Some 

varieties also contain hypersthene. A most interesting feature is the almost total 
absence of potash feldspar. Accessories are apatite, zircon, rutile and opaques (Table 

17). 

Table 17 
Mineralogical composition of garnet-biotite-plagioclase gneisses. 

1 I 2 I 3 I 4 I 5 

Quartz ... . .... . .... .. ... 18.9 22.2 24.6 25.1 30.2 
K -feldspar ..... , ........ - - - - 6.1 
Plagioclase ., .......... .. 40.4 40.6 53.1 51.5 40.9 
Biotite .. . , ...... ...... .. 15.6 21.6 16.2 13.4 18.3 
Garnet ..... , , ....... .. .. 23.4 14.7 4.2 8.8 2.8 
Hypersthene .. .... ....... - - 1.7 - -
Accessories ........ ... . . . 1.7 0.9 0.2 1.2 1.7 

An .. ,., .. .... .. . ....... 40 38 50 40 36 

1. Inari, Jänispää, 119/KM/56. 
2. Inari, Kolshanoaivi, 85 a/KM/58. 
3. Inari, Tuorisoaivi, 167/KM/56. 
4. lnari, Arkkulautavaara, 21 /KM/56. 
5. Inari, Sallajokkaoaivi, 114/KM/56. 

8 12824-75 
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Table 18 
Chemical composition of garnet-biotite-plagioclase gneiss. Inari, Toarisoaivi, 167/KM/56. 

Anal. P. Ojanperä 1957. 

Si0 2 •••••••.•••.••.••••• 

Ti02 ..••...••.•.......• 

Al 20 3 .••• ••. . .• . • ..••• • 

Fe20 3 ••••••• • •••••••••• 

FeO ................. .. . 
MnO ........ .......... . 
MgO ..... . ... . ...... . . . 
CaO ........ . .......... . 
N a20 .... .... . ......... . 
K 20 ................... . 
P20 S • .. ••• ••• •••.•••••• 

CO2 ....•...•......•..•. 

H 20 + .... ... .. .. ....... . 
H 20 - ............... . . . . 

Quartz ... . ............. . 
Potash feldspar ......... . 
Pl.agioclase . ........... . . 
BlOtlte . . ....... ....... . . 
Gamet . ... . ............ . 
H ypersthene .... .... .... . 
Accessories .......... . .. . 

An ......... . ........ . .. I 

\X1eight per cent I Noems 

61.92 
0.44 

19.12 
0.40 
4.11 
0.06 
2.89 
6.27 
2.58 
1.34 
0.16 
0.00 
0.57 
0.10 

99.96 

?\fode 

24.6 

53.1 
16.2 

4.2 
1.7 
0.2 

100.0 

50 

Q ..... .... . 
or . ... .. ... . 
ab ...... . . . 
an ........ . 
c ...... . .. . 

en ........ . 
fs ....... . . . 
mt ........ . 
il ...... ... . 
ap ....... . . 
ce . .. ...... . 
fem ....... . 

l iggl i va lucs 

al ......... . 
fm . ....... . 
c . ........ . 
alk .. . ... . . . 

si .. . . .. ... . 
ti 
p ......... . 
h 
co •........ 

21.45 
7.90 

21.82 
30.18 

2.37 

7.20 
6.59 
0.58 
0.83 
0.37 

15.57 

38 .3 
27 .5 
22.8 
11.4 

210.4 
1.1 
0.22 
7.6 

k .-......... 0.25 
mg ... . ... . 0.53 
qz .. . ..... . . + 64.8 

Since the chemical cOmpOSltlOn of the garnet-biotite -plagioclase gneisses 1S 

markedly higher in CaO than is that of the ga rnet-biotite gneisses (Table 18), the 
former are presumably derived from calcareous shales and greywackes. During 

regional metamorphism the carbonates disintegrated, with the consequence that CO 2 

was expelled from the rock and the CaO became incorporated into anorthite-rich 

plagioclase. The anorthite content of the plagioclase is indeed appreciably higher 
than that of the plagioclase in other garnet gneisses, e.g. the garnet -biotite varieties. 

P yroxen e gneisses 

Pyroxene gne1sses are rare although sporadically distributed throughout the 
garnet gneis ses of the granulite complex proper. In the western part of the complex 
they usually occur as beds ran ging in thickness from some decimetres to a few metres , 

but in the eastern part they are often no more than relicts of variable size. 
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Locally, and specifically at the western margin oE the granulite complex proper, the 

pyroxene gneis ses are interbedded with fine- and coarse-grained garnet-quartz

Eeldspar gneisses. These pyroxene gneisses are metamorphosed amphibolites and 
hornblende gneisses similar to those found in the southwestern marginal zone oE the 

g ranulite complex. A few zones, some tens oE metres wide at the most, in which the 
pyroxene gneisses are interbedded with garnet gneis ses have been found locally als o 

inside the g ranulite complex . One exceptional zone, 300- 400 m wide, occurs 
at ]oukaisvaara about 6 to 8 km east oE the easternmost co rner oE the Vaskoj oki 
anorthosite. At Vollivaara, between I valo and ellimö, pyroxene g neisses have been 

encountered that are oEten h ornblende-bearing. Their mineral composition differs 

mainly in the relative abundances oE hypersthene and plagioclase (An 60 - 70)' They are 
identical to the pyroxene gneisses encountered from the banks oE the river Tenoj oki, 
no rth oE Karigasniemi, in the southwestern marginal zone oE the g ranulite complex 

(p. 81). 

The pyroxene g neisses are fine -grained (0 = 0.5-1 mm) dark brown r ocks, 
but at the marginal zones oE the g ranulite complex proper they are als o lighter, brown 
grey in colour. 

The texture oE the pyroxene gneis ses is granoblastic. Main minerals are plagio

clase (An so - so), hypersthene (y' = 1.716, a' = 1.702, 2Va = 50°), quartz and oEten also 

biotite. Sometimes, and particularly at the margins oE the granulite complex proper, 

the p yroxene g neisses also contain diopside (cAy = 39- 40°, 2Vy = 48°) and potash 
fel ds par. The accessories, apatite and opaques, are found in Ear greater abundance in 

the pyroxene gneisses than in the other gneisses oE the g ranulite complex proper. 
A lteration products are h ornblende and tale. Garnet is n ot encountered in the m ost 

common pyroxene gneis ses (Table 19) . The biotite-rich varieties are transition al 

Table 19 
Mineralogical composition of pyroxene gneisses. 

Quartz •••••••••• 0 ••••••• 8.9 8.0 8.8 19.9 18.1 20.6 
K -feldspar •••• • • 0 ••• • ••• 3.0 4.0 
Plagioclase ... .. . . .. . .... 51.5 57.7 74.7 62. 1 55.2 48.2 
Biotite •••• • ••••• 0 •• • • • •• 1.6 7.9 + 6.4 11.4 
H ornblende . ..... . . ... ... 1.7 
H ypersthene . . . . . . . . . . . . 35.0 24.9 9.4 10.6 17.6 17.6 
Diopside •••••••• 0 ••••••• 3.9 
Accessories . . . . . . . . . . . . . . + 1.5 1.5 3.4 2.7 2.2 

An . .. . . .. - , .. .. .. .... . . 60 70 40 nd nd 50 

1. Inari, Jäkäläpää, 146/KM/56. 
2. Inari , Kynsileikkaamapää, 93/KM/56. 
3. Inari, Ladnjoaivi, 44 a/KM/56. 
4. Utsjoki , Paktivaara, 121 /HN/59. 
5. Inari, Verkko järvi, 254/PV/58. 
6. U tsjoki, Paaddosoa ivi, 115/H N /59. 
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types to biotite-plagioclase-gneisses; when rich in hornblende they grade into horn
blende gneisses . 

The pyroxene gneisses are derived from amphibolites and hornblende gneisses, 
some of which were originally basic volcanic rocks, sills or diabases, some othen; 

metamorphosed calcareous sediments rich in iron and magnesium. 

Infracrustal rocks 

The infracrustal rocks of the granulite complex proper are mainly quartz diorites 

concordant with the garnet gneisses. In addition, gabbros, diorites, some ultrabasic 
rocks and garnetiferous porphyritic potash granites are also found. There are three 

varieties of quartz diorite: hypersthene quartz diorite, garnet-biotite quartz diorite 
and the scapolite-biotite quartz diorite of Vuoskuljärvi. The garnet-biotite quartz 

diorites and garnetiferous porphyritic potash granites can be distinguished from the 

other infracrustal rocks of the granulite complex proper in that they are always 
garnet-bearing and that locally they grade into coarse-grained garnet-quartz-feldspar 

gneisses. On the other hand, the hypersthene quartz diorites are seldom garnetiferous. 

Observations indicate that the infracrustal rocks (with the exception of the Nattanen 

and Juvoaivi granites) are concordant with the garnet gneisses. The main reason for 
this is that granulitisation or diaphthoretic metamorphism took place after the 

emplacement of these infracrustal rocks and hence, the coherent orientation of the 
garnet gneisses and infracrustal rocks does not necessarily re fleet the synkinematic 

character of the infracrustal rocks. 

Ultra basic rocks 

Ultrabasic infracrustal rocks occur as small bodies or lenses . In some tectonised 

zones they are schis tose and even mylonitic, elsewhere massive or only slightly foliated. 

Table 20 
Mineralogical composition of ultrabasic infracrustal rocks . 

Olivine ................ . 
Hypersthene . ...... ..... . 
Augite ................. . 
Hornblende . .. ...... . ... . 
Tale ................... . 
Biotite .... . .. .. .. .. .. .. . 
Plagioclase ............ . . 
Accessories ............. . 

An .... ...... . ... . ..... . 

0.8 
22.5 
49.0 
23.4 

3.2 
0.6 
0.5 

nd 

1. Inari, Pastepelltshokka, 160 a/AT/57. 
2. Inari, Siveloaivadsh, 251/PV/58. 
3. Inari, Etusolmujärvet, 6 a/PV/56. 

2 

31.1 
8.8 

58.0 

2.1 

3 

37.9 
11.8 
29.0 

5.4 
3.2 

10.9 
1.8 

55 
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The ultrabasic rocks are dark brown or black in colour. They are locally cut by thin 

quartz-feldspar veins that are often garnetiferous . 
The texture of the ultra basic rocks is hypidiomorphic, granoblastic, locally 

nematoblastic or mylonitic. In mineral composition they are hypersthenites , 
hypersthene-augite, hypersthene-hornblende or hypersthene-augite-hornblende rocks. 

Furthermore, they often contain some olivine, plagioclase and biotite as weIl as 
opaques and apatite as accessories. In the tectonised zones the following alteration 

products occur: tremolite, cummingtonite, serpentine, chlorite, tale, biotite, epidote, 
sericite and quartz. Table 20 gives the mineral compositions of the ultrabasic rocks as 

determined by point counter. 

Gabbros 

Gabbros are smalI, discrete intrusions or portions in the quartz diorites. They are 

brown grey in colour. Their plagioclase is also brownish or yellow brown as it usually 
is in basic, hypersthene-bearing rocks in charnockite areas. They exhibit weakly or 

highly foliated structure with a medium grain size (0 = 1- 3 mm). 
The texture of the gabbros is hypidiomorphic or hypidiomorphic-granular and 

sometimes even distinctly cataclastic. The main minerals are plagioclase (An so - 7o), 

hypersthene and hornblende. The abundance of hornblende and hypersthene is 

variable. The hornblende is dark brown in colour and pleochroic: y' = dark brown > 
a' = yellow brown. Augite and sometimes biotite are also present. Accessories are 
apatite and opaques. Alteration products are biotite, colourless or light-coloured 

hornblende, sericite and serpentine. The colour index is 30-65. The mineral compo
sitions of some gabbros are given in Table 21. 

Table 21 
Mineralogical composition of gabbros. 

Plagioclase ............. . 
Hornblende ...... ...... . 
Tremolite ..... ......... . 
Hypersthene ............ . 
Augite ... ........ ..... . . 
Biotite ....... . .. .... ... . 
Accessories .. . .......... . 

An ........... . . . . .... . . 

Color index 

49.4 
23.0 

27.2 
0.4 

+ 
65 

50.6 

1. Inari, Ladnjoai,' i, 43 c/KM/56. 
2. Inari, Kolshanoaivi, 36/KM/56. 
3. Inari, Härkäpuro, 166/KM/56. 
4. Inari, Kettujoki, 96/KM/60. 

35.0 
40.9 

21.8 
2.3 
+ 
+ 

60 

65.0 

47.9 
21.2 

29.7 

+ 
+ 

1.2 

60 

52.1 

4 

65.9 
10.4 

+ 
15.0 

7.4 

1.3 

50 

34.1 
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Table 22 
Mineralogical composition of diorites. 

Diorites 

Quartz .. ...... ......... . 
K-feldspar . . ........... . 
Plagioclase ...... . ..... . . 
Hypersthene .. . . .... .... . 
Augite ................. . 
Hornblende . ............ . 
lliotire ............ . ... . . 
Scapolite . .... ... ....... . 
Accessories ............. . 

An .................... . 

Color index . ............ 1 

1. lnari, Rääpisjärv i, 8/KM/56. 

0.8 
6.6 

67.4 
4.4 
5.8 

9.7 

5.3 

43 

25.2 

2. Utsjoki, K arnasrattaoaivi, 41 a/AH/60. 
3. lnari, Sotajoki, A 241. 
4. Inari, Pai lovaara, A 225. 

2 

--l-

63.0 
21.8 

+ 
12.5 

2.7 

60 

24.5 

1.4 
3.7 

81.9 
6.5 
1.4 
0.3 
2.5 

2.3 

50 

13.0 

4 

2.1 
6.8 

58.1 
11.6 

9.4 

3.5 

8.5 

nd 

33.0 

Diorites occur as portions in the quartz diorites and as independent intrusions. In 
structure they are weakly foliated, and in colour greenish or brownish grey. 

The texture of the diorites is hypidiomorphic or hypidiomorphic-granular. Main 

minerals are plagioclase (An 43 - S0) and hypersthene (Table 22). In addition a few 

percent of augite, biotite and potash felds par are present as weil as minor quartz and 
occasional hornblende. Marialitic scapolite is abundant in one of the diorites. Acces

sories are opaques and apatite. Apatite is clearly more abundant than it is in the other 

plutonic rocks of the granulite complex proper, which also applies to the apatite in the 
diorites in the southwestern marginal zone of the granulite complex. The colour index 

is less than 30. Some of the diorites are plagioclase-rich leucodiorites or anorthositic 
diorites (colour index < 15). The an orthositic diorites in the southwestern marginal 

zo ne of the g ranulite complex are similar but hornblende-bearing (see Table 37). 

Quartz diorites 

Quartz diorites form rock sequences, some kilometres in length, which are usually 

composed of several discrete intrusions. In some localites the quartz diorites also 
contain gabbro and diorite portions and a few of them are intruded by thin garnet

bearing quartz-feldspar dykes. The quartz diorites are brown or greenish grey 
(hypersthene-bearing) or light grey (hypersthene-deficient) depending on their 

mineral composition. 



K. Meriläinen: Granulite complex in Finnish Lapland 63 

Table 23 
Mineralogieal eomposition oE quartz diorites. 

3 4 

Quartz . . . . . . . . . . . . . . . . . . 9.7 13.3 14.5 16.9 21 .2 
K-feldspar ...... ... ..... 4.4 4.8 1.2 + 
Plagioclase ......... . .... 71.1 73.7 70.5 64.3 60.0 
Hypersthene ••• 0 ••• •• •••• 10.5 3.5 9.4 11 .9 15.6 
Biotite .. . .... ... . ... . ... 0 .5 4.1 3.2 1.1 2.1 
Hornblende .... . . . . . - . . . 3.1 
Aeeessories ••••• • ••• • 0 ••• 3.2 0.6 2.4 1.5 1.1 

An •••••• •• ••• 0 ••••• 0 •• • 45 45 48 38 42 

Color index ••• 0 • •• ,_ 0 •• • 14.2 8.2 15.0 17.6 18.8 

1. Utsjoki, Karnasrattaoaivi, 41bjAHj60. 
2. lnari, Ahvenjoki, 100/KM/56. 
3. lnari, Vaskojoki, near Heikkilä, 70/PV/56. 
4. lnari, Ylempi Akujärvi, 133/KM/57. 
5. lnari, Lammaspää, 177/KM/56. 

In mineral composition the quartz diorites are: 1) hypersthene quar tz diorites, 

2) garnet-biotite quartz diorites and 3) scapolite-bio tite quartz diorites. The first 

group mayaIso contain garnet, whereas the other two scarcely ever have any 
hypersthene. Garnet -biotite quartz diorite is present only in the central and eastern 

parts oE the granulite complex proper, that is, in those areas where the garnet -cordierite 
gneisses and coarse-grained garnet-quartz -Eeldspar gneisses predominate . 

The hypersthene quart{ diorites are weakly Eoliated and sometimes also schistose. 

Their texture is hypidiomorphic or hypidiomorphic-granular. Main minerals are 

plagioclase (60- 70 % An 40 - 50), quartz (10-20 %) and hypersthene (Table 23). The 

hypersthene is distinctly pleochroic: w' = reddish > y' = blue-grey, 2Va = 53,56,60, 
62°. In addition, some biotite and occasionally hornblende and jor garnet are present. 
Accessories are opaques, apatite, zircon and p o tash feldspar. The potash feldspar 

generally occurs only as antiperthite. The colour index is approximately 10 to 20. 
The average chemical composition oE the hypersthene quartz diorites of the 

granulite complex proper is slightly more basic than that oE the quartz diorites of the 

charnockite province described by A. Simonen (1960 a) Erom South Finland. This is 

revealed in the analyses by the fact that the quartz diorites oE the granulite complex 
proper (Table 24) are somewhat more improverished in Si0 2 but markedly more 

enriched in MgO than are the quartz diorites oE the charnockite province. The 
quartz gabbros in the southwestern marginal zone oE the g ranulite complex have 

higher CaO, FeO + Fe 20 3 and MgO contents and a lower Si0 2 content (Table 36) 
than do the quartz diorites oE the granulite complex proper. However, in their mineral 

composition it is oEten only the higher anorthite content oE the plagioclase that 
indicates quartz-gabbroic chemical composition. 
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Table 24 
Chernical composition of hypersthene quartz diorites. 

Si0 2 •••••• • •••••.•.••••• 

Ti02 ..••.••...•••.••••• 

Al 20 a .. .... ..... .. .•... 
Fe20 a ................. . 
FeO ................... . 
MnO ... . .............. . 
MgO . ..... . .... .. ..... . 
CaO ............. . .... . . 
Na20 ..... . ............ . 
K 20 ........... . ....... . 
P20 5 ••••.• .... •.......• 

CO 2 ••••• . •• •••••••••••• 

H 20 + .......... . ....... . 
H 20 - ............ .... .. . 

Quartz ................. . 
Potash feldspar .... ,. - ... 
Plagioclase . . . . . . . . . . . . . . 
Hypersthene . . . . . . . . . . . . 
Hornblende ... . . ... ..... 
Biotite .. ..... . . . ...... .. 
Accessories .... . . . . . . . . . . 

An .. . . . . ... . .. . ...... .. 

Color index ... .......... 

Weight per cent 

2 

60.20 61.27 
0.67 0.75 

18.05 16.59 
1.41 1.48 
4.71 3.96 
0.08 0.08 
3.22 3.28 
5.62 5.55 
3.49 4.08 
1.29 1.75 
0.15 0.44 
0.01 0.00 
0.90 0.44 
0.12 0.09 

99.9 [ 99.76 

Mode 

21.2 16.9 
+ 1.2 

60.0 64.3 
15.6 11.9 

3.1 
2.1 1.1 
1.1 1.5 

42 38 

18.8 17.6 

Q ..... . 
or . . ... . 
ab . ... . 
an .... . 
c ...... . 

en 1 .. 
fs JDi .. 
wo .. 
en 
fs . .. .. . 
rnt .. . . . 
il ..... . 
ap .... . 
ce ..... . 

fern . ... 

al .. . .. . 
fm . ... . 
c ...... 
alk .... . 

si 
ti 
P 
h 
cO2 ... .. 
k . . .. . . 
rng ... . . 
qz ... . . . 

No rms 

15.62 13.60 
7.62 10.35 

29.53 34.51 
26.93 21.78 

1.04 

0.78 
0.47 
1.32 

8.02 7.38 
6.51 4.47 
2.03 2.15 
1.27 1.42 
0.34 1.00 
0.02 

18.19 18.99 

Niggli values 

34.6 
32.1 
19.6 
13.7 

195.6 
1.6 
0.2 

11.1 
0.04 

2 

32.4 
31.1 
19.7 
16.8 

203 .0 
1.9 
0.6 
5.8 

0.20 0.22 
0.49 0.52 

+ 41.1 + 35.8 

1. Inari, Lammaspää, 177/KM/56. Anal. P. Ojanpcrä 1958. 
2. Inari, Ylempi Akujärvi, 133/KM/57. Anal. P. Ojanperä 1958. 

Thegarnet-biotite quartz diorites are grey, medium-grained (0 = 2- 4 mm) rocks, 

whieh are oeeasionally almost massive although they often show gneissose strueture. 

The texture of the gamet-biotite guartz diorites is hypidiomorphie or granular. 

The major minerals are guartz, plagioclase (An 2S - 40), biotite and gamet. Plagioclase 

eontains antiperthite and oeeasional myrmekite. Biotite exhibits pronouneed 

pleoehroism, y' = reddish brown > a' = yellowish brown. Gamet, whieh is pyrope

bearing almandine (Il' = 1. 797), oeeurs as irregular aggregates, nests or porphyro 

blasts. The environment of the grains or grain clusters is frequently almost free from 

biotite, suggesting that the gamet was formed at the expense of biotite (Fig. 33). 

Quartz is more abundant than it is in the hypersthene guartz diorites. Minor amou nts 
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Fig. 33. Garnct-biQ[ite quanz diorite. The garnets oftcn occur 
as accuI11ulario ns in an almosr biotite-frcc environment, sug
gesting that ga rnet was formed at the expcnse of bi()[ itc con
temporaneollsly with some po tash feldspar. lnarij ärv i, Lusma-

saari. Photo K. J\1eriläincn . 

of cordierite are encounte red locally. Opaques, apatite and potash feldspar are the 

accessories, of which the latter usuall y occurs onlyas antiperthite. The colour index 

is 5- 12 (Table 25) . 

T able 25 
Mineralogical compositi on of garnet-biQ[ire quarrz diorites. 

QlIartz . . . . . . . . . . . . . . . . . . 29.5 32.8 38.7 39.8 45.8 
K-feldspar . ...... .. .. . .. 0.9 -+ 5.4 2.6 
Plagioclase .. .. . ... .. . . .. 59.3 55.5 56.5 45.8 42.7 
Bio tite .... . . . . . . . . . . . . . . 3.8 9.1 3.0 8.7 6.6 
Muscovite ..... .. ....... 0.2 + 
G arnet ...... . . . ......... 5.8 1.0 + -+ 2.2 
Accessories .. ... ......... 1.4 0. 7 1.8 0.3 0. 1 

An .. ... .... .. ..... •. .. . 40 33 30 28 32 

Color index . . ... . ....... 11 .2 10.8 4.8 9.0 8.9 

1. lnari, Ki vio ja, 205/ PV/56. 
2. lnari, J oensuunselkä, 138/PV/57. 
3. lnari, J oensuunselkä, 126/ PV/57. 
4. lnari, Letsemäjärv i, 131 / PV/58. 
5. lnari, M yösäjärvi, A 269. 

9 12824 - 75 



66 Geological Survey oE Finland, Bulletin 281 

Table 26 
Chemical composition of garnet-biotite quartz diorite. 

Inari , Kiv io ja, 205/PV /56. Anal. P. Oj anperä 1958. 

Si0 2 ••• • •• •••• . •• • . . . .• . 

Ti02 •.•..•• • •••.••• . .•. 

A l20 a ..... . . • ..• .. ... . . 
Fe20 a . .. .... . .. • ..... . . 
FeO . .. .. . ... .. . .. . .. .. . 
MnO . . . . .. .. . ......... . 
MgO ... . . . .. .. . ... .... . 
CaO ... .. ........ . . .. . . . 
Na20 ........ . . . . .. . . .. . 
K 20 ................ . . . . 
P20 5 ...... . . .•• . ... 

CO2 ....•.....• • .. .. .... 

H.O + . . ... . .. .. ........ . 
H;O- . . .. . . .. .. ........ . 

Q uartz ... . ... . 
Plagioclase ............ . . 
Biot ite . .... .. ... . . . .. .. . 
Muscovite .... . .. .. . .. . . 
G arnet . . ......... . .. . .. . 
Accessories .......... . .. . 

An ............ .. . . . . .. . 

Color index . . .. .. . . .... . 

Wc ig ht per cent I N orms 

66.98 
0.71 

16.39 
0.04 
4.44 
0.05 
2.05 
4.01 
3.10 
1.1 8 
0.12 
0.00 
0.60 
0.08 

99.78 

J\{od e 

29.5 
59.3 

3.8 
0. 2 
5.8 
1.4 

100.0 

40 

11.2 

Q 
or ..... . ... . 
ab ... . .. .. . 
an .. . .. .. . . 
c . . .. . ..•.. 

e I1 ... . .... . 

fs . . .. . . ... . 
mt ..... . . . . 
il ........ .. 
ap ... .. . . . . 

fern .. .. . . . . 

N iggJi yalucs 

al · . . . . . . . . . 
fm 
c · . . . . . . . . . 
alk • •• 0 • •• •• 

si · . . . . . . . . . 
ti · . . . . . . . . . 
p • • • • 0 • • •• • 

h 

k 
mg . . 

29.89 
6.96 

26.22 
19.22 

2.97 

5.10 
7.03 
0.06 
1.35 
0.27 

13.81 

39.3 
27.9 
17.5 
15.3 

272.9 
2.2 
0.2 
9.2 

0.20 
0.45 

qz . .. . o. + 111.7 

The chemical composition of the garnet-biotite quartz diorites (Table 26) corre 

sponds close1y to that of the quartz diorites in the charnockite and trondhjemite 

province of Southern Finland (Simonen 1960 a), except, however , that the average 

1m conte nt is higher and the average alk content lower in the former. In the light of 

the analytical data available, the infracrustal rocks of the granulite complex pr oper in 

particular appear on the whole to be richer in1m and p oorer in alk than do the corre

ponding rocks in the charnockite province of Southern Finland. The infracrustal 

rocks of the charnockite province are products of a lower grade granulite facies. This 

is manifested by the fact t hat, besides hypersthene, the quartz diorites of the 

charnockite province almost invariably contain diopside and /or hornblende, whereas 

the h ypersthene quartz diorites of the granulite complex proper are almost totall y 

devoid of these minerals . F ur thermore, the quartz diorites of the charnockite province 
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contain conspicuously more biotite (3 to 5 times more) than do the corresponding 

rocks of the granulite complex. Thus, the infracrustal rocks of the granulite complex 

proper constitute a province of infracrustal rocks characteristic of that complex. 

The scapolite-biotite quartz diorite at Vuoskuljärvi, north of Vaskojoki, is associated 
with an extensive and well-defined aeromagnetic anomaly in which a magnetite 
bearing diorite predominates (Table 22, anal. 1). The quartz diorite at Vuoskuljärvi 

is also magnetite-bearing but its relation to the country rock has not been established. 

The scapolite-biotite quartz diorite is grey or reddish grey in colour and even 

grained to distinctly porphyritic. The porphyritic variety (0 = 0.5- 2 cm) abounds 
and the rock is only slightly foliated whereas the even-grained varieties are practical l y 
lacking in foliation. 

The texture of the scapolite-biotite quartz diorite is hypidiomorphic or 
hypidiomorphic-granular. The main contituents are plagioclase (An 3 0 - 40), biotite, 
quartz and scapolite . P lagioclase exhibits faint zonal structure and in some places it 

contains antiperthite and sericite. Biotite is pleochroic with y' = brown > a' = 
yellowish brown; a minor part of it is recrystallised. The marialitic scapolite is straw 

yellow and is most abundant in the porphyritic varieties where it occupies the inter

stices between the other minerals, notably the grains of the plagioclase with fractured 
margins . Small amounts of chlorite and sericite occur as alteration pr oducts , and 

magnetite, antiperthitic potash feldspar, apatite and zircon as accessories. 

Garnetiferous porphyritic potash granites 

Along the local roads of the villages of Koppelo and Veskoniemi in Ivalo and on 

the eastern shore of the lake Kokkojärvi there are fairly extensive areas occupied by 

an almost massive, garnetiferous porphyritic potash granite, which is closely asso 

ciated with coarse-grained garnet-quartz-feldspar gneisses. These potash granites are 
grey or brownish grey in colour and conspicuously plutonic in character. Por
phyritic potash feldspar grains abo und in the medium-grained (0 = 2- 5 mm) 

matrix composed of biotite, garnet (almandine 65 %, pyrope 25- 30 %, andradite 

5 %, spessartite 2 % and grossularite 1 %, n' = 1. 797), plagioclase (An 3 0 - 3 5) and 
quartz. The grains of potash feldspar are clear and include crystals of biotite, quartz 

and plagioclase but never garnet. This indicates that garnet crystallised after potash 
feldspar, i.e. the rock was already porphyritic when underwent granulitisation. 

Plagioclase has altered to sericite giving rise to random cloudiness. In places, garnet 

has altered into cordierite, which was later partially chloritised. At the same time 
biotite has altered into an intense brownish-red or almost colourless variant. In the 

outcrops, cordierite has been observed to replace garnet. Cordierite has also crystal 
lised along cracks and farther in the rock. The growth of cordierite probably took 

place simultaneously with the anatectic veins and garnet-gneisses in the environment. 

As massive rocks, however, the garnetiferous porphyritic potash granites were more 
resistant to later metamorphic alterations than were the garnet gneisses. 
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Anatecti c d ykes 

In the eastem part of the granulite complex proper In and around I na rij ärvi, 

dykes abound that are either coarse-grai ned, pegmatitic (0 2- 5 cm) and heteroge 

neous or even - and medium-grained (0 = 2- 5 mm) and h omogeneous. These 

dykes are conformable with their country r ocks o r cross cut them and g rade into or 

even brecciate the surrounding gamet gneisses. The mineral compositions of these 

dykes vary considerabll" Some of the coarse -grained va rieties are rich in plagioclase 

(An 30 so), w hereas some others contain abundant potash felds par and quartz. More

over, most of the d ykes also have gam et, cordierite, bi otite and locall y sillimanite. 

Z ircon, m onazite, fluorite, opag ues and sometimes also andalusite, kyanite or tour 

maline are encountered as accessories . The medium-grained va rieties are grey rocks 

devoid of biotite. They are composed of c. 30 ~ o p otash feldspar, 30 % plagioclase 

(An es - 3 i» and 30 ~ 'o guartz, in addition to which there are garnet, s illimanite and 

often also bi oti te as minor constituents. These d ykes are anatectic and owe their 

mineral composition and structure to the local conditions of crystalli sation during the 

Diaphthoretic stage of g ranulitisation . 

The northeastem marginal zone 0] the gram/äte cOl1/plex 

The northeastern marginal zo ne of the g ranulite complex is from 2 to 10 km wide 

-a nd lies between the granuli te complex proper and the granite g neiss complex. However, 

it can be clearly traced on ll' at and around Inarijärvi. Parther north it is overlain by 

extensive swamps and Quarternary deposits and hence, it outcrops in only a few places. 

The rocks in the northeastern marginal zone of the granulite complex are com

posed mainly of quartzires, guartz-feldspar g neisses, mica g neisses and h ornblende 

gneisses. In additi on , amphibolites and in fracrustal quartz diorites occur concordantly 

,virh the supracrustal rocks . The supracrustal rocks are often cut by g ranite veins or 

vei nlets but they are seldom veined g neisses . These rocks are also penetrated and 

sometimes brecciated by granitic pegmatites, diabases and a basic d yke at Lusmasaari. 

The diabases, when discernibl e, often display concordant contacts wirh the 

supracrustal r ocks. 
The marginal zone differs from the g ranite-gneiss complex in its abundan t 

supracrustal r ocks, mica g neisses and hornblende g neisses in particu lar, but also in 

quartzires. The m arginal rocks can be disting uished from those of the g ranulite 

complex proper in that the marginal r ocks were metamorphosed mainly und er the 

conditions o f the amphibolite fecies. The boundary between the granulite complex 

proper and its northeastern marginal zone is often tectonic. H owever, the supracrustal 

rocks of the marginal zone include the coarse-grained garnet-guartz-feldspar g neis ses 

and garnet-cordierite g neisses characteristic of the eastern part of the granu lite 

complex proper as portions and zones that locall y may attain considerable width. The 

boundary with the g ranite g neiss complex is ill -defined. The quartzites indicate that 

it is probabl y n o rth of the straits of Kaikunuora and Lusmanuora. 
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Supracrustal rocks 

The supractustal rocks in the n ortheastern marg inal zo ne of the granulite complex 

are composed of quartzites, quartz-feldspar g neisses , mica gneisses, amphibolites and 

hornblende g neisses. The mica g neisses and hornblende g neisses are often 

garnetiferous . Where garn et is ab undant in the mica g neisses, they resemble the 

biotite-rich garnet-biotite g neisses and garnet -biotite -p lagioclase g neisses of the 

g ranulite complex proper. The r ocks of the marginal zone were metamorphosed 

mainly under the conditions of the amp hibolite facies but locall y under those of the 

g ranulite facies. 

Quartzites 

Quartzites are encountered at severallocalities on the southern shores of the islands 

Kaamassaari and Lusmasaari, on the nearby islands , at the northern end of the bay 

anguvuono and west of the lake Sarmijärvi. The quartzites occur as layers a fe\\

metres to a hundred metres thick in quartz-feldspar g neisses . They are also encoun

tered as thin alternating intercalations in the other supracrustal rocks. 

The quartzites are pale g rey, fine- or medium-g rained (0 = 0.2-2 mm) rocks 

with pronounced foliation (Pig . 34). In some exposures g raded bedding has been 

o bserved , suggesting that the top of the beds is to the south. 

F ig. 34. Orthoquartz ite displaying cross-bedding. Inarijär vi, 
Lusmasaari . Photo K . Meriläinen . 
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Table 27 
Mincralogical composition of quartzitcs and quartz-fcldspar gneisses. 

Quartz . . . . . . . . . . . . 70.1 65.0 49.9 38.2 31.3 27.4 27.0 23.9 
K-fcldspar ..• , . .••.... 0' ..j... 22.1 13.2 21.1 21.2 4.8 3.3 
Plagioclase ... . .. ...... .. 15.7 7.4 27.3 31.1 42.1 61.4 58.4 64.2 
Biotite • •••• • 0 ••••••••• o. 3.3 9.5 4.0 2.6 5.0 10.7 1.0 
Chlorite • • • • 0 ••• •••••••• 

..j... 2.6 5.0 
Sericitc ••••• 0 • •••••••• o. 1.9 0.2 1.4 
Hornblende ..•..••..• • 0' 6.9 5.3 4.7 
Acccssorics •• 0 • •••••••• o. 7.3 0.3 + 0.3 0.6 1.2 

n •• 0' •• 0 ••••• 0 ••• • • • • 25 24 nd 25 23 nd 27 32 

1. Quartz ite. Inari , Taplasaari, 122jKM j57. 
2. Quartz ite. Inari, Lusmasaari, 94 jK1-I j57. 
3. Quartz- feldspar g neiss. lnari, Skäydevaara, 86jPV j57. 
4. Quartz-feldspar g nciss . Inari, Mossaaret, 91 jKM j57. 
5. Quartz-feldspar gneiss. Inari, Kaamassaari, 128 jKM j57. 
6. Quartz-feldspar gneiss. Inari, Mossaaret, 93 jKM j57 . 
7. Quartz-feldspar gneiss. Inari, Sieksvuono, 97 jKM j57. 
8. Quartz-feldspar gneiss. lnari, Korkeloniemi, 96 ajKM/57. 

The thickest guartzites are very guartz-rich orthoguartzites. Their texture is 

g ranoblastic or blastoclastic. In addition to guartz, they always contain plag ioclase, 

potash feldspar and minor biotite, and hornblende andjor magnetite. Rarely magnetite 

may account for several percent oE tbe rock. These guartzi tes resemble certain varieties 

of magnetite-banded, cherty guartzites, despite tbe fact tb at no distinct banded struc

ture has been noted. The guartzites contain opaques, apatite and zircon as accessories 

as well as sericite, muscovite and epidote as alteration products (Table 27). The thin 

guartzite bodies are oEten rich in feldspar and represent transitional types to guartz

feldspar gneisses. 
The guartzites are derived from guartz-rich sands that were deposited in the shelE 

area under variable depositional conditions (interbedded layers oE guartzites and 

mica gneisses) simultaneously with volcanic activity (irregular interbedded layers oE 
guartzites, guartz-feldspar gneisses, amphibolites and hornblende gneisses). 

Quartz-feldspar gneisses 

Quartz-feldspar g neisses occur as fairly wide areas as weIl as thin beds and bands 

alternating randoml y with amphibolites, hornblende gneisses, biotite gneisses and 

sometimes even with guartzites (Fig . 35). In some pi aces they grade into hornblende 

g neis ses and are themselves oEten hornblende-bearing. The guartz-feldspar gneisses 

are grey in colour fine- to medium-grained (0 = 0.2-2 mm) rocks with well

developed foliation. The guartz-feldspar gneisses are oEten cut by concordant or 
discordant granite veins or veinlets. 



K. Meriläinen: Granulite complex In Finnish Lapland 71 

Fi g. 35. Fine-grained, guartz-rich guartz-feldspar g neiss . lnari , 
Skäydevaara. Photo K. Meriläinen . 

The texture of the quartz-feldspar gneisses 1S granoblastic. Main minerals are 

quartz, plagiociase (An 20 - 35) and potash feldspar with minor biotite, often hornblende 
and occasionall y almandine. Sericite, muscovite and chlorite are alteration products. 

Accessories are opaques, apatite, titanite and zircon (Table 27). 
The quartz-feldspar gneisses were originally arkosic sands and greywackes, with 

some probable admixed volcanic ash and weathering products from volcanic rocks. 

This is evident from the occurrence of hornblende in quartz-feldspar gneIsses and 
from the g rading of these gneisses into hornblende gneisses. 

Mica gneisses 

l"Iica gneisses occur as thick, heterogeneous bodies in which varieties of mica 
gneiss and quartz-feldspar g neisses alternate randomly as rehct layers and beds , 

locally with rehct graded bedding. Occasionally amphibolite intercalations are also 

found, in wh ich case the mica gneisses contain amphibole. The mica gneisses are 

dark grey o r greyish brown in colour. They are frequently cut by granite veins . In 
pi aces the mi ca gneisses are migmatised and show intensive minor foldin g. 

In mineral composition the mica gneisses are garnet-sillimanite-biotite gneisses, 

garnet-biotite-plagiociase gneIsses and biotite g neisses. Their texture is grano

blas tic. 
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Fig. 36. Migmatic ga rnet-bio tite-sillimanite gneiss . The rock is 
rich in garnet; gamet and si ll imanite occur in the dark srreaks 
and bands mainl y in associat ion with biotite. lnarij ärvi, angu -

niemi. PhotO K. Meri läincn. 

The matn minera ls of the gamet-sillilJlanite-biolite gneisses are quartz, biotite, p la

gioclase (A n25 30) and potash feldspar wirh variable amou nts of garnet (almandine, 

11' = 1.795), si ll imanite and locally cordierite. Accessories are opaques, apatite, 

monazite, ruti le and zirco n (Table 28). In mineral composition they resemble the 

Tablc 28 
Mineralogical composition of mica g neisses . 

Quartz . .. . .. 0.· · . .. . . . .. 48 .7 27.4 2.6 3.2 
K-feldspar •• 0 •••••• • •• . . 12.1 13.1 +-
Plagioclasc .. . . . . . . . . .. o. 1.9 17.0 56 .8 52.4 
Biotitc . . ....... . . . .. 22.6 23.8 32.2 33.5 
Sericite . . . . . ... . . .. . . . . . 1.4 
Garnet . . ... . •••• 0 • • •• • •• 5.2 14.7 4.1 6.4 
Si ll imanitc .. . . .. . ..... . 9.3 4.0 
Accessor ies . . 0 • •• • • . .... . 0.2 2.9 4.5 

An •• 0 • •• ... . •• 0 ••••••• 25 30 34 40 

1. Garnet-sillimanite-biotite gneiss. lnari, Vihalassaaret, 10 c/ KM/59. 
2. Garnet-sillimanite-biotite g nelss. lnari, Sarmivuono, 116/Tyni /57. 
3. Garnet-biotite-plagioclase gneiss. lnar i, Ma lkosaaret, 156 a/ PV /58. 
4. Gamet-biotitc-plagioclase g neiss. lnari, Siskelvuono, 6 a/Tyni /58. 
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Fig. 37. Biot ite gneiss. Light-coloured ve ins and Spots are 
composed predominantly of quartz and po tash fe ldspar. I nari, 

Skäydevaara. Photo K. Mcriläinen. 

garnet-biotite gneisses oE the g ranulite complex proper, but are conspicuousl y ricber 

in biotite and often poorer in garnet (Fig. 36). These differences are mainly due to 

tbe dissimilar conditions oE metamorpbism. Tbe chemical co mposition oE the garnet

sillimanite-biotite gneisses corresponds to that oE shales as does that oE the garnet 

biotite gneisses oE the g ranulite complex proper. 

Plagioclase (An 30 - 40, even An 60 - 70) and biotite are the dominant minerals in the 

garnet-biotite-plagioclase gneisses. So me quartz and garnet also occur. Accessories are 

opaques , apatite, potash felds par and zircon (Table 28). Apatite is markedly more 
abundant than it is in other supracrustal rocks oE the northeastern marginal zone of 

the granulite complex. In mineral composition the garnet-biotite-plagioclase gneisses 

are similar to those in the granulite complex proper. The chemical composition 

corresponds to that oE the calcareous shales or greywackes. 

The biotite gneisses (Fig. 37) are distinctly lighter in colour and richer in quartz and 

Eeldspar than are the garnet-biotite-plagioclase g neisses . The most li ght-coloured and 

most biotite-deficient varieties (c. 10 % biotite) can thus be considered as transitional 

types to quartz-feldspar g neisses. Quartz, plagioclase (An 20 - 3 0), potash feldspar and 

biotite are the main constituents ; there are minor amounts oE garnet (n' = 1. 749) and 

occasionall y also cordierite or hornblende. Some biotite g neis ses correspond to the 

fine-grained garnet-quartz-Eeldspar gneis ses derived fr o m g reywackes in the granulite 

complex proper. 

10 1 2824-75 
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Fig. 38. Hornblende g neiss. Dark bands are am phibo li te that 
loca ll y forms boudi nages d ue to tectonisatio n of rock. Am
phibolite displays more intensc wcathering than hornblende 

gneiss. Inarijärvi , Lusmanuora. Photo K. Mcriälinen. 

Hornblende g n eisses 

H ornblende g neisses occur in markedly g reater abundance than d o amphibolites. 

On the shores of the straits Lusmanuora and Kaikunuora they locally occupy areas up 

to several metres in width (Fig. 38). In general, however, they are layers from only a 

few cen timetres to some tens of centimetres wide that alternate randoml y with other 

supracrustal r ocks. 

The hornblende g neisses show distinct foliation and are fine - to medium-grained 

(0 = 0.2- 3 mm) rocks. The colour varies from dark green to greyish green de 

pending on the abundance of h ornblende. The texture of the hornblende g neisses is 

granoblastic. Main minerals are plagioclase (An 30 - 55) , guartz, h ornblende and often 

biotite. Locall y there are also smaJl amounts of epid ote, cumming tonite, ga m et or 

chlorite. Opagues, titanite, apatite and zircon are the accessories (see Table 7). 

Abundant epidote, diopside or even scapolite occur locall y in the narro \V horn

blende g neiss bands. These are calc-silicate gneisses similar to those found in the 

amphibolites and h ornblende g neisses of the Apukasjärvi, Vätsäri and Kuorboaivi 

schist zones. 

A lmost massive long and narrow pyrrhotite zones up to two metres thick are 

sometimes associated with the hornblende g neisses although pyrrhotite usually 
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occurs as dissemination. In addition to pyrrhotite there is some pyrite and occasional 

sphalerite and graphite. The graphite may even be quite abundant (see Lahtinen 

1972). 

Amphibolites 

In general the amphibolites occur as beds Erom a Eew decimetres to some metres 

thick in quartz-Eeldspar gneisses and mica g neisses . In some localities they grade into 

hornblende gneiss with w hich they alternate randomly as bands and beds. In mineral 

composition the amphibolites are mainly hornblende -plagioclase rocks, although 

locally abundant diopside amphibolites are encountered as are also a Eew 

cummingtonite amphibolites. 

The amp hibolites are weil Eoliated and fine- to medium -g rained (0 = 0.5- 2 mm), 

dark g reen rocks . In texture, they are g rano- or n ematoblastic. The major minerals 

are hornblende and plagioclase (A n 40 - 55) with minor biotite, epidote, cumming tonite, 

garnet and quartz as weil as local concentrations oE diopside. Opaques, titanite and 

apatite are the accessories. 

The thickest amphibolite beds are distinctl y banded and metamorphosed basic 

volcanic rocks. The other, homogeneous v arieties, are metamorphosed diabase dykes 

identical wirh those cutting the rocks oE the granite gneiss complex. 

Infracrustal rock s 

The infracrustal rocks in the n ortheastern marg inal zone of the granulite complex 

are guartz diorites exhibiting concordant boundaries wirh the supracrustal 

rocks. Among them, however, are g ranodiorites that cannot be distinguished 

macroscopically Erom the guartz diorites. Gabbro or diorite are present as marginal 

varieties oE one guar tz diorite body. Veins of granite and coarse peg matitic granite 

cut the guartz diorite at some localites. 

Quartz diorites 

Quartz diorites are grey or dark grey rocks, which exhibit a moderate to distinct 

foliation wirh cataclastic structure. The g rain si ze varies from place to place (0 = 
0.2-5 mm). Amphibolite xenolirhs have been encountered as long bands or oblong 

inclusions. The texture oE the guartz diorites is hypidiomorphic or hypidiomorphic

granular. Main minerals are plagioclase (An 30 - 40), hornblende and guar tz wirh min or 

biotite, and rare augite, hypersthene, garnet or potash feldspar. Opagues, apa tite, 

titanite and zircon (Table 29) are accessories. 

The chemical composition of the Kutujärvi guartz diorite (Table 30) is close to 

that of the hypersthene-bearing guartz diorites in the granulite complex proper , bu t 

the Kutujärvi variety is somewhat richer in silica. The chemical composition also 

resembles that of the guar tz diorites in the trondhjemite or granodiorite province in 

South Finland (see Simonen 1960 a) . 
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Table 29 
Mineralogieal eomposition of quartz diorites. 

Quartz . . . .. . ........ . ... 15.7 28.3 39.8 41.6 
K-feldspar . . . .. . .... · . · . 3.2 3.9 
Plagiocl ase . . . . . . .. ...... 58.3 52.7 40.0 45.0 
Augite . . . .. . . .. . . ...... . 1.4 
Hypersthenc ... . . . .... · . 1.1 
Hornblende ...... . .. . · . · . 13.1 14.8 3.4 5.4 
Diotite . . ... . ... . ...... · . 8.3 2.5 10.0 4.0 
Epidote .. . . ... . .. .... . . 2.5 + 
Garnet ... . ... . . ..... · . · . 2.7 
Aeecssories ... . ...... . . . . + 0.6 0.4 1.3 

An . . ... . . .. . . . . . . . .. .. 30 38 28 nd 

Color index ... ......... . 22.8 19.0 16.3 13.4 

1. Inari, Kenttäsaaret, 98/KM/57, A 39. 
2. Inari, Nellimö, Kutumajärvi, 121 a/ PY/57, ehem.anal. in Table 30. 
3. Utsjoki, Päärikvaara, 141 /PY /60. 
4. Inari, Syysjärvi, 77/RL/61, A 117. 

Table 30 
Chemieal eomposition of quartz diorite. 

Inari, Nellimö, Kutumajärvi, 121 a/PY/57. Anal. P. Ojanperä 1958. 

SiO .. ... .. .. .... ...... . 
TiO •. .. .. ... .. . ........ 
Al.Ö 3 ..•.........• .. ... 

Fe20 3 ..••.••.•••• • ....• 

FeO . ..... . ............ . 
MnO ......... . . . . ..... . 
MgO ............ .. .... . 
CaO . ... ............ . .. . 
Na 20 .. .. ........ . ..... . 
KoO . ... ....... . ...... . . 
1'2-°5 . .......... . .. .. . . . 
CO •. . ..... . .... . .. .. . . . 
H 20 + .......... ... . . . .. . 
H 20 .......... . ...... . 

Quartz ... . . .. ... . . .. ... . 
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Fig. 39. Basic dyke brecciated by scapolite veinlers. Inarijärvi, 
Lusmasaari. Photo K. Mcriläincn. 

The Lusm asaari basic d yke 

The supracrustal rocks on the southern shore of the island Lusmasaari are cut by 

a basic dyke 10 to 15 m wide that runs at low an gl es to the general trend of their 

foliation. The same rock is also exposed on a small islet near Lusmasaari. 

The bulk of the d yke is composed of coarse-grained (0 = 2- 10 cm), greenish grey 

diopside as the major mineral and dark green amphibole. Diopside and amphibole 

occur as areas that are parallel to the dyke and have sharp contacts with each other. 

Amphibole exhibits a serrated structure towards diopside just as the core quartz in 

some g ranitic pegmatites does towards the marginal fe ldspar. Coarse-grained mica 

(phlogopite) is occasionally intergrown with diopside and amphibole. Carbonate rock 

occurs as accumulations 30 to 200 cm wide that contain chlorite pseudomorphs after 

chondrodite. Scapolite (marialite) is also encountered as occasional aggregates or 

single grains between the diopside crystals. The southern edge of the dyke is composed 

of dark green gabbro with zoned plagioclase (An 30 - 4 5)' diopside and dark, brownish 

green hornblende. Accessories are opaques, apatite and zeolites (in the gabbro of the 

marginal zone) . 

On the southern shores of the islands Lusmasaari and Kaamassaari, narro\,· 

diopside -, amphibole- and scpolite-bearing veins cut, penetrate and brecciate the 

supracrustal country rocks (Fig. 39) . These veins were probably formed simulta

neously with the basic dyke at Lusmasaari . 
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The south1JJestern marginal zone 0] the gralll/lite complex 

The southwestern marginal zone is a belt, 5 to 10 km wide, between the granulite 

complex proper and the West Inari schist zone. At several localities it is separatcd 

from the gran ulite complex proper by fracture and fault zones . In othcr places the 
rocks of the marginal zone g rade into those of the granulite complex proper for a 

short distance, and the rocks of similar origin and composition differ from each other 
onl y in their mineral compositions, which reRect the variations in the conditions of 
metamorphism. The boundary between the southwcstern marginal zone and the 
arkose gneisses in the West Inari schist zone is poorly exposed owing to the overlying 

swamp and Quarternary deposits. In the description of rock types, the western 

boundary of the southwestern marginal zone has been considered to coincide with the 

eastern boundary of the arkose gneiss zone. 
The southwestern marginal zone of the granulite complex is composed of 

supracrustal rocks (quartz-feldspar gneisses, biotite gneisses, hornblende gneisses and 
amphibolites) and infracrustal rocks (ultrabasic rocks, gabbros, diorites, quartz 

diorites and potash granites). The infracrustal rocks exhibit concordant contacts 
with the supracrustal rocks. Both rock types are cut by concordant and discordant 

granitic veins that in some places are coarsely pegmatitic. 

ear the granulite complex proper the quartz-feldspar gneis ses, amphibolites and 

hornblende gneis ses as well as some biotite gneisses form a group of interbedded 

banded rocks known as the sedimentary-volcanic group. In many pI aces the rocks of 
this group were metamorphosed under the conditions of the g ranulite facies but have 
still preserved their primary banded structure. The supracrustal rocks in the north

eastern marginal zone of the granulite complex and the Apukasjärvi, Vätsäri and 

Kuorboaivi schist zones also sometimes occur as a similar but less well-defined 

sedimentary-volcanic group. 

Supracrustal rocks 

The supracrustal rocks in the southwestern marginal zone of the g ranulite complex 

consist of quartz-feldspar gneisses, biotite gneis ses, amphibolites and hornblende 
gneisses. They often contain garnet, and the hornblende gneisses may have hyper 
sthene in addition to garnet. The supracrustal rocks ",ere metamorphosed under the 

conditions of the amphibo lite facies although locally granu lite facies conditions als o 

prevailed. 

Quartz-feldspar gneisses 

Quartz-feldspar gneis ses occur 1n the amphibolites and hornblende gneisses 

adjacent to the granu lite complex proper as layers and bands ranging from a fe\,v 
millimetres to several metres in thickness (sedimentary-volca nic group). In places 

the quartz-feldspar gneisses predominate over amphibolite, so that in the head-
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Table 31
Minetalogical composition of quartz-feldspat gneisses.

2345 67

Quartz .

K-fcldspar
Plagioclase
Biotire .

Hornblende
Hvpersthene
Garnet. 1.0 0.5 0.4 1.6
Accessories | 1.6 3.4 1.3 4.1i 0.4 2.9

Än ... 2s 25 45 "ai :o I z: 34

1. Inari, Koierivaata, 78 tlPYl57.
2. Inai, Appisjoki, 47 lKMls7.
3. Inari, Vaskojoki, 68/KM/58.
4. Inari, Vaijoki, 109/KM/56.
5. Inari, Kolshanoaivi, 77 lKMl59.
6. Inari, Appisjoki, 39lKMls7.
7. Inari, Saddehjavtitshobma, 61/KN{/58.

waters of the river Vaijoki and between Repojoki and Kuttura, for instance, they

^ttaitr ^ 
width of several tens of metres.

The quartz-feldspar gneisses are grey, fine-grained (A : 0.2-1 mm) and dis-
tinctly foliated rocks. Their texture is granoblastic or blastoclastic. Plagioclase
(Anrr-ou) and qvartz are the predominant minerals, in addition to which there are
often either one or several of the following: hornblende, hypersthene, garnet
(almandine, n': 1.795) and biotite. With an increase in the abundance of hornblende
and/or hypersthene, the quartz-feldspar gneisses grade into hornblende gneisses and
hypersthene gneisses. Potash feldspar is rare or absent. opaques, titanite, apatite 

^fldzircon are the accessories (Table 31).
Except for the paucity of potash feldspar the quartz-feldspar gneisses in the

south\Ä'estern marginal zone of the granulite complex are similar to the cortesponding
rocks in the northeastern marginal zone (Table 27).

The quartz-feldspar gneisses r&'ere derived from arkose sands and greyu'ackes.
They u'ere deposited simultaneously with volcanic activity and, as can be inferred
from the abundance ofhornblende and the occurrence ofamphibolite- and hornblende
gneiss bands, they have been intermixed with volcanic ash and perhaps also with
weathering products from volcanic rocks. In this respect they resemble the quartz-
feldspar gneisses in the northeastern marginal zone of the granulite complex.

Biotite gneisses

Biotite gneisses abound in the structurally complicated synclinorium between
Vaskoioki and Repojoki. These rocks contain local amphibolite layers and are often
hornblende-bearing. In the area betvreen Vaskojoki and the granulite complex proper,

32.8 32.9 39.8 44.9 46.0 49.8 51.0
34.9 15.8
,7.9 or.,t s1.8 43.e 4es 465 44.s

-
- 2.2 3.3
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Table 32 
1 Iinera logical composition of mica gneisses. 

Quartz .. . ... . .. .. •. . . . . . 
K-fcldsPH . . ... . 
PlagiocJase ............. . 
Biotitc .......... ... .. . 
?vIlIscovitc . . 
Chlorite ... . .. . 
Hornblende .......... . 
Hypersthene ....... . . . . . . 
Garnet .. ..... . ....... . 
Acccssories ........... . 

An 

1. lnari, Pll sklljärv i, 68/KM/56. 

33.7 
0.5 

45.4 
9.5 
3.6 
1.2 
2.2 

1.5 
2.4 

32 

2. Inari, Rllittuavdshi, 104/KM/56. 
3. lnari, PuSklljoki, 173/KM/60. 

36 .7 
17.8 
22.0 

9.7 

2.0 
11.2 

0.6 

nd 

47.0 

32.7 
14.8 

1.3 

2.0 
2.2 

32 

biotite gneis ses are encountered immediately southeast of the amphibolites and as 

intercalations in amphibolites and guartz-feldspar gneisses adjacent to the boundary of 

the granulite complex proper. 

The biotite gneisses are grey, moderately foliated and fine-grained (0 = 0.2-
2 mm) rocks with granoblastic texture and cut by granite veins. lIain minerals are 

quartz, plagioclase (An 32) and biotite, the latter often as much as to 10 to 15 percent. 

In addition, the rocks frequently contain gamet (almandine, 11' = 1.796) and one or 

more of the following minerals: hornblende, muscovite and hypersthene. Epidote, 

chlorite and sericite are alteration products, with opagues, graphite, titanite and 

apatite as accessories (Table 32). 
The mineral composition suggests that the bulk of the biotite gneisses were 

primarily greywackes, although some of the varieties richest in biotite might even 

have been shales. They were deposited simultaneously with volcanic activity under 

conditions similar to those prevailing in the northeastern marginal zone of the granu

lite complex. 

Hornblende gneisses 

Towards the edge of the granulite complex proper the amphibolites grade into a 

zone displaying randomly alternating beds and bands of variable thickness composed 

of amphibolite, hornblende gneiss, quartz-feldspar gneiss and locally biotite gneiss . 

This zone of varying supracrustal rocks (sedimentary-volcanic group) can be traced 

for the whole length of tbe southwestern edges of the granulite complex on Finnish 

territory. Similar narrow zones have been found locally also inside the granulite 

complex proper (Fig. 40). 
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Fig. 40 . Mutually interlayered quartz-feldspar gneiss, hornblende 
g neiss and amphibo lite near mouth of rivet Appisjoki o n Tvalo

joki. Photo K. Meriläinen. 

In their main features, the hornblende g neisses resemble the corresponding rocks 

in the A pukasjärv i, Vätsäri and Kuorboaivi schist zone and the northeastern marginal 

zone of the granulite complex. Their colour depends on the abundance of dark 

minerals (grey, greyish g reen, " reen or brown). 

The hornblende g neisses are fine- to medium-grained (0 = 0.2- 2 mm) rocks 

with g ranoblas tic texture. Main minerals are hornblende, plagioclase (An 30 - 50) and 

quartz, with minor amou nts of biotite and h ypersthene and /or garnet. In some 

places diopside and epid ote abound, and less frequently scapolite and carbonates, 

in which case the rock is calc -silicate g neiss. Titanite, apatite, graphite and opaques 

occu r as accessories, the first two being m ore common than in the other supracrustal 
rocks of the marginal zone. 

Adjacen t to and south of the Vaskojok i anorthosite the banded hornblende 

g neiss-bearing zo ne, tbe sedimentary-volcanic g roup, is weil exposed in only a 

few outcrops. Nortb of Karigasniemi on bo th sides of the river Tenojoki, this 

same banded rock type is weil preserved, although metamorphosed under the condi

tio ns of the granulite facies. The best exposures are visible in fresh road cuts on the 

Norwegian side of the border. D arker and lighter bands , due to the variation in the 

pyroxene content, often alternate in the rock. Plagioclase (An a so) and hypersthene 

are the predominan t minerals in the pyroxene-bearing bands. The rock also contains 

11 1282 4- 75 
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quartz, and locally potash feldspar, garnet or c1inopyroxene and often abundant 

opaques (magnetite). The amount of hypersthene varies greatly: in some bands it 

accounts for more than 50 percent of the minerals, whereas in others it hardly exceeds 

10 percent. Usually the bands in 'which hypersthene is scarce are relatively richer in 

quartz and biotite than are those in which it is abundant. Pyroxene is locally either 

partially or totally replaced by hornblende. These bands rich in hornblende often 

contain as much as 20 to 50 percent garnet. Simi lar pyroxene gneisses have also 

been encountered in the granulite complex proper at Vollivaara bet\\"een I valo and 

1 ellimö. 
The hornblende gneis ses \Vith associated hypersthene gneisses \\"ere primarily 

tu ffaceous sediments, and the graphite content of the calc-silicate gneisses may indi

cate an organic origin for the carbonates. 

Amphibolites 

Amphibolites are found as an almost uninterrupted band up to a fe\\" hundred 

metres wide in the southwestern marginal zone of the granulite complex bordering 

the Vaskojoki anorthosite . They also abound in the headwaters of the rivers Postijoki 

and Lemmenjoki. Furthermore, they alternate with quartz-feldspar gneisses, horn

blende gneisses and biotite gneisses as bands and beds between the amphibolite zone 

and the granulite complex proper. 
In general, the amphibolites are dark green, fine-grained (0 = 0.2- 1 Olm) and 

sl.ightly banded rocks. In places, however, they are coarser (0 = 2- 3 mm) and more 

homogeneous resembling foliated gabbros (gabbro-amphibolite). Both yarieties 

show prominent or even intensive fol.iation. The texture oE the amphibolites is grano

or nematoblastic. Their main minerals are hornblende and plagioclase (An 10 05)' 

with the hornblende usually predominating. These rocks also Erequently contain 

garnet, hypersthene, diopside or biotite. Some pale bands are rich in diopside or 

epidote. Opaques, apatite and titanite are the accessories (Table 41). 

The amphibolites were probable volcanogeneous rocks that were metamorphosed 

largely under the conditions oE the amphibolite Eacies. The gabbroic varieties (gabbro

amphibolites) may, however, be amphibolitised sills. 

Infracrus ta l rock s 

The inEracrustal rocks in the southwestern marginal zone oE the granulite complex 

comprise ultrabasic rocks, gabbros, diorites, quartz diorites and potash granites 

concordant to the supracrustal rocks. The potash granites excepted, they were prob

ably emplaced simultaneously with the gabbro massifs and ultrabasic rocks oE the 

Apukasjärvi, Vätsäri and Kuorboaivi schist zones. 
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Fig. 41. Gneissose, banded anorthosite. Inari, southwcst of 
Pyhäjärvi. PhotO E. Halme. 

U ltrab asic rock s 

With the exception of the extensive Vaskojoki anorthosite massif, which covers 
c. 250 km2, the ultra basic rocks are small bodies or lenses probably not more than a 

few hundred metres in length. Their mineral compositions correspond to those of 

anorthosites, peridotites, hornblendites and serpentinites. 
The peridotites are massive or slightly foliated rocks with a brown weathering crust. 

They are composed mainly of olivine and hypersthene. Spinel (green hercynite) , 
.fibrous serpentine and opaques (usually magnetite) are also encountered. There may 

be as much as several percent of magnetite. 
The homblendites are dark green hornblende rocks that have been observed at only 

one site, north of the lake Lemmenjärvi on the banks of the river Lemmenjoki. 

In the southwestern marginal zone there are three aJJorthosite occurrences: at 

Vaskojoki, Karigasniemi and Sallisuo. The major part of the Vaskojoki anorthosite is 

a white or grey, even-grained (0 = 2- 3 mm) rock that is occasionally porphyritic. It 
shows slight to moderate foliation, and is often gneissose (Fig. 41) as a result of 

hornblende-bearing streaks. The hornblende content is most conspicous at the margins. 

Hornblende gneiss and amphibolite also occur as bands (Fig. 42) and large lenses. The 
southwestern edge of the massif is gabbroidie and rich in horn blende. On the southern 

margin some cavities filled with scapolite have been found. 
The texture of the Vaskojoki anortbosite is h ypidiomorphic witb plagioclase as 

the dominant mineral. Plagioclase is frequently zoned with a core of bytownite 

(An 7o - s o) or occasionally even anorthite (An 95) and a rim of anorthite (An oo - 5o) ' The 
abundances of dark minerals in the rock are about 5 to 10 00 hornblende 
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Fi g. 42. Amphibolite bands in anorthos ite. lnari , Vaskojoki. 
Photo K. Meriläi nen. 

(y = bro\\'nish green , > a = yellowish g reen, o ly = 14- 18 , 2Va = 70- 75 ± 5 ), 
couple per cent au aite (ci l y = 42- 49°, 2Vy = 55- 60 ± 5°) and minor hypersthene 

(a - reddis h, y = bluish, 2Va = 65 + 5°) or garnet (almandine). Apatite opaques, 
epid otc and occasional zircon and titanite are the access ories (Table 33). 

Table 33 
Mineralogieal eomposition of anorrhos ites. 

PlagiocJase ........ . . .. .. 92.7 84. 8 87.2 
H ornb lende .....•. .... 5.4 13.8 7.3 
Augite . .. ... . ... . .. . . . .. 1.2 0.9 5.0 
H ype rsthene .... . ........ 0.7 
Epidote .. ...... .. .. . ... . 0.3 
G arnet . .. ...... .. .. ... . . 0.2 
Aeeessories ..... ... ... .. . 0.3 0. 2 

An 80 80 95 

Color index 7.3 15.2 12.8 

1. Inari , Kenuoja, 16/KM/56. 
2. Inar i, Suuri Ii vanan järvi, 206/Tyni /58. 
3. Inari, I"odd ipelvaara, 89/Kl'vf/58. 
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Table 34 
Chemical composition of anorthosite. 

Inari, Siuttavaara, 166/ MT/58. Anal. P. Ojanperä 1963. 

SiO •....... . .. . . ..... . .. 
Ti62 •.•• • •.••.••.• • •..• 

Al 20 3 .••..•••••.• • •••.• 

Fe20 3 •..•••••• • .• • . . ••. 

FeO ... ..... .... . ... . .. . 
MnO ... . .... . . . ... .. .. . 
MgO ........ . ...... .. . . 
CaO ... .. .. .... .. . .. .. . . 
Na20 ...... . .. . .. ... . .. . 
KoO ............. .. ... . . 
P20 S .. . . ...... . ....... . 
CO2 •...•. . • . •••• ..• . . . . 

H 20 + ... .. ..... . .. .. .. . 
HoO - ................. . 
SrO ....... . . . . . .. . ... . . 

Plagioclase ........ . ... . . 
Hornblende . . ... . . . ... . . 
Accessories . .. . .. .. . ... . . 

An ... . ..... . .......... . 

Color index .... . ... . . .. . 

I \'\ 'ci g ht per cent I 

50.38 
0.09 

30.94 
0.31 
0.32 
0.01 
0.14 

13.99 
3.38 
0.18 
0.02 
0.00 
0.27 
0.07 
0.05 

100.1 5 
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Q ......... . 
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an ....... . . 
c ...... .. .. . 

~~ }Di:::::: 
wo .... . . 
mt ....... . . 
il ... . .. . .. . 
ap . . . . .. .. . 

fem .. . . .. . . 

1.06 
28.56 
68 .64 

0.35 
0.18 
0.30 
0.44 
0.17 
0.03 

1.44 

J' igg li ya lucs 

al . .. . ..... . 
fm . . . ..... . 
c .. ..... .. . 
alk ........ . 

si .. . ...... . 
ti 
p .......... 
h 

48 .82 
1.90 

40 .21 
9.07 

135.15 
1.77 
0.16 
2.41 

k .... . ..... 0.03 
mg ... . .. . . . 0.30 
qz ......... . - 1.13 

The average chemical composltlOn oE the Vaskojoki anorthosite massiE is 

so mcwhat higher in iron and magnesium than is that oE the analysed sampie (Table 34), 

since it contains more hornblende than the latter. Even so, the Vaskojoki anorthosite 

is clistinctly poorer in iron and magnesium and richer in calcium than are some othcr 

anorthosites, e.g. those in the Aclironclacks, South Norway (see Turner & Verhoogen 
1960) or in the Kemi area, Iorth Finland (see Härme 1949). Thc Vaskojoki anorthositc 
probable contains more plag ioclase than do the above rocks. 

1Iegascopically ancl in mineral composition the anorthosites at Karigasniemi, 

Sallisuo and even at l\Iutajärvi (one oE inEracrustal rocks oE the Apukasjärvi, Vät

säri and Kuorboaivi schist zones) are similar to the anorthosite at Vaskojoki. 
The anorthosite at Kari gasniemi is cut by numerous scapolite v eins (0 = 1- 30 
J11m). 
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Gabbros 

Thc gabbros are medium -grained (2- 4 mm), slig htly to moderately foliated rock s 
and dark green or brownish in colour if they contain h ypersthene. In pI aces gabbros 

grade into quartz diorites and so metimes even into diorites. At SalJitunturi, in the 
headwaters of the river Lemmenj oki, gabbros and guartz diorites alternate in thick 

layers conformable to the foliatio n. The gabbros als o contai n amphiboli te as schlieren 
and bands. 

The texture oE the gabbros is hypidiomorphic or hypidiomorphic-granular. 
Megascopically they sometimes appear to be cataclastic, although microscopicall y thc 
texture is hypidiomorphic-granular. Some of the plagioclase g rai ns are bent, but the 
g roundmass between the large grai ns is h ypidiomorphic. The cataclastic varieti es 
were presumably recrysta llised during granulitisation. 

On the basis of their mineral composition, the gabbros are quartz gabbros, which 

ca n be subdivided even megascopically into various types exhibiting distinct vari
ations in the mutual abu ndances of guartz, garnet and dark minerals . Plagioclase 

(An"o - 6o) , quartz, ho rnblende (y' = dark green > a' = yell owish, ci 1y = 10- 14 , 
2Va = 65 ± 5°), augite (cAy = 40- 42°, 2Vy = 54 ± 5°) and h ypersthene (y' = 
red , a' = bluish grey, 2Va = 56 ± 5°) are the main minerals. Plagioclase is zoned 
and hornblende occurs as in tergrowths in association with hypersthene. In addition 

to the above minerals, the quartz gabbros occasionally contain garnet and biotite. The 

colour index is about 30 to 40 (T able 35). Macroscopically it is often di fficult to 

distinguish between quartz gabbros and quartz diorites because both rock types often 

contain about 30 percent dark minerals. They differ markedly in chemical compo 
sition, because the guartz gabbros have higher Feo + Fe 20 3 , MgO and CaO 
contents and lower Si0 2 contents than the guartz diorites (Tables 24 and 36). 

Table 35 
Mineralogical composition of quartz gabbros. 

Quartz ........... . . .. .. . 
Plagiocl ase . . . .. .. . ..... . 
Hypersthelle ... .. ....... . 
Augite ........ .. ..... . . . 
Hornblende . . .. .... . . . . . 
Gu=t . ...... .. .. .. .... . 
Accesso ries ..... . ....... . 

An ... . ... .. . ..... .... . . 

Colo r index 

1. lllari, Sallitlllltllri, 85{KM j55. 
2. lllari , Micss ij o ki , 189 jKM j60. 

20.7 
47.6 
13.7 

8.8 
7.9 

1.3 

57 

31.7 

2 

21.3 
41.5 

1.1 
0.8 

29.6 
5.0 
0.7 

60 

37.2 
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Tablc 36 
Chcmieal eomposüion of quartz gabbro. Inari, Sallitunturi, 85/ KM/55. 

Anal. P. Oj anperä 1956. 

Si0 2 .• ... .. .. • . •.•• ..... 

Ti02 • . ... .•. •.•••••••. . 

A I. 0 3 .. .. •... . .. .. ..•.. 

FC20 3 •..•• • ••• .. ••. . ••. 

FcO .... . ... . .......... . 
MnO ... ........ . . .. ... . 
MgO ... . . .... .. .... . .. . 
CaO . ............... ... . 
Na20 .. ... . . . .. ... ..... . 
K 20 ............ .... . .. . 
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CO2 . ••••••••••••••••••• 
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Color index 
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2.84 
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0.07 
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ell. .. .•..... 

fs ...... . .. . 
rnt ... .. .. . . 
il . .. .. ... . . 
ap .. . ..... . 

fem 

18.44 
1.50 

20.40 
28.48 

2.03 
2.29 
4.37 
7.78 
8.8 1 
4.12 
106 
0.33 

30.79 

' jggli \'alues 

al ... . ..... . 
frn .. .. . . .. . 
e ......... . 
a lk . ..... .. . 

si ......... . 
ti ......... . 
p .... . .. . .. 
h 
k 
mg . . .. .. .. . 

25.2 
42.5 
25.0 

7.3 

171.8 
1.2 
0.17 
4.4 
0.06 
0.40 

qz . . ........ + 42.6 

Diorites occur In association with quartz gabbros and quartz diorites. They are 

medium-grained (0 = 2- 3 mm), weakly foliated rocks and dark or brownish grey in 
colour. 

According to the mineral composition, the diorites are leuko- or anorthositic 

diorites. Main minerals are plagiociase and hornblende and there are a few percent of 

quartz and gamet (11/ = 1. 79 5 ± 0.003, al mandine-pyrope). Plagiociase is often zoned, 
the composition varying from oligociase at the rim to andesine or labradorite in the 

core. Accessories are opaques and apatite (Table 37); the latter is ciearly more abundant 
in this rock than it is in the quartz diorites. This same relationship has been observed 

bet\\'een the diorites and quartz diorites of the granulite complex proper. 
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Table 37 
Mineralogieal eomposition of diorites and quartz diorites. 

Quartz .. . ....... . . . ..... 1.3 17.3 21.9 24.3 38.4 
K-feldspar . . ............ + 
Plagioclase .............. 78 .6 55.8 50 .9 55.6 51.8 
Hornblende . ..... . ...... 15.5 21.9 21.9 16.1 8.4 
Biotite . . . . . . . . . . . . . . . . . . .+- 1.4 + 
Gamet ... .. . .... . ..... .. 2.6 2.6 3.0 2.2 1.4 

eeessories . . -, , . . ....... 2.0 2.4 0.9 1.8 ...l.. 

1\n .. .. ....... . ....... 42 40 40 45 40 

Color index . . . . . . . . . . . 20.1 26.9 27 .2 20.1 9.8 

1. Diorite. lnari, Miessijoki, 29 b/AT/56. 
2. Qllartz diorite. lnari, Kardllvuödi, 115/HN/58. 
3. Quartz diorite. Inari, Vaskonkangas, 24/ PV /56. 
4. Quartz di rite. Inari, SalJiwnturi, 83/KM/55. 
5. Qllartz diorite. Utsjok i, Kaunastaddantatta, 100/ PV/59 . 

Quartz diorites 

Quartz diorites are dark or brownish grey, medium-grained (0 = 2-3 mm) rocks 

with weak foliation that becomes faidy intensive dose to the granulite complex 

proper. These foliated varieties are difl1cult to distinguish from the tectonised horn

b lende gneisses , since they are both garnetifer ous. 

The texture of the quartz diorites is hypidiomorphic or hypidiomorphic-granular 

and often also catadastic. The predominant varieties contain plagiodase (An 3:; - H), 

hornblende and quartz as main minerals, often also garnet (almandine, 1/ - 1.800 ± 
0.002) and occasionall y biotite. Accessories are opaques and apatite. Alteration 

products are sericite, chlorite, muscovite or epidote (Table 37). Adjacent to the 

granulite complex proper, the quartz diorites locally contain hypersthene. 

The quartz diorites in the southwestern marginal zone of the granulite complex 

are largely hornblende - or hornblende-garnet-bearing rocks metamorphosed under 

the conditions of high grade amphibolite facies. Consequently, their mineral compo

sition is distinct from the hypersthene-bearing quartz diorites of the granulite complex 

proper, ",hich ",ere metamorphosed under the conditions of the granulite facies. 

There is no such marked difference in mineral composition between the gabbros and 

more basic infracrustal rocks in the granulite complex proper and those in its south 

western marginal zone, since these a1l genera1ly contain both hornblende and pyro xene. 

This suggests that the granulitisation took place under conditions roughly corre 

sponding to the crystaliisation temperature of the hypersthene-hornblende gabbros 

(norites). 
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Potash granites 

Potash g ranites occur north of Lemmenjärvi in outcrops and large local boulders. 

They are pinkish, fine- to medium -grained (0 = 0.5- 2 mm), weakly foliated or 

almost massive rocks with a granoblastic texture. Quartz, potash feldspar and plagio

clase (An i o) are the predominant constituents. The potash feldspar is cross -hatched , 

perthitic microcline and occurs in greater abundance than plagioclase. The rocks also 

contain minor garnet and amphibole with accessories o f opaques, titanite and zircon . 

P o tash g ranites similar to those of Lemmenjärvi occur in the W est Inari schist zone 

on the eastern slope of the Skietshamtunturi fells, in the tectonic window at Kevo and 

south of Menesjärvi in the granulite complex proper. 

Stratigraphy and tectonics of the granulite complex 

The primary structures of the sedimentogeneous gneisses in the granulite complex 

\\Tere often destroyed or altered to such an extent when the rocks of the complex were 

metamorphosed under the conditions of the g ranulite facies that the y are now diffi

cult to interpret. Nevertheless, some large-scale tectonic structures can be established 

by means of the strike and dip of foliation (bedding) and by the variation exhibited in 

them. 

Foliation and bedding 

The foliation in the rocks of the southwestern and northeas tern marginal zones of 

the g ranulite complex is moderatel y to well developed, being, however, generall y 

more conspicuous in the former area than in the latter. This is partly because the 

foliation in the southwes tern margi nal zone dips more gently and is accentuated by the 

g ranulite deformation and partly because the interbedded supracrustal r ocks contrib

ute to the impression of distinct foliation . The bedding is commonly parallel to the 

fo liation or conformable with its general trend . 

In the area of the granulite complex proper, the foliation is most prominent in the 

western and southern parts of the complex (Fig. 43), that is, at those sites where the 

abundance of fine-grained garnet-quartz-feldspar gneisses and garnet-biotite gneisses 

is greatest. In the areas characterized by coarse-grained garnet-cordierite and garnet

quartz -feldspar gneisses in particular, the fo liation is freguently weakly developed and 

the bedrock, w hen viewed from a distance, resembles infracrus tal rather than 

supracrustal rocks (Fig . 44). Likewise, the bedding of the r ocks has best survived in 

the western and southern parts of the complex. It is especiall y marked in those places 

where the fi ne-grained garnet-guartz-feldspar g neisses are interbedded with garnet 

biotite g neisses. Sometimes the bedding in the former becomes visible owing to the 

presence of carb onate-bearing bands (Fig. 30). In the garnet -cordi erite g neisses the 

12 1282 4- 75 
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Fig. 43. Highly foliated fine-grained garnet-quartz-feldspar gneiss in western 
part of granulite complex. Inari , Paltsavaara. Photo K. Meriläinen. 

Fig.44. Weakly foliated coarse-grained garnet-quartz-feldspar 
gnciss. lnari, Nukkumapää. Photo K. Meriläinen. 
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bedding is relictic and can be indisputably established only at localities w here sedi

mentogeneous, fine-grained garnet-quartz-feldspar gneisses are more common than 

usual. The infracrustal rocks in the g ran ulite complex are weakly foliated or gneissose 

and in the southwes tern marginal zone even schistose. 

The foliation most often dips E or NE in the area of the g ranulite complex. At 

Inarijärvi and southeast of it the foliation , however, usuall y dips N but als o Sand SW. 

A slight variation also exists in the direction of the dip in the headwaters of Kevojoki, 

east of Karigasniemi. The dip is usually about 10 to 40°, but in extensive areas in the 

western and inner parts of the complex, the dip is more gentle, i.e . from 0 to 30°. 
Steep dips (70-90°) are mainly encountered in the eastern and n ortheastern parts of 

the g ran ulite complex. On the basis of the variation in the dip, some tectonic macro 

blocks can be delineated (Figs . 15 and 16). 

Stratigraphy 

No basal conglomerates have been discovered in the area of the granulite complex 

to disting uish its supracrustal rocks or rock groups from each other. Consequently, 

the stratigraphical sequence of the supracrustal rocks has been established on the 

basis of rock associations, tee tonic structures and radiometrie datings. The strati

g raphy of the rocks is particularly complicated in the northeastern part of the complex, 

at Inarijärvi and southeast and northwest of it, because intense vertical movements 

following granulitisation have uplifted the granulite complex proper probably for 

several kilometres relative to the granite gneiss complex. This can be deduced from 

the fact that the rocks of the granite gneiss complex were metamorphosed under the 

conditions of the amphibolite fa eies whereas those of the granulite complex were 

metamorphosed mainly under the conditions of the granulite facies. 

The supracrustal gneis ses in the northeastern marginal zone of the complex are 

invariably associated with the supracrustal rocks of the Kuorboaivi schist zone at 

Syysjärvi and are presumably of the same age, i.e. Prekarelian. Further deformation 

took place during the Karelian orogeny accompanied by the simultaneous intrusion 

or development of Karelian infracrustal rocks. 

The boundary between the northeastern marginal zone of the granulite 

complex and the granite gneiss complex is emphasized not only by the strong aero

magnetic anomaly but also by the quartzites encountered on the islands of Kaamas 

saari and Lusmasaari and elsewhere in the northeastern marginal zone of the complex. 

D espite the fact that these quartzites are seldom more than twenty metres thick they 

still indicate quite clearly that the quartzites as well as the overlying quartz-feldspar 

g neisses, horn blende gneisses, amphibolites and various types of mica gneisses form 

a group of sedimentogeneous and volcanogeneous rocks that are younger than the 

rocks of the granite gneiss complex. They were presumably deposited on the rocks 

of the granite gneis s complex discordantly, although they too may be of Prekarelian 

age . In the northeastern marginal zone of the g ranulite complex the stratigraphie 
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sequence of these rocks from bottom to top is as follows: quartzites and quartz

feldspar gneisses, amphibolites, hornblende gneisses and amphibolites interbedded 

with quartz-feldspar gneisses and mica gneisses (the sedimentary-volcanic group), and 

finally biotite gneisses, which probably occupy a stratigraphie position analogous to 

that of the fine-grained garnet-quartz-feldspar gneisses (greywackes and sub

greywackes) and garnet-biotite gneis ses (argillaceous rocks) of the granulite complex 

proper. 

As indicated previously, the supracrustal rocks characteristic of the northeastern 

marginal zone are similar to those in the southwestern marginal zone of the g ranulite 

complex, whose a stratigraphie sequence from bottom to top is as fo11ows: arkose 

gneisses (on the wes tern border of the zone) and loca l I y some thin quartzi te beds, 

amphibolites, hornblende gneisses, biotite gneisses and amphibolites interbedded 

wüh quartz-feldspar gneis ses (the sedimentary-volcanic group). At the top are fine

grained garnet-quartz-feldspar gneisses and garnet-biotite gneisses, the sedimentary 

group of the granulite complex proper. 

Fine-grained garnet-quartz-feldspar gneisses, garnet-biotüe gneisses and to a 

lesser extent also garnet-biotite-plagioclase gneisses form a group of stratigraphically 

youngest sedimentogeneous gneisses (tbe sedimentary group) in the western and 

southern parts of the granulite complex proper. Occasiona11y, however, they are 

abundant in the central parts of the complex (the Saariselkä area, Hammastunturit, 

Nuovakkapää, Pa110aivi and some parts of tbe fe lls Muotkatunturit and Paistunturi 

and are even found at its eastern end (Karipää, Rautapää, Kurupää). The eastern 

and central parts of the complex are largely occupied by coarse-grained garnet-quartz

feldspar gneisses and garnet-cordierite gneisses formed as a result of granulitisation 

from the gneisses of the sedimentary and sedimentary-volcanic groups of the granulite 

complex or from the rocks of the granite gneiss complex. Gamet gneisses derived 

from rocks of the granite gneiss complex occur in the cores of large anticlines and 
anticlinoriums in particular, in the areas of Paistunturit, Muotkatunturit, Appis

tunturit and Hammastunturit, as ",·ell as at Inarijärvi and northwest and southeast of it. 

Folding and m etamorphism 

The oldest infra - and supracrustal rock of the granulite complex were uplifted, or 

metamorphosed probably together with the rocks of the Apukasjärvi, Vätsäri and 

Kuorboaivi schist zones and the West Inari scbist zone under the conditions of the 

amphibolite facies about 2500 Ma ago. According to the zircon ages and the Rb-Sr 

method, the rocks of the g ranulite complex proper were later uplifted, or folded and 

metamorphosed under the conditions of tbe granulite facies about 2 150 Ma ago, and 

metamorphosed once again diaphthoretically under the conditions of a lo\\"-g rade 

granulite facies and a high-grade amphibolite facies 1 900 Ma ago. 

During tbe granulitisation process, the supracrustal rocks of the complex were 

metamorphosed under the conditions of a high temperature granulite faci es into 
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vanous types of garnet gneisses. The infracrustal rocks (quartz gabbros, diorites, 

quartz diorites) altered into h ypersthene-bearing varieties that locally contain garnet. 

Ho\\·ever, \\"ithin the marginal zone of the complex, metamorphism took place mainly 

cmder the conditions of thc amphibolite facies. Hence, thc infracrustal rocks frequently 

contain amphibole and often garnets as well. 

Despitc the intense metamorphism primary structural features are s0l11etimes 

presen-ed in the garnet gneisses . Thus, fine-grained garnet-quartz-feldspar gneis ses 

exhibit relict bedding and clastic (blastoclastic) structure, which indicates that the 

mctamorphisl11 took place under compression without significant shearing. Largc 

platy quartz crystals ",ere recrystallised from several small grains, but even so, garnet 

gneisses generated by shearing are more characteristic of the granu lite complex 

proper. The fine-grained ga rnet-quartz-feldspar gneisses are the rocks of the granulite 

facies that have best avoided diaphthoretic l11e tal11orphisl11, w hich is w hy their zircons 

(c. 2140 Ma) are clearly older than the zircons of the garnet-cordierite gneisses 

(2000- 2040 Ma) that underwent intense diaphthoretic l11etamorphism. 

The studies on the rocks by the whole rock common lead method and on their 

potash feldspars by the coml11on lead method clarify the processes that took place 

during g ranulitisation in the granulite cOl11plex proper, in its rocks and rock groups . 

Thus, the narrow isochron given by the whole rock common lead method and its 

position in the diagral11 (Fig. 50) indicate that some uranium has left the system. The 

increase in radiogenic lead is distinctly smaller than in the other rocks of the isochrons 

in the diagral11. The fact that the potash feldspars from the rocks of the granulite 

complex fall within a narrow area in the diagral11 suggests that lead was strongly 

homogenized also between the rock units . 

During the diaphthoretic stage most of the rocks of the granulite complex were 

remetamorphosed at high press ure and temperature, i.e. under the conditions of 

IO\\" -grade g ranulite facies and hig h -grade amphibolite facies. The gamet in the garnet 

g neis ses was locally altered into cordierite at the same time as the biotite was 

recrystallised. The grains of cordierite and potash feldspar often grew into por

phyroblasts. However, it is unlikely that all the garnet-cordierite g neisses \\"ere formed 

during the diaphthoretic deformation. It is worth noting that, during that event in 

particular, metamorphism was accompanied by shearing but that the final recrystallisa 

tion took place only under cOl11pression. Otherwise neither the intrusion of the 

country rocks by the anatectic veins nor the commonly unoriented massive structure 

of those veins still be visible. This would also seem to be the only explanation for the 

crystallisation and survival of cordierite under the conditions of the granulite facies. 

During the diaphthoretic stage, axial plane foliation developed locally in the fine

grained garnet-quartz-feldspar gneisses as transverse foliation cutting the bedding 

(Fig. 45). The reoriented quartz grains are seen as lineations on the plane of schistosity. 

i\Ioreover, garnets and their aggregates have often been reoriented parallel to this 

younger foliation (see Sahama 1936). The trend of the foliation produced by the 

diaphthoretic deformation is W or WNW. The bedding is seen in some places as a 
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5cm 

Fig. 45. Fine-graincd ga rnet -quartz-fe ldspar g neiss w ith t ransversa l foliation. 
NotOnly the quartz, but also the garnet crysta ls and clusters often conform 
tO the new foli ation. lnari, J\;[aunavaara, about 10 km northeast of Vasko-

joki anorthos ite. PhotO K. l\[eril äi nen . 

or 1 E trending lineation o n this yo unge r plane of foliation, e.g . on l\Iuotka

tunturit. During the diaphth oretic stage anatectic veins cut the gam et g neisses. 

Zircon dating indicates that the granulite complex was penetrated by the Vuoskul 

järvi postgranulitic scapolitc quartz diorite towards the end of or soon after the 

diaphthoretic stage, i.e. about 1900 Ma ago. This rock is completely ungranulitis ed 

and exhibits only slight foliation. Later, about 1 730 Ma ago, the complex was cut by 

the postorogenie granites of attanen and Juvoaivi as weil as by d ykes of quartz 

syenite porphyry and olivine diabase, none of ",hich display any o bvious sig ns of 

deformation. 

THE WEST I ARI SCHIST ZO lE 

The West Inari schist zo ne, which trends north\\'a rds between the granulite 

complex and the H etta g ranite massif, is a fork of the schist area of Central and East 

Lapland. Tbe supracrustal rocks o f the West Inari schist zone are composed of 

guartzites, arkose g nei sses, mica g neisses and schists, hornblende g neisses, am 

phibolites and g reen schists. The infracrustal rocks comprise ultrabasic rocks, gabbros , 

guartz diorites and granites. 

Tbe su pracrustal rocks (of the West Inari schist zo ne) form tbree conformable 

zo nes with distinct rock types: 1) a zone of arkose g neisses along the eastern border of 
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the schist zone, 2) the Peltotunturi zone with abundant quartzites and green schists 

along the western bord er of the schist zone (see Mikkola 1941), and 3) a wide 

amphibolite zone between zones 1) and 2). The zones grade into one another and 

locally contain rocks characteristic of the adjacent zone. The transitional zones are 

composed of quartzites and hornblende gneisses. The su pracrustal rocks are frequently 

cut by granite veins or veinlets mainly parallel to the foliation, the widest of which, the 

coarse-grained pegmatites, are several metres, even twenty metres wide. Veined 

g neisses are rare. Granite veins are more sparse in the amphibolites and green schists 

than they are in the other supracrustal rocks. The amphibolites include a fe,v diabase 

like variants, whose relation to the environment, however, has not been established. 

Petrologically they are analogous to the diabases in the granite g neiss complex. 

Supracrustal rocks 

The supracrustal rocks are arkose gneisses, quartzites, mlca gneisses or schists, 

g reen schists, amphibolites and hornblende g neisses. They were metamorphosed 

mainly under the conditions of the amphibolite facies although occasionally also 

under those of the epidote-albite-amphibolite and green schist facies , as for example 

on the Peltotunturi zone. 

Arkose gneisses 

An arkose gneiss zone 5 to 15 km wide can be traced along the southwestern 

marginal zone of the granulite complex. South of the river Ivalojoki it bifurcates. One 

fork following the border of the granulite complex eastwards and north of Korva 

tunturi into Soviet territory and the other fork running southwards to northwest of 

the village of Sodankylä. 

The arkose gneis ses are distinctl y foliated, fine- to medium-grained (0 = 0.5 to 

2 mm) rocks, brownish red, reddish g rey or greyish brown in colour. Observations 

made by the present author indicate that the »banded and mylonitic granite gneiss» in 

the northern parts of Sodankylä (Mikkola 1941) is arkose gneiss. 

The texture of the arkose gneisses is frequently grano- or blastoclastic, although 

some of the less metamorphosed types are clastic and beautifully layered (Fig. 46). 

Quartz (25 to 35 percent), potash feldspar (20 to 50 percent) and plagioclase (An lo - 3o) 

are the major minerals. The arkose gneisses most deficient in potash felds par are the 

varieties in association with amphibolites, hornblende g neisses and biotite g neis ses 

that are distinguished from the majority of the arkose g neisses, by their grey color. In 

addition to the above minerals, these rocks often contain a few percent of bluish 

g reen hornblende (cAy = 7- 14°, y' = blue g reen > a' = yellowish), diopside or 
biotite as weil as occasional garnet or epidote. Opaques, titanite and apatite are 

accessories (Table 38). 
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Fig. 46. Bedded, elastie arkose gneiss on banks of ri ver Repoj o ki, south of 
Lernrnenjänkä. Inari, Repo joki. Photo K. Meril äinen. 

The chemical composition oE the arkose gneis ses corresponds to that oE arkoses, 
as is maniEested in the analytical data by the high abundances oE Si0 2 and Na 2 0 ...t

K 2 0, and the 10w abundances oE MgO, FeO and CaO (Table 39). The arkoses were 

deposited simultaneously with volcanic activity, which is emphasized by the 10cal 

Table 38 
Mineralogieal eornposition of arkose gneisses. 

Quartz ................ . . 37.5 34.6 33.3 33.1 30.7 27.7 27.4 23.5 
K-feldspar .... . ........ .. 19.3 25.2 25.5 40.3 18.1 22.8 40.9 51.6 
Plagioclase . . . . . . . . . . . . . . 32.8 37.0 29 .0 23.4 40.6 41.5 22.1 20 .3 
Biotite .. ..... . ... . ...... 1.6 7.5 7.7 0.4 
Serieite ................. 1.4 
Hornblende ............. 0.8 1.4 7.0 8.7 2.8 
Epidote . . . . . . . . . . . . . . . . . 0.3 1.9 
Garnet •• • ••••••••••• 0 ••• + 1.5 
Aeeessories ........ . ..... 3.4 0.5 3.0 1.3 1.7 0.3 0.5 1.8 

An • •••••• 0 •• • •••••• • •• • 16 30 nd nd 28 18 10 nd 

1. Inari, Peltotunturi, 28 b/K I/55. 
2. Inari, Vaskojärvi, 63 e/KM/56 (ehern. anal. In Table 39). 
3. lnari, Vaskojärvi, 63 e/KM/56 (ehern. anal. in Table 39). 
4. Inari, Vaskojärvi, 63 d/KM/56. 
5. lnari, Naukusselkä, 57/KIxf/55. 
6. Inari, Repojo ki, 79 /KM/55. 
7. Inari, Verdiselkä, 89/KM/55. 
8. Inari, Kotaoja, 26 a/A T /56. 
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T able 39 
Chemieal eo mposition of arkose g neisses . 

\'<'cight per cent 
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0.21 
1.85 
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10.19 
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33.83 

2.50 
0.82 

0.50 
0.49 
1.46 
0.22 
0.11 

2.78 

Mode Niggli va lues 

Quartz ....... .... . ..... . 
Potash felds par ..... .... . 
Plag!oc!ase ........ . . . .. . 
BlOtite .. .. . .. .. ... . .... . 
Chlorite .. . ......... . . . . . 
H o rnblende . .. ...... .... . 
Epidote . .... . .. .... . . . . . 
Garnet .... ... .. .... . ... . 
Aeeessories ..... ....... . . 

34.6 
25.2 
37.0 

1.6 
+ 

0.8 
0.3 

0.5 

An .. . ...... . . . .. .. .... . 30 

Color index . ........... . 3.2 

33.3 
25.5 
29.0 

7.5 

1.5 
3.0 

12.0 

al . . ...... . . 
fm ........ . 
e .. .. .. . ... . 
alk ........ . 

si . ........ . 
ti 
p .. . .. . . . . . 
h 
CO2 .... .. . . . 

k ......... . 
mg .. .. .... . 

qz .. ..... . . . 

1. Inari , Vaskojoki, 63 e/KM/56. Anal. A. Heikkinen 1957. 
2. Inari, Vaskojoki, 63 e/KM/56. Anal. A. Heikkinen 1957. 

36.9 
22.5 
10.9 
29.7 

400.0 
1.3 
0.09 

16.2 
9.7 

0.47 
0.08 

+ 181.2 

2 

45.9 
10.0 

3.7 
39.5 

475.4 
0.56 
0.13 
7.2 

0.39 
0.17 

+ 217.4 

intercalations of amphibolites and hornblende gneisses in the arkose gneisses. Their 

hornblende content suggests that the volcanic ash or the weathering products from 

the volcanic rocks were mixed with arkose sand during the deposition (see Table 38, 
anal. 5 and 7) . 

With the exception of their colour and mineral composition, the arkose gneisses 
bear a certain resemblance to the guartz -feldspar gneisses in the marginal zones of the 

granulite complex (Tables 27 and 31) . The arkose gneis ses are generally reddish grey 

o r brownish red and rich in potash felds par, whereas the guartz-feldspar gneisses are 

13 12824- 75 
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g rey and rieh in plagioelase. This is probably beeause on the wh ole the quartz

feldspar gneisses are mo re closely associated with the volcanites than are the ar kose 

gneisses . The amount of light minerals is almost the same but the average o f guartz is 

slightly hig her in the guartz-feldspar gneisses than in the arkose g neisses . On the other 

hand, mutual comparison of the arkose gneisses and the guartz-fe ldspar g neisses in 

the northeaste rn marginal zone of the granu lite co mpl ex in particular shows that the 

ark ose gneisses (a rk oses) represent weathering products of r ock types w hose average 

potash felds par content is higher than that of the rocks of thc g ranite g neiss compl ex 
immediately east and northeast of the g ranulite complex. 

Quartzites 

Quartzites occur as wide zones o r interca lations in thc green schists and I11lCa 

schists of the Peltotunturi schist zone. They are also encountered locall y alo ng the 

borders of the amphibolite zones as thin intercalations and bands in the guartz-feldspar 

gneisses, arkose g neisses and hornblende g neisses. The guartzites on the margins of 

the amphibolite zones probably form almost continu o us layers that are al\\'ays exposed 

in those places where outcrops abou nd (e.g. along river beds). 

The guartzites exhibit distinct foliation. They are fine -grained (0 = 0.2- 1 111m), 

\\' hite, g rey or greyish brown rocks, and often show microbedding (Fig. 47). Their 

textu re is g ran o- or blastoclastic and occasionall y even clastic. In mineral composition 

the guartzites are ortho- o r ar kose guartzites. 

F ig. 47. Finc-grained, blastOclastic, bedded quartzite. Enontekiö, 
Kortevuoma . PhotO K. Meriläinen. 
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The orthoquartzites are composed predominantly of quartz, with small amounts of 

plag ioclase and potash felds par. The quartzites in the Peltotunturi schists also contain 

muscovite and sericite. Opaques, apatite and zircon are the accessories. 

Quartz, plagioclase (An10 - 2S) and potash feldspar are the major minerals in the 

arkose quartzites. Furthermore, the quartzites in the Peltotunturi schists frequentl y 

contain muscovite and sericite, and they may pass locally into sericite quartzites and 

sericite schists. The accessories are carbonate, opaques, apatite, garnet, titanite and, 

on the borders of the amphibolite zones , often als o amphibole and chlorite. The 

mineral composition of the arkose quartzites locall y corresponds to that of the arkose 

gneIsses. 

The quartzites are derived from quartz- or feldspar -rich sands, although some of 

the ones associated with amphibolites and hornblende g neisses may be cherts in 
origin. 

Mica gneis ses and mica schists 

Mica g neis ses and mica schists occur locally in the arkose g neisses as thin laycrs 

onl y slightl y richer in mica than are the arkose g neis ses themselves. Along the borders 

of the amphibolite zones and in the Peltotunturi schists thin layers of mica g neisses are 

interbedded with amphibolites, hornblende gneis ses , g rey quartz-feldspar g neisses or 

arkose gneisses, or in the Pel totunturi schists even with g reen schists and quartzites. 

On Peltotunturi, mica gneisses have often been replaced by fine-grained and biotite

rich mica schists . The mi ca schists are also encountered as large inclusions in the 
eastern part of the Hetta g ranite. 

The mica gneisses are conspicuousl y foliated rusty rocks, pale or dark grey, 

sometimes brownish in colour. They are fine- to medium-grained (0 = 1-2 mm) 

with granoblastic or nematoblastic texture. Main minerals are plagioclase (An
10

-
20

), 

potash feldspar, quartz and biotite. They often also contain muscovite and occasionally 

cpid o te, garnet, carbo nate, chlorite or hornblende. Opaques, apatite, titanite, allanite, 

zirco n and sometimes g raphite are the accessories (Table 40). In the Peltotunturi mica 

g neis ses, in particular, biotite is partly replaced by muscovite, and in the mica gneisses 

of the arkose gneiss zone by hornblende. At Pelto tunturi garnet-biotite-gneiss has 

been encountered that resembles the garnet-biotite-gneisses in the granulite complex 

proper. Marmo has (1960) reported an andal usite-bearing mica g neiss from the eastern 
part of Peltotunturi. 

Mica schists are visi bly darker, richer in micas (biotite) and finer-grained than the 
mi ca g neisses . 

.Mica gneisses and schists are largely derived from grey\\'ackes. Only the very 

mica-rich and often garnet-beari ng mica gneisses have a composition corresponding 

to that of micaceous shale. The carbo nate- bearing mica gneisses might have been 

derived from calcareous greywackes and shales, h ornblende andjor chlorite-bearing 
mica gneisses from tuffaceous sedimentary rocks. 
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Table 40 
Mineralogical composition of mica gneisses. 

2 3 4 

Quartz ................. . 47.1 42.3 39.4 29.3 23.4 10.1 
K-feldspar . . . . . . . . . . . . . . . 1.5 7.4 9.2 18.2 29.2 
Plagioclase . .. ........... 39.8 32.4 34.2 33.4 40.4 29.5 
Biotite .................. 8.7 3.8 16.6 12.9 32.1 30.2 
Chlorite ••••••• 0 ••• • ••••• + 
Sericitc . ........ . .. . .... 2.6 8.2 -I-
Hornblende ... . ........ . . 2.7 
Epidote ... .. ........ . ... 4.6 
Accessorics . . . . . . . . . . . . . . 0.3 5.9 0.6 1.6 1.4 1.0 

An .... . . . ... . ....... . .. nd nd 28 nd 33 20 

1. Enontekiö, Avisuorajoki, 14/TP/55. 
2. Inari, Avisuoratunturi, 35/KM/55. 
3. Enontckiö, Peltotunturi, 8 b/RL/55. 
4. Inari, Skärrioja, 37 a/KM/55. 
5. lnari, Repojoki, 13/KM/61. 
6. Enontekiö, Lenkihaka, 22/KM/55. 

Hornblende gneis ses 

Hornblende gneisses interbedded with amphibolites, quartz-feldspar gneisses, 

arkose gneisses and quartzites, occur along the borders of the amphibolite zones. 

Some beds and bands, now cale-silicate gneisses , are rich in diopside and jor epidote 

with occasional carbonates. 
The hornblende gneis ses are very much the same as those in the marginal zones of 

the granulite complex and in the Apukasjärvi, Vätsäri and Kuorboaivi schist zones; 
They are grano- or blastoclastic in texture with plagioclase, quartz and hornblende as 

major minerals. Furthermore, they often contain biotite, epidote and chlorite, and, 

especially in the hornblende gneisses in the vicinity of the arkose gneisses, potash 
felds par. There is a continuous series of transitional types from arkose gneisses, 

which frequently contain hornblende, to hornblende gneisses. Hence, it is impossible 
to draw an exact boundary between the arkose gneisses and the hornblende gneisses 

(Tables 38 and 7). 
The hornblende gneis ses are metamorphosed tuffaceous sediments. When the 

arkose gneiss passes into tuffitic gneiss the relative abundance of plagioclase increases 

at the expense of potash feldspar in particular. This change in the mineral composition 
of the deposited material is similar wherever arkositic sands tone deposits derived from 
granitic bedrock have been overlain and alternately intercalated or mixed with ash and 

lava of andesitic to basaltic composition. These conditions have also favoured the 
formation of carbonates, as can be seen from the bands and beds of cale-silicate 

gneisses following the borders of the amphibolite zones. 
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Table 41 
Mineralogical composition of amphibo lites. 

3 

Diopside ... . ...... 0.· · . . 3.5 2.3 
Hornblende •• 0 •• • •• 0 •• • • ' 62.2 59.8 55 .6 52.9 65.4 
Plagioclase ..... . . .. . . ... 36.4 20.0 40.8 43.7 30.7 
Epidote . . ..... . . .. . . ... + + -r + 
Chlorite ... . .. . . . . . . . . . . + 
Gamet .. ... . . .. .. . . . .. . . 9.7 
Accessories •••• 0 ••• •• 0 • • • 1.4 -r 3.6 1.1 3.9 

An .. . . .. . . . ..... • • 0 ••• nd 40 nd 38 45 

1. lnari, Kotaoja, 27 jATj56. 
2. lnari, Vaskojoki, Kutusuvanto, 18 bj PVj 56. 
3. lnari, Kietsimäjoki, 18jRLj 55. 
4. lnari, Stuorra Poggijävri, 31 j PV j 56. 
5. Utsjoki, Tsharsjoki, 52j FS j59. 

Amphibolites 

Amphibolites occur n ot only in the main amphibolite zone of the West Inari 

schist zone, but also in the Peltotunturi zone and alon.g the edges oE the amphibolite 

zones as intercalations irregularly alternating with other supracrustal rocks. They are 
also encountered at some localities as beds in arkose gneisses. 

The amphibolites show a well-developed foliation. They are banded, fine-grained 

(0 = 0.2- 1 mm) or medium-grained (0 = 1- 2 mm) rocks, dark or blackish green 

in colour. Some amphibolites exhibit amygdaloidal structure, the amygdules being 

filled with ovoid al g rains of plagioclase, 0 = 2- 3 mm, or with clusters oE plagioclase 
and quartz grains. 

The amphibolites are granoblastic in texture with hornblende (cAy = 17-27°) 
and plagioclase (An 25 - . o) as main minerals. Plagioclase has Erequently been altered 

into saussurite. In addition to the above minerals, the rocks occasionally contain 

quartz, gamet and diopside . Opaques, apatite and titanite are the accessories (Table 41 ). 

The majority of the amphibolites are metamorphosed basic (andesitic to basaltic) 
lavas and tuffaceous rocks . Many amphibolites, especially those that occur as con

cordant beds in arkose gneisses, are amphibolitised, diabase-like sills or intrusions. 

Megascopically and in mineral composition they are very similar to the amphibolitised 
diabases in the granite gneiss complex. 

Greenschists 

The greenschists, which are mainly restricted to wide zones in the Peltotunturi 

schists, Erequently contain mica schist intercalations and even amphibolite and 
quartzite beds. They are also encountered in the zones oE ultrabasic inEracrustal rocks 

along the margins oE the Repojoki amphibolite zone. 
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The g reenschists exhibit conspicuous foliation with signs of strong tectonisation. 

A fresh surface is greenish or dark green in colour, whereas the weathered surface is 

often covered with rust. Carbonates and magnetite disseminations are often 

megascopically visible . Some of the greenschists exhibit amygdaloidal structure, the 

amygdules being filled with grains of porphyritic plagioclase or clusters of guartz and 
plagioclase crystals. 

The mineral composition of the greenschists varies. The bulk of them are 

amphibole-chlorite and chlorite schists, which furthermore also contain variable 

amounts of tale, magnesite, and opagues. The varieties richest in tale and magnesite 

are amphibole-tale, chlorite-tale, serpentine-tale and tale-magnesite schists. In 

pI aces the amphibole-chlorite and chlorite schists grade into chlorite-mica schists, 

with guartz, chlorite and biotite as the predominant constituents. The amphibole in 

the chlorite-mica and greenschists is commonly colourless or pale green fibrous 

tremolite. Opagues, titanite and apatite are the accessories. 

Greenschists occur regularly in the same areas as peridotites and even in the same 

bodies with them. Some of the greenschists were presumably formed during the 

metamorphism of the peridotites, the majority, however, are metamorphosed picritic 

and tholeitic voleanic rocks. An example of similar, although somewhat less strongly 

metamorphosed rocks are the greenschists at Kittilä, south of Peltotunturi (see, 

lvfikkola 1941), which have preserved agglomeratic structures and vesicular textures. 

It is also likely that some of the greenschists are metamorphosed basic sills and tuffa

ceous sediments. 

Infracrustal rocks 

The infracrustal rocks in the West Inari schist zone are ultrabasic rocks, gabbros, 

quartz diorites and granites. They show a concordant boundary with the supracrustal 

rocks and are locally cut by granite veins. Some of the ultrabasic rocks in the West 

Inari schist zone have been studied in detail by E. Mikkola and Th. G. Sahama (1936) 

and V. Marmo (1960). 

Ultrabasic rocks 

Ultrabasic rocks occur as concordant, oblong or lens-like bodies in the schists of 

Peltotunturi and along the edges of the Repojoki amphibolite zone. They are often 

located in fracture zones that appear on maps as ravines, rivers or chains of lakes 

parallel to the trend of foliation. 

In mineral composition the ul trabasic rocks are peridotites, pyroxenites, 

serpentinites and a diversity of serpentine, chlorite and amphibole rocks, which, in 

addition to the characteristic minerals, also contain tale and/or magnesite. One 

intrusive may include several ultrabasic rock types. 
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Peridotites have a rusty -brown weathering crust; otherwise, they are dark green or 

brown in colour and massive or foliated . Olivine, hypersthene and serpentine are the 

predominant minerals with minor amounts of tremolite and chlorite. Opaques, spinei, 

iddingsite and carbonate are accessories. 
Catalysed by the movements, the peridotites have been metamorphosed locall y 

into various kinds of amphibole-chlorite, amphibole-talc-serpentine and chlorite 

schists, w hich frequentl y contain magnesite and occasionally even abundant opagues 

(magnetite). 
Pyroxenites are pale to medium brown, massive or distincly foliated rocks with a 

hypidiomorphic texture. The interstices between the hypersthene grains often contain 

small amounts of plagioclase, diopside and tremolite. In some pi aces there are large 

olivine g rains as well as smaller ones that have been totall y altered into serpentine. 

Opaques, apatite and spinel are the access ories. 

Serpel1tinites are dark-green and often clearl y foliated rocks with a rusty -brown 

wea thering surface. They are composed chiefly of antigorite and chrysotile although 

they also contain peridotitic or olivine- and tremolite-bearing bands and accumula

tions. In these bands the olivine grains form pseud oporphyroblasts that are cut b y a 

net\\-ork of serpentine, and which accentuate the folia ted structure o f the rock. The 

individual oli vine grains of the bands show a homoaxial arrangement, w hich is a 

cl ear indication that the serpentine is derived from olivi ne. Serpentinites, and in pi aces 

also peridotites, are cut by chrysotile veins that have occasionall y developed into 

as bestos. 

Gabbros 

O nly one gabbro occurrence has been marked o n the map, and even that is based 

on infor mation obtained from o ld field notebooks. Some amphibolites, which are 

presu mabl y conformable intrusions or diabase sills, show gabbroic structure. 

Quartz diorites 

A granite sampie taken from the Maunu vaara granite massif (for zircon dating) 

proved to be quartz diorite. It is a gneissose, medium-grained (0 = 2- 5 mm) rock, 

grey in colou r, w hich has undergone cataclastic granulation and later recr ys tallisation . 

The large, ovoidal plagioclase grains accentuate the gneiss ose structure of the rock . 

In addition to the main minerals, plagioclase (An 30 - 3 5), quartz and biotite, the rock 

contains some epidote and potash felds par, with apatite, titanite and muscovite as 
accessones. 

Gra n ites 

The granites are grey or pinkish rocks, the pinkish variety being frequently 
coarse pegmatitic in structure. 



104 Geological Survey oE Finland, Buhletin 281 

Fig.48. Subhorizontal jointing in Hetta granite. Jointing is conformable with 
foliation of gneisses in area. Enontekiö, Tsuukisoja. Photo K. Meriläinen. 

The grey granite is represented by the Hetta granite (see E. Mikkola 1938, 

Matisto 1969), which occupies a large and partly migmatic area bordering the Inari 
schist zone in the west. Granites of this type are also encountered in the Maunuvaara 

massif along the middle course of the river Repojoki, locally in the Peltotunturi 
schists, as boulders southwest of Maunuvaara and in an exposure near the mouth of 
the river Postijoki. 

The Hetta granite is a g rey or brownish grey, medium-grained (0 = 1- 4 mm) 
rock with a slightly porphyritic and incipiently foliated or massive structure. At and 

around Tsuukisvaara the rock exhibits strong, gently sloping and intensive jointing 

that locally resembles foliation (Fig. 48). This jointing coincides in many places with 

the gently dipping foIiation whose dip seldom attains values as high as 30°. In the 
vicinity of the river Käkkälöjoki, the granite is occasionally pinkish and contains 
large, lens-shaped mica schist xenoliths that grade into the granite. This pinkish 
granite is rich in potash feldspar . 

The Hetta granite has a hypidiomorphic or hypidiomorphic-granular texture with 

plagioclase (An 2o - 35), potash feldspar and guartz as major minerals. It also contains a 

few percent of biotite as weil as rare muscovite and chlorite. Opagues, epidote, allanite, 
apatite, zircon and titanite are the accessories (Table 42). Hornblende is occasionally 
found along the western margin of the Hetta granite. Plagioclase is locally zoned with 
andesitic cores, and conseguently, the Hetta granite also passes into granodioritic 
varieties. 
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Table 42 
Mineralogical composition of granites. 

Quartz . . . . . . .. .. . .. .. .. . 
K-feldspar ..... . ....... . . 
Plagioclase . . . ... . . 
Biotite ................. . 
Chlorite . .... .. .. .. .... . . 
Muscovite .. . ........... . 
Accessories ........ . .... . 

An . . .. . . . .. . . .. . ...... . 

26.7 
22.3 
46.2 

2.8 
+ 

1.3 
0. 7 

nd 

1. Eno mekiö, Tshuukisvaa rri, 8 cJKMJ55. 
2. E nomekiö, Käkkälöj o ki. 

29.0 
25.0 
38.0 

3.8 
0.6 
2.5 
0.6 

32 

105 

The southwestern corner of the Hetta granite south of the river Käkkälöjoki, on 
the Inari- Utsjoki map sheet, is composed of migmatic granite and biotite gneiss 
that extend beyond the boundary of the map sheet to the areas of the Enontekiö and 

Sodankylä map sheets . 

The granite area east of Peltotunturi is largely occupied by migmatite in which 
pegmatitic coarse-grained granite bodies and vei ns dominate over gneis ses (mica 

gneisses , hornblende gneisses and amphibolites) or vice versa. In addition to potash 
felds par, plagioclase and quartz, the granite also contains small amounts of muscovite 

or biotite. 

The granites along the eastern margin of the Repojoki amphibolite zone are 
pinkish, slightly foliated or almost massive rocks with a fine grain size (0 = 0.2-
1 mm) and granular texture. Potash feldspar, plagioclase (An 10 - ZO) and quartz each 

occupy about one third of the rock volume. Opaques, zircon and biotite as weil as 

garnet and hornblende are the accessories. Aplitic granites similar to these are the 

pink granites in the southwestern marginal zone of the granulite complex (e.g. 
Lemmekäspalo), in the granu lite complex proper and at Utsjoki in the dome-shaped 
Kevo window surrounded by granulitic rocks. 

Stratigraphy and tectonics 

The tectonic structures of the West Inari schist zone are closely associated with 

those of the granulite complex, and hence their rocks showa similar foliation , gently 

dipping east- and northeastwards. The stratigraphie sequence of the supracrustal rocks 
is controlled by tectonic structures. 

Foliation and bedding 

The schists in the West Inari schist zone, such as sericite quartzites and green 
schists, are often moderately to distinctly foliated. The foliation is least marked in the 

141 28 24- 7 5 

-
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arkose gneisses north of Sänkivaara, where recrystallisation was accompanied by 

homogenisation. The granites at Maunuvaara and Hetta show faint foliation, although 

the former and the migmatic varieties of the Hetta granite tend to be gneissose and 

distinctly foliated. The ultrabasic rocks often display distinct foliation, whereas some 

peridotites and hypersthenites are massive. The foliation often coincides with the 

bedding, a feature that is most conspicuous in the amphibolites, hornblende gneis ses 

and occasionally in the arkose g neisses and quartzites. Some of the latter even exhibit 

small-scale graded bedding (Fig. 47). 

Stratigraphy 

The stratigraphic sequence of the supracrustal rocks in thc West Inari schist zo ne 
has been determined chiefly on the basis of the tectonic structures in this zone. The 

sequence of the members from oldest to yo ungest is: amphibolites, arkose gneisses 

and quartzites, mica gneisses and mica schists. The youngest members are quartzites , 

amphibolites, greens tones and green schists . The beds of mica gneisses and schists 

tend to be thin and probably also incoherent. The supracrustal rocks between the 

large quartzite and amphibolite zones are composed chiefly of random intercalations 

of amphibolites, hornblende gneisses, quartz-feldspar gneisses and arkose g neisses 

with some locallayers of quartzite and cale-silicate gneiss. 

The supracrustal rocks in the West Inari schist zone are probably Prekarelian. This 

has been established by the fact that a 2 m thick albite rock (albite diabase) cross

cutting the quartzite at Karasjoki, some 5 km west of the granulite complex, has a 

zircon date of about 2700 Ma. 

Folding 

Tbe foliation and bedding in the supracrustal rocks of the West Inari schist zone 

almost invariably dip gently 10 to 40° to the east or northeas t. From the eastern 

margin to the central parts of the schist zone the strike roughly conforms to the 

border of the granulite complex. There are some significant exceptions to this general 

trend, thougb, and in some places the strike is E - W. Both the strike and tbe 

dip of schistosity and bedding as weil as the lineation suggest that plates of arkose 

gneiss were thrust over the quartzites and amphibolites on its western border. How

ever, the lack of observations on the facing of the beds has made it impossible to 

conclude whether the foldin g was isoclinal over the whole area of the schist zone, or 

what more probable, was it restricted to certain narrow synclinal zones. This latter 

possibility implies that the stratigraphic sequence of the schists (e.g. arkose gneisses) 

remained unchanged and that strong folding took place only in some narrow zones 

when the plates tilted and were thrust over each other along the thrust faults dipping 

in the same direction. Ultrabasic rocks often occur in these thrust zones. The West 

Inari schists were probably originall y folded into gentle synclines and anticlines 
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simultaneously with the oldest Prekarelian foldin g of the granulite complex 
(amphibolite facies) . The general trend of the foliation of this deformation phase is 
roughly N or NE. When the rocks of the granu lite complex were deformed and 
metamorphosed during the Karelian orogeny, a new lineament trending NW was 

imprinted into the West Inari schists . This lineament developed largely as a conse 

quence of the thrust of the g ranulite complex towards the southwest and south and 
also because of the uplift of the Pokka area (granites and granitic gneisses, E. Mikkola 

1941) south of Repoj oki contemporaneously with the folding of the schists in the 
Kittilä- Sodankylä area. 

RADIOMETRIe AGE D E TERMI A TIONS 

The chronostrati graphical deductions are based on 138 U,Th-Pb analyses of 
zircon, monazite or titanite, 68 common lead ages of w hole rock or potash feldspar 

and 76 Rb-Sr whole rock or mineral ages. The localities of all the r ocks and minerals 

dated by the U,Th-Pb and Rb-Sr method are shown on the map in Fig. 49. Analytical 
data and further discussion of geochronology will be given in another context. The 
isotope analyses were done at the Geological Survey of Finl and by Olavi K ouvo and 

Matti Sakko (U, Th-Pb and common lead ages and Rb-Sr ages on Vainospää and 

Nattanen g ranites) and by Brian Gulson (Rb-Sr analyses on sampIes from granulite 

and from the granite gneiss complex). 

The granite gneiss complex 

Four age groups have been established for the infracrustal r ocks in the granite 

gneiss complex (1, 2) and the Kuorboaivi (3) and the Apukasjärvi and Vätsäri (4) 
schist zo nes (age in Ma): 

Common lead Rb -Sr U,Th-Pb 
whole rock fcldsp~r whoIc rock m ineral s zircon titanite 

2865 1 900 2730 ~1900 

2 2533 1900 2 430 1 850 2480 2000- 1900 
3 2093/2020 (WR + KF) 1 940 
4 1 735 (WR + KF) 1 755 1 760 1760 

The decay constants used for age calcu lations (except those referred from other publications) are: 

i '238 U = 0.1 55125 X 10- 9a- 1 

i'23 5 U = 0.984850 X 10-9a- 1 

i'232 U = 0.049475 X 10- 9a- 1 

i'87 Rb = 1.43 X 10- 11 a - [ 

The last two age g roups are the infracrustal rocks in the Apukasjärvi, Vätsäri and 
Kuorboaivi schist zones and they will be discussed in the next chapter. 

The 2865 Ma w hole rock common lead g roup includes onl y two infracrustal 

rocks of the granite gneiss complex (Fig. 50). They represent the oldest bedrock in 
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I GRANULITE COMPLEX LOI n-m GRANITE GNEISS COMPLEX 
Jll-::l[ KUORBOAIVI SCHIST ZONE 

:l1I VAINOSPÄÄ GRANITE 
l[ (0.2048) (2865) 

m NATTANEN GRANITES 
0.1745 2602 

0.1675 2533 

0.1297 2093 
0 .1246 2020 
0.1062 1735 
0.1060 1730 

12.0 16.0 28.0 32.0 
206Pb/ 204 Pb 

Fig. 50. Summary diagram 0[207Pbj204Pb versus 20SPbj204 Pb for whole rock 
lead and least radiogenic K-feldspar lead isotope analyses from major rock 
units of the Inari- Utsjoki area. Solid lines have been drawn through the 
data points; the dashed !ines are extrapolations of these. The isochrons are 
defined by: I, 22 data-points; II, ( = zircon ages of 2 730 Ma), 2 points only; 
III, 13 points; IV (trondhjemites and granodiorites), 7 points; V (= varieties 
of gabbros (3 points); and the Vaskojoki anorthosite (7 points for which 

alone m = 0.1312 7 , T = 2115 Ma); VI, 6 points; and VII, 8 points. 

the area. The corresponding zircon age group is about 2 730 Ma. The inEracrustal 

rocks examined (Fig. 51: 167-Kuorpasaari, 227-Suovavaara) are in anticlines 

(antiEorms) that developed during the Eolding oE the Apukasjärvi, Vätsäri and Kuorbo 
aivi schist zones. The anticlines are dome-shaped and bordered in places by minor 

synclines oE the Apukasjärvi, Vätsäri and Kuorboaivi schist zones (axial depressions). 

In the immediate vicinity of the main parts oE the Apukasjärvi, Vätsäri and Kuorboaivi 

schist zones the anticlines contain somewhat younger infracrustal rocks, especially 

porphyroblastic potash granites. The zircon age group 2730 Ma also includes one 
cobble in conglomerate (175-Skoganvarre, Norway) and one basement gneiss (176-
Skoganvarre, Norway) north oE Karasjok. 

Most of the infracrustal rocks of the granite gneiss complex belong to the 2 500 Ma 

whole rock common lead age group. The corresponding zircon age group is also 

about 2 500 Ma and contains several quartz diorites and granodiorites (Fig, 51: 115-
Neiden, 212-Akulahti, 213-Kittilompolo, 270-Partakko) as weil as porphyroblastic 

potash granites (l13-Neiden, 207 -Roavvi Tievja, 226-Pirivaara). In addition, this 

group also includes one migmatic granite (272-Turvejärvi) near the quartz diorite oE 
Partakko and one porphyroblastic potash granite (215-Kairijoki) about 35 to 40 km 

south oE the granulite complex and some 50 km north of the village of Savukoski. The 
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Pig, 51. Summary plot of the zircon and titanite U-Pb ana lyscs showing 
the 2 730 Ma and 2450 Ma zircon chords and 1 900 Ma titanite age group 
(1, A215-Kairijoki; 2, A167-Kuorpasaari: m, magnetic fraction; n, non
magnetic fraction; 3, A226-Pirivaara; 4, A207-Roavvi Tievja; 5, A2l2-
Akula hti; 6, A272-Turvejärvi; 7, All5- eiden; 8, A270-Partakko), Zircon 
and titanite belong to the same sampies, + , + 200 mesh; - , - 200 mesh, 

Data for sampie A207-Roavvi Tievja ( x ) are also shown in Pig. 52. 

zircon age of the potash granite of Kairijoki is very discordant and hence it mayaIso 

belong to the zircon age group of 2 730 Ma. It is noteworthy that the titanite age of 
this granite is from 2500 to 2600 Ma, which indicates that the Kairijoki granite has 

survived the l11etamorphisms of Karelian orogeny. 

The quartz diorites and granodiorites of 2500 Ma zircon ages are weakly foliated 

and cannot be distinguished macro- or microscopically from the petrologically 

analogous infracrustal rocks of the 2730 Ma zircon age group, On the other hand, the 
porphyroblastic potash granites, in which the potash feldspar porphyroblasts have 
been developed metasol11atically in some places, form a distinct group. At Pirivaara 

(226), for instance, the quartz diorites or granodiorite grades into potash granite 
together with the development and gradual increase in the nUl11ber of potash feldspar 

porphyroblasts in it, These potash granites are Prekarelian, latekinematic infracrustal 

rocks, which, depending on their conditions of crystallisation, also metasomatically 

granitised their environment, Their minimum age is probably the same as that of the 
zircon fractions in the porphyroblastic potash granite of R oavvi Tievja (207), that is, 
2480 Ma (Fig, 52). The Pirivaara g ranite is clearly a litde older than that of Roavvi 

Tievja (Fig. 51). It should also be pointed out that on the basis of the Rb-Sr whole 
rock method the rocks of the 2 730 Ma and 2 500 Ma zircon age group show a scatter 
about a 2 500 Ma reference isochron (see Gulson 1969), 



0,6 

0,5 

=> 
OJ 
C'l 
N 

'-. 
.D 
Cl.. 
<D 
0 
N 

0,2 

0,1 

K. Meriläinen: Granulite complex 1D Finnish Lapland 111 

ROAVVI TIEVJA 
A207-GSF 66 

1985 
1900/x 8 

'O''?-
~ ,vi' 1 

(,0 / 2 

o~~ 3 c.; 4 

1000. /6 5 

7 

+ ZIRCON 

x TITANITE 

2 8 00...--

2480 ... ~· 

MAGN. D 51ZE U Th 
FRACTION(g cm ") FRACTION (u9 / 9) 

T(clear) ·41 .100 399 

2 NM ·41 ·270 511 

3 T T T 517 224 

4 T(cloudy) T .100 592 

5 M .41 -270 661 

6 NM 38-41 T 1305 

7 T 38-41 -270 1591 

8 sphene 327 8 .7 

3,0 5,0 
207 Pb / 23 5 U 

11,0 13,0 15,0 17,0 

Fig, 52, Concordia plot showing the data-points of the U-Pb analyses of 
different zircon fractions from the Roavvi Tievja porphyroblastic potash 

granite, 

The rocks of the 2865 Ma whole rock common lead age group (= 2 730 Ma 

zircon age group) are possibl y only relicts that were best preserved during the Karelian 

metamorphisms. On the other hand, the Rb-Sr and common lead whole rock ages and 

zircon ages (about 2500 Ma) reveal either that the bedrock was rejuvenated: 

1) during the Karelian epoch analogously to the mantled domes in the Kuopio 

and Outokumpu area in eastern Finland (Kouvo 1958, Wetherill et al. 1962, Kouvo 

1964; Kouvo and Tilton 1966) or 

2) during the Prekarelian epoch when the dome-shaped structures and 

porphyroblastic potash granites in the granite gneiss complex were developed. 

The age of 2500 l\fa may re fleet the metamorphism or uplift that rook place 

during the development of the porphyroblastic potash granites. However, the Rb-Sr 

mineral ages together with the titanite ages and common lead potash feldspar secon

dary isochron ages suggest that the rocks of the granite gneiss complex were strongly 

remetamorphosed also during the Karelian epoch about 1 900 Ma ago (Figs. 50 and 

51). Furthermore, the least radiogenie lead measured to date in the Precambrian 

basement complex (granite gneiss complex) was extracted from potash felds pars of a 

porphyroblastic potash granite in Pirivaara and of two other granites ab out 10 km 

southeast of Pirivaara. 

The supracrustal rocks of the Björnevann formation (Northeast Norway) are 

Prekarelian. This can be inferred from the magnetite -banded iron ore characteristic of 

this form ltion, which, according to Viggo H . Wiik (1966), occurs as relicts in grano

diorite whose zircon, common lead and Rb-Sr whole rock ages are about 2500 Ma 

(Fig. 50 and 51; 113-Neiden, 115-Neiden). 
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The Apukasj ärvi, Vätsäri and Kuorboaivi schist zones 

The Apukasjärvi and Vätsäri schist zones are comparable with the Björnevann 

formation as suggested by the radiometrie ages and magnetite -banded quartzites. A 

direct indication of the age of the supracrustal rocks in the Apukasjärvi and Vätsäri 
schist zones is provided by the mica g neiss at their eastern margin, which has altered 

into augen gneiss owing to the formation of locally abundant potash feldspar porphy
robIasts. Similar augen gneisses are found in the environment of the porphyroblastic 

potash granite of Pirivaara whose zircon age is about 2500 Ma. Observations on 
outcrops indicate that the potash feldspar porphyroblasts in mica gneisses grow 
simultaneously with the emplacement of the Pirivaara granite. The supracrustal rocks 

of the Apukasjärvi and Vätsäri schist zones are thus older than 2 500 Ma and therefore 
Prekarelian in age. The supracrustal rocks of the Kuorboaivi schist zone are similar to 

the former except that the magnetite-banded quartzites are either absent or have not 

been revealed owing to the scarcity of outcrops. 
The infracrustal rocks of the Apukasjärvi, Vätsäri and Kuorboaivi schist zones 

form two distinct age groups: 

Common lead 
who lc rock 

1 2093/2020 (WR + KF) 
2 1 735 (WR + KF) 

feld spar 
Rb-Sr 

w hole rock 

1755 

minerals zircon 

1940 
1 760 

U,Th-Pb 
titanite 

1 760 

The 2 093/2 020 Ma whole rock common lead isochrons (Fig. 50) include rocks 

c1assified as early Karelian and Karelian synkinematic infracrustal rocks on the basis 

of field observations. Of the latter, the quartz diorites and gran odiorites (Fig. 53: 
116-Sirma, 208-a little hili about 4 km SSE of Akshunjunni, 209 -Keinodakoaivi, 458-

Mieraslompolo, 459-Vetsikko, 463-Kuktsvaara and trondhjemitic granites 112-
Keniskoski, 211-Nuottalvaara) that concordantly intrude the supracrustal rocks of 

the Kuorboaivi schist zone have been assigned ages of at least 1 940 Ma by the zircon 

method. D etailed examination showed that the zircon of the Kuktsvaara quartz 

diorite (463) in the large gabbro massif of Petsikkovaara is about 1 950 Ma (Fig. 54). 
This may imply that the anorthosites, serpentinites, peridotites, gabbros and quartz 

diorites associated with them are truly early Karelian. They were intruded into rupture 

zones between tectonic blocks in the granite gneiss complex and regenerated with 

some (Prekarelian) trondhjemites and oligoclase granites (Fig. 53, sampIes 112, 211) 
during the main and late Karelian metamorphism as were the rocks in the mantled 
domes. 

The postkinematic granites of Vainospää and Päkkevaara constitute the 1 735 Ma 

whole rock common lead isochron (Fig. 50) . Dating by the Rb-Sr whole rock method 
assigns them the same age as their zircons and titanites (Fig. 53, sampIes 168, 169,210). 
The Vainospää granite (including Päkkevaara) developed in an anticlinorium block 
of a weathering mountain range uplifted relative to its environment. Its development 

is presumably associated with the geological history of the nearby Petsamo (Petshenga) 

formation. 
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Fig. 53. Concordia diagram for U-Pb analyses of zircons and titanites 
from Vainospää granite and from the infracrustal rocks in Kuorboaivi 
schist zone. -L -+ 200 mesh; - , - 200 mesh. Data for sampie A463-

Kuktshvaara are shown in Fig. 54. 
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tion, 3.8 < d < 4.1; b, lig ht fraction, 3.6 < d < 3.8); 6" A224 - Maunu-

vaara quartz dio rite; and \J , A184-Hetta granite. 

The granulite complex 

The rücks üf the granulite cümplex were derived mainly fram varialls Prekarelian 

supracrllstal and infracrustal racks. Whale rock cümman lead investigatians indicate 

that they might luve been metamarphased ür uplifted abüut 2500 l\fa aga tügether 

with the rücks üf the granite gneiss camplex and the Apllkasjärvi, Vätsäri, Kuürbaaivi 

and West Inari schist zanes presumably under the canditians üf the amphibalite facies 

(Fig. 50) . Same zircan ages also. suggest that the üldest rücks af the granulite camplex 

are Prekarelian: e.g . the zircans üf a pütash granite üccurring cüncürdantly with the 

supracrustal rücks üf the süuthwestern marginal züne af the granulite cümplex are c. 

2360 Ma üld (Fig. 55: 504-Lemmekäspalü) and the ülder zircün phase üf the garnet

biütite quartz diürite af Myösäjärvi (Figs. 55 and 59: 269 -Myösäjärvi) is c. 1 980 Ma 

üld. 

Even during the mapping üf the g ranulite cümplex it was assllmed that the rücks 

üf the sedimentary grollp (fine-grained garnet-quartz-feldspar gneisses, garnet-biütite 

g neisses and garnet-biütite-plagiüclase gneisses) are probably Karelian in ürigin. 

This üpiniün was based ün the well-preserved structures they exhibit and an their 

chemical cümpasitiüns, especially thüse üf the fine-grained garnet-quartz-feldspar 

gneisses, which differ markedly früm üther supracrustal rocks üf the area in this 

respect. The garnet gneisses üf the sedimentary grüup, hüwever, cünstitute ünly a 
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A214 A599 .4.2 T 390 

5.5 60 207Pb / 235U 7.0 75 

Fig. 56. Concordia di ag ram for U-Pb ratios of zircons and mo nazites from 
garnet-co rdierite g neisses (open) and fine-grained garnet -quartz-fe ldspar 
gneisses (full circles and squares). 01, magnetic fraction; n, nonmagncric 
fraction. A318-Könkäänjärvi: a, dark, sho rt prisms; b, long, lig ht colourcd 
prisms; c, tOta l fraction 100- 150 mesh; d, tOta l fraction - 150 mesh. 

small part of the whole area of th e g ranulite complex, the bulk being garnet-cordierite

g neisses and coarse-grained garnet-quartz-feldspar g neisses evidently of Prekarelian 

source . 

Rb-Sr data for all the garnet g neisses (34 sampIes) indicate an age of about 2 015 

Ma. The subdivision of the sampIes into 1) garnet -cordierite g neis ses and 2) Ene

grai ned garnet-quartz-feldspar g neisses is supported b y the isotOpe data, and the ages 

obtained are (1) 2 200 Ma and (2) 1 900 Ma (Gulson 1969; 2 155 Ma and 1 836 Ma if 

J. = 1.43 X 10- lia- 1 used). The g ranulitisatio n or the uplift of the granulite complex 

probably took pI ace c. 2 150 ia ago and the diaphthoretic m etamorphism c. 1 900 Ma 

ago. The Ene-grained garnet-quan z-feldspar gneisses as weil as the other garnet 

g neisses of the sedimentary group are the rocks that were best preserved during the 

diaphthoretic metamorphism. Consequently the c. 2140 Ma old zircons (Fig. 56: 214-

Pau kkula, 599-Roavvioaivi) tha t recrystallised during th e g ranulitisation have als o 

been preserved in th e Ene-grained garnet-quartz-feldspar gneisses. The zircons in the 

garnet-cordierite gneiss of Tärmänen (268 c) are of about the same age, but in 

contrast to the typical garnet-cordierite g neisses, this variety also exhibits the relict 

banding characteristic of Ene-grained garnet-quartz-feldspar g neisses. Nevertheless, 

the zirco ns of the garnet-cordierite gneisses are usuall y approxima tel y 2000 to 2 040 

Ma old (Fig. 56: 276-Viekkala, 317 -Kiellajoki, 318-Känkäänjärvi . The sampIe fr om 

Känkäänjärvi contains some different varieties of zircons.) The same age group als o 

includes the o lder zircon phase in the ga rnet-biotite quartz diorite of M yäsäjärvi 

16 12824- 75 
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(Figs. 55 and 59, sample 269), and the zircons of the garnetiferous porphyritic potash 

granite of Koppelo (Fig. 56, sample 171). The zircon age group of 2000 to 2 040 Ma 

does not indicate any definite deformation phase of the granulite complex because its 

zircons are diaphthoretically altered. 

Diaphthoretic metamorphism took place under the conditions of low-grade 

granulite facies and high-grade amphibolite facies without any significant intergranular 

movements (stress) during the recrystallisation phase. This is demonstrated by the 

fact that the cordierite and potash feldspar of garnet-cordierite gneisses and coarse 
grained garnet-guartz -feldspar gneisses have often crystallised as porphyroblasts or 

at least as augen-shaped crystals markedly larger than the others. The low triclinicity 

of potash feldspar (LI = 0.0- 0.4) and the high distortion index of cordierite (0 = 
0.26- 0.39) also seem to reflect the conditions of crystallisation. 

The ages of the monazites (c. 1 900 Ma) in the garnet-cordierite gneisses (Fig. 

56: 268 c-Törmänen, 276-Viekkala, 317-Kiellajoki, 318-Könkäänjärvi), in the 

o-arnetiferous porphyritic potash granite of Koppelo (171) and in the fine-grained 

garnet-guartz-feldspar gneiss of Paukkula (214) and especially the ages of the zircons 

and monazites in the anatectic dykes (Fig. 57: 166-Pääsaaret, 268 e-Törmänen, 316 -

Korppikuru, 419-Solojärvi), in the dykes crosscutting the garnet-cordierite gneiss of 

Mutusjärvi (Fig. 58 : samples 455, 456 and 457) as well as the youngest zircon fraction 

in the garnet-biotite guartz diorite of Myösäjärvi (Fig. 59: 269) indicate emphatically 

that the diaphthoretic metamorphism took place about 1 900 Ma ago. This episode is 

also limited by the emplacement of the postgranulitic scapolite quartz diorite of 

Vuoskuljärvi (Fig. 59: 462) c. 1 900 Ma ago (the age of zircon). 

The infracrustal rocks (diorites, guartz gabbros, guartz diorites) of the granulite 

complex proper are mainly Prekarelian, their minimum age being about 2 600 ]'vIa by 

the whole rock common lead method. The metamorphic age for zircons from the 

infracrustal rocks, however, is about 1925 Ma (Fig. 60: 111-Akujärvi, 225-Pailo

vaara, 228-Karnasrattaoaivi, 241-Sotajoki). It is possible, of course, that during the 

early stages of the diaphthoretic metamorphism some guartz gabbros, diorites and 

guartz diorites intruded between tectonic blocks at the same time and in the same 

way as did the ultra basic rocks and gabbros in the granite gneiss complex and the 

Kuorboaivi schist zone, i.e. about 2050 Ma ago, as suggested by whole rock common 

lead datings (Fig. 50). Contemporaneously some guartz diorites and granodiorites 

emplaced into supracrustal rocks of the northeastern marginal zone of the granulite 

complex or regenerated during its deformation (Fig . 59: 39-Kenttäsaari, 117 -Syys

järvi). 

After the diaphthoretic phase and the emplacement of the postgranulitic scapolite 

guartz diorite ofVuoskuljärvi, the complex was intruded by the postorogenic Karelian 

granites of Nattanen and Juovutunturi (Juvoaivi), guartz-syenite porphyry dykes and 

olivine diabases. Their undeformed structures and common lead, Rb-Sr, zircon and 

titanite ages (about 1 730 Ma) show that the granulite complex had become almost 

perfectly stable before the intrusion of these rocks . 
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The West lnad schist zone 

The supracrustal rocks of West Inari schist zone are probably Prekarelian as 1S 

indicated by the zircons of the potash granite of Lemmekäspalo (c. 2360 Ma) and of 

an albite diabase (c. 2 700 Ma) near Karasjok, Norway. 

SUMMARY AND DISCUSSION 

The investigation area, which comprises the Inari-Utsjoki area on the general 

geological map, covers about 24 000 km2
. It consists of four sub-areas: 

1) the granite gneiss complex 
2) the Apukasjärvi (A), Vätsäri (V) and Kuorboaivi (K) schist zones 

3) the granulite complex and 
4) the West Inari schist zone 

The granite-gneiss comp/ex is monotonous, being composed mainly of g ranite 

gneisses, guartz diorites, granodiorites and granites, with minor guartz -fe ldspar 
gneisses, mica gneisses, hornblende gneisses and amphibolites. The supracrustal rocks, 

and often the infracrustal rocks as weil, are heterogeneous migmatites with streaks 

and schlieren and freguently exhibiting a characteristic veined gneissose habit. In 

many localities they are also intensely folded. The supra- and infracrustal rocks are 
cut by diabases and coarse, pegmatitic granite veins. 

The tectonic structures of the granite gneiss complex typically display dome

shaped forms , which are often delimited by zones of steeply dipping foliation. In some 

places, supracrustal rocks of the Apukasjärvi, Vätsäri and Kuorboaivi schist zones 
occur as minor synclines (axial depressions) between the dome-shaped anticlines or 
anticlinoriums. 

According to the whole rock common lead datings, the age of the o ldest 

infracrustal rocks in the granite gneiss complex is approximately 2865 Ma. Their 

zircons give slightly younger age, that is, about 2730 Ma. These rocks, however, are 
only relicts preserved in the cores of a few anticlines, most of the infracrustal rocks in 

the granite g neiss complex having been assigned an age of about 2 500 Ma by the 
whole rock common lead method and even their zircons are approximately 2 500 Ma 

old. These ages are further corroborated by the fact that the Rb-Sr whole rock 
isochron also indicates an age of c. 2 500 Ma. On the basis of these dates obtained by 

different methods, it is evident that the rocks of the g ranite g neiss complex were 
metamorphosed or uplifted some 2500 Ma ago. On the other hand, the common 
lead secondary isochron of the potash feldspars, the Rb -S r mineral isochron, as weil 

as the ages of the titanites all show that the rocks of the granite gneiss complex were 

intensively remetamorphosed also during the Karelian orogeny about 1 900 Ma ago. 
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Prekarelian rocks comparable with the granite gneiss complex of the area investi 

gated extend almost continously from the southern margin of the granulite complex 

to Ladoga in the south (see Mikkola 1941, Enkovaara, Härme and Väyrynen 1953, 

Matisto 1958, Nykänen 1971, Asa 1971, Laajoki 1972, Silvennoinen 1972). The rocks 

of these areas resemble each other not only in habit but also petrologically and in 

their radiometric ages. The infracrustal rocks in Kainuu and Savo-Karelia, however, 

which have been dated to about 2800 1\1a (zircon), appear to have withstood the 

influence of the Karelian orogeny better than have those in Inari and Utsjoki. ever

theless, the zircon ages of the domes in Savo and Karelia (2 300- 2 600 1\1a) indicate 

distinct rejuvenation of the bedrock (see Kouvo 1958, WestheriJl et al. 1962, Kouvo 
and Tilton 1966). 

TheAp!lka~järJ)i, Vätsdri alld Kliorboaivi schist ZOlles are synclines or synclinoriums 

between the dome-shaped anticlines or anticlinoriums of the granite gneiss complex. 

As a whole they are axial depressions similar to the minor synclines between the dome

shaped anticlines and anticlinoriums of the O'ranite gneiss complex; they differ, 

however, in their greater areal extent and the more gende dip of foliation. The 

dominant supracrustal rocks of the minor synclines are amphibolites and hornblende 

gneisses, locally also quartzites and calc-s ilicate gneisses. Besides these, the Apukas

järvi, Vätsäri and Kuorboaivi schist zones alco contain quartz- feldspar gneisses, mica 

gneisses and locally magnetite-banded, cherty quartzites. 

On the basis of their rock associations and syncline or synclinorium structures, the 

following stratigraphic sequence from oldest to youngest has been established for the 

supracrustal rocks of the Apukasjärvi and Vätsäri schist zones: 

1) quartzites and quartz-feldspar gneisses 

2) mica gneisses, or locally quartz-feldspar gneisses, mica gneisses, hornblende 

gneisses and amphibolites as randomly alternating beds and bands, mag netite 

banded quartzites and calc-silicate gneisses 

3) amphibolites, with some black schist in their upper part. 

The stratigraphic sequence of the supracrustal rocks in the Kuorboaivi schist zone 

JS probably analogous to the above. The Kuorboaivi schist zone, however, is so 

poorly exposed that information on its rock types is incomplete and magnetite 

banded quartzites, for example, have not been encountered. 

The supracrustal rocks of the Apukasjärvi, Vätsäri and Kuorboaivi schist zones 

are veined gneisses or are often cut by granite veins. Most of them, however, have 

been much better preserved from migmatization than have the corresponding rocks 

of the granite gneiss complex. The infra- and supracrustal rocks are locally also 

intruded by diabases. 

The supracrustal rocks contain concordant infracrustal rocks (anorthosites, 

peridotites, hornblendites, gabbros, quartz diorites and granodiorites and granites), 

which were emplaced or developed during the early Karelian orogeny. In some 
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places , the ultrabasic rosks and gabbros sharply cut the migmatic and veined granite 

gneisses of the granite gneiss complex. 
The schist zones of Apukasjärvi and Vätsäri are comparable with the Björnevann 

formation some 40 to 60 km to the east. In this formation the stratigraphic sequence 

for the supracrustal rocks from oldest to youngest is as foJlows (see Bugge 1960): 
1) conglomerates, 2) quartzites and mica schists, 3) quartz-banded iron ore, and 

4) biotite-hornblende gneisses (sediments and andesitic effusives). 
The most significant difference between the stratigraphic sequences of the 

supracrustal rocks in the Apukasjärvi, Vätsäri and Kuorboaivi schist zones and the 

Björnevann formation is perhaps the occurrence of conglomerates in the latter. These 

indicate that the Björnevann formation is younger than the oldest gneiss granites and 

granite gneisses in the area (granite gneiss complex). J. J. Sederholm (1932) con 

sidered them to be of Lapponian age, and thus deposited before the sediments of the 

Karelian cycle. Since then, however, the Lapponian has also been included in the 

Karelian formations (see Mikkola 1941, Simonen 1960 b, 1971). In the opinion of 

Jens A. Bugge (1960), the Björnevann formation dates from the early Karelian. 

In the present study the supracrustal rocks of the Björnevann formation and the 

Apukasjärvi, Vätsäri and Kuorboaivi schist zones are interpreted as Prekarelian 

owing to the presence, some 20 km west of the Björnevann formation, of quartz

banded iron ores as relicts in the c. 2 500 Ma old granodiorites and granites. 

The Björnevann formation and the Apukasjärvi, Vätsäri and Kuorboaivi schist 

zones are comparable with the schist zones of Kuhmo- Suomussalmi and Ilomantsi, 

which also contain magnetite-banded quartzites (see Väyrynen 1954, Simonen 1971). 
According to zircon dating, however, their infracrustal rocks are clearly older than 

those intruding the schists of the Björnevann formation, i.e. about 2 800 Ma. Of the 

rocks in Kola and Karelia, USSR, those of Kostamus, Imandra, Himola and Parandova 

with magnetite-banded ir on ores are the closest to the Björnevann formation (see 

Kratz, Surkin et af. 1971). 

Zircon ages and neId observations indicate that the Apukasjärvi, Vätsäri and 

Kuorboaivi schist zones were redeformed during the Karelian orogeny when they 

were subject to intrusions of infracrustal rocks: ultra basic rocks, gabbros, quartz

and granodiorites and granites. They form two distinct age groups: the older one is 

about 2 050 Ma by the whole rock common lead method and 1 950 Ma according to 

the zircons. The younger one is around 1 735 Ma according to the whole rock com

mon lead isochron, the Rb-Sr whole rock isochron and the zircon and titanite ages . In 

the light of field observations, the first group comprises rocks classified as early and 

synkinematic infracrustal rocks (anorthosites, peridotites, serpentinites, hornblendites, 

gabbros, diorites and quartz - and granodiorites). The second group consists of the 

postkinematic granite massif of Vainospää alone . A noteworthy fact is that, by the 
zircon method, the synkinematic infracrustal rocks are slightly older than the corre 

sponding rocks in the Svecokarelian area (1 900- 1 950, 1 870- 1 900 Ma respectively). 

Some granites of the 1 735 Ma zircon group are found also in South Finland. 
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Ultrabasic rocks and large gabbro massifs were erupted between the bl ocks of the 

granite gneiss complex and at some localities these zones still exhibit remnants of the 

supracrustal rocks of the Apukasjärvi Vätsäri and Kuorboaivi schist zones . The 

granite of Vainospää developed in an anticlinorium bl oc k that uplifted in a weathering 
mountain range. 

The supracrustal rocks of the [l:7est lnari schis! z one can be divided into three 

subzones on the basis of their main rock types: 

1) arkose -gneisses at the eastern margin of the schist zone, 

2) the Peltotunturi zone at the western margin of the schist zone, which borders 

on the Hetta g ranite and contains abundant quartzites, green schists and 

g reens tones, and 

3) the wide amphibolite zone between zones 1 and 2. 

The foliation and bedding of the supracrustal rocks invariably dips gentl y to the 

eas t or northeast (10- 40°). From the eastern margin to the central parts of the schist 

zone the foliation conforms roug hly to the westernboundary of the g ranulite complex. 

On the basis of the strike and dip of foliation, narrow synclines have been established 

that often contain ultrabasic infracrustal rocks in addition to amphibolites and green 

schists. Overthrusting has taken place in these zones along surfaces dipping about 60 
to 40° east-northeast. 

The stratigraphic sequence of the supracrustal rocks from oldest to yo ungest is 

probably as folIows: 

1) amphibolites, locally quartzites 

2) quartzites and arkose g neisses 

3) biotite gneis ses and schists. This group lS often thin and discontin o us ; it is 

occasionally replaced by thin and randomly alternating layers or bands of 

arkose g neiss, quartzite, amphibolite, hornblende g neiss , cale-silicate g neiss 

and biotite g neiss 

4) quartzites 1 
5) amphibolites and g reen schists J Peltotunturi zone 

The supracrustal rocks in the West Inari schist zone are probably Prekarelian, as is 

indicated by the quartzite at Karasjoki (Norway), about 5 km west of the g ranulite 

complex, which is cut by a 2 m wide albite rock vein (albite diabase) whose zircon agc 

is c. 2720 Ma. Similarly a Prekarelian zircon age, c. 2360 Ma, was obtained for the 

potash granite of Lemmekäspalo, in the southwestern marginal zone of the g ranulite 

complex. 
The supracrustal rocks in the West Inari schist zone were probably uplifted o r 

metamorphosed 2500 Ma ago simultaneously with the A pukasjärvi, Vätsäri and 

Kuorboaivi schist zones and the rocks of the granulite complex. The ge neral strike 0 f 

the foliation in the West Inari schist zone varies around N-S west and southwest of 

the g ranulite complex. Later, during the Karelian orogeny, the rocks ofthe West Tnari 
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schist zone were redeformed and a NW -trending lineament developed that is quite 
conspicuous in places. At the same time conformable ultra basic infracrustal rocks, 

serpentinites, pyroxenites, peridotites as weil as occasional granodiorites and quartz 

diorites and granites were emplaced into the fractures between the tectonic blocks. 

This episode is inclicated by tbe zircons of tbe Maunuvaara quartz diorite, about 1 910 
Ma, which belong to tbe same age group as the granodirites and quartz diorites of the 

Kuorboaivi schist zone. The zircon ages also show that still later the granite massif 

of Hetta (1 832 Ma) was emplaced on the western border of the West Inari schist zone. 

On geologie maps the wide zone of amphibolites, which are included in the 

supracrustal rocks of the West Inari schist zone, lies in direct connection with the 

greens tone area of Central Lapland. The zircon ages suggest that the dominant 

amphibolite zone in the West Inari schist zone is Prekarelian, whereas the albite 

diabases (Meriläinen 1961, Paakkola 1971) as weil as the greens tones oE Central 

Lapland are early Karelian as is indicated by the zircons oE albite diabases, which are 

about 2160 Ma old (Matti Sakko 1971). It is especially interesting that the main 

volcanic activity oE the Karelian orogeny, as shown by the ages oE the albite diabases, 

was synchronous with the granulitisation or upliEt oE the granulite complex. 

On the basis of the rock types, the gramtlite comp/ex can be divided into three parts: 

1) the granulite complex proper (i.e. the granulite complex on tbe geologie map), 

2) the northeastern marginal zone oE the granulite complex, 

3) the soutbwestern marginal zone of tbe granulite complex. 

The rocks oE the granulite complex proper clearly differ Erom those in its marginal 

zones. Tbis is partly due to the fact that tbe rocks oE the granulite complex proper 

underwent metamorpbism mainly under tbe conditions oE the granulite Eacies, whereas 

the rocks oE its marginal zones were metamorphosed under tbe conditions oE the 

amphibolite facies, but also partly because oE the dissimilarity between the metamor

phosed supracrustal rocks. 

The subareas of the granulite complex form a tee tonic entity whose rocks display 

Eoliation or relict bedding dipping gently (10- 40°) east and northeastwards. The dip 

grows steeper and in some places even ver ti ca I in the northeastern marginal zone of 

the complex, in the eastern parts of the granulite complex proper and in some narrQ\,v 

zones. The strike and dip of schistosity reveal tectonic macroblocks that have occa

sionally preserved their dome-shaped features. In the northeastern marginal zone the 

clip of schistosity gradually turns towards the west or southwest, with the result that 

(the area of) the northeastern marginal zone and its environment make up the core oE 
an extensive synclinorium (synEorm) that was formed during the granulitisation and 

later uplift oE the granulite complex. 

The stratigraphie sequence from oldest to youngest oE the supracrustal rocks in 

the northeastern marginal zone of the granulite complex was established on the basis 

oE tee tonic structures and rock associations and is as folIows: 

17 128 24-7 5 
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1) guartzites and quartz-fe ldspar gneisses 

2) interbedded guartz-feldspar gneisses, biotite gneisses, hornblende gneisses and 
amphibolites (sedimentary-vokanic group) 

3) biotite gneisses whose chemical composition corresponds to that of average 
shales and greywackes. 

North of Syysjärvi the supracrustal rocks characteristic of the northeastern margi 

nal zone join almost without a break to similar rocks of the Kuorboaivi schist zone. 

Thus, it may be presumed that the supracrustal rocks in the northeastern marginal 

zone of the granulite complex and in the Apukasjärvi, Vätsäri and Kuorboaivi schist 

zones are of the same age, i.e. Prekarelian. The guartzites in the northeastern marginal 

zone of the granulite complex show that the supracrustal rocks in the marginal zone 

were evidently deposited discordantly on the rocks of the granite g neiss complex. If 

true this same discordance seems to be even more pronounced in the cong lomerate 

underlying the Björnevann formation northeast of the investigation area. 

The stratigraphic seguence from oldest to youngest of the supracrustal rocks 

overlying the arkose gneisses in the southwestern marginal zone is probably as 

folIows: 

1) amphibolites 

2) guartz-feldspar gneisses, biotite gneisses, hornblende gneisses and amphibolites 

(sedimentary-vokanic group) with random intercalations. 

These are overlain by the fine-grained garnet-guartz-feldspar gneisses, garnet

biotite gneisses and garnet-biotite-plagioclase gneisses (sedimentary group) of the 

granulite complex proper. The sedimentary-vokanic groups in the southwest and 

northeast marginal zones are presumably deposits that correspond stratigraphically 

with each other. 

The rocks of the sedimentary group in the granulite complex proper occupy large 

areas in the western and southern parts of the complex, and are also locally abundant 

in its central and eastern parts. The bulk of the garnet gneisses of the complex, 

however, are coarse-grained garnet-guartz-feldspar gneisses and garnet-cordierite 

gneisses. On the basis of the garnet gneisses, the granulite complex proper can be 

divided roughly into two subareas: the eastern half with coarse-grained garnet

quartz-feldspar gneisses and garnet-cordierite gneisses, and the western half with 

fine-grained garnet-quartz-feldspar gneis ses, garnet-biotite gneisses and garnet

biotite-plagioclase gneisses (sedimentary group). 
The chemical composition of the fine -grained garnet-quartz-feldspar gneisses 

corresponds to that of average greywackes and subgreywackes. Macroscopically they 

are very similar to the granulites in Saxony, but, they never contain kyanite and are 

somewhat more coarse-grained than the Saxonian granulites. The average pyrope 

content of the garnet in the fine-grained garnet-guartz-feldspar gneis ses is distinctly 
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higher than is that of the pale Saxonian granulites. Banded structure is due to relic t 

bedding. Quartz is platy as is common with the quartz-feldspar rocks of the granulite 

facies. 
The chemical co mpositi ons of the garnet-biotite g neisses and garnet -bio tite 

plagioclase gneisses are close to those of average shales. They are rich in garnet and 

often in biotite as weil. The garnet-biotite g neisses with large garnet crystals resemble 

the khondalites in India. 
The coarse-grained garnet-quartz-feldspar g neisses and garnet-cordierite g neisses, 

which are conspicuously more coarse-grained than the fine-grained garnet-quartz

feldspar g neisses, exhibit schlieren or veined g neiss structures and weak to dis tinc t 

fo li ation . Their chemical composi tion corresponds to that of mica schists and 

kinzigites, although some of them at least are indisputably granulitised acid and 

i nter mediate r ocks of the g ranite g neiss complex. The coarse-grained garnet-quartz

feldspar g neisses and garnet-cordierite g neisses were obviously formed by metam or 

phism from the rocks of th e sedimentary group, sedimentary-volcanic g roup and 

g ranite g neiss complex. Consequently, it is seldom possible to propose an indisputable 

origi n for the various coarse-grained ga rnet gneisses . In some places in the eastern 

part of the complex coarse-grained garnet-quartz feldspa r g neisses are massive and 

resemble the garnetiferous migmatic g ranites . 

Accordin g to whole rock common lead dating the rocks of the g ranulite complex 

were uplifted or metamorphosed about 2 500 M a ago under the conditions of the 

amphibolite facies. 

The zi rcon , Rb-Sr whole rock and Rb-Sr mineral ages su ggest that the granulitisa

tion or the uplift of the granulite complex took place about 2 150 Ma ago. Soon after 

that, the diaphthoretic phase began, possibly accompanied by faulting and block 

m ovements. Whole r ock common lead dating indicates that, early Karelian infrac

rustal r ocks were simultaneously emplaced, about 2050 Ma ago, into the fractures 

opened in the granulite complex, the A pukasj ärvi, Vätsäri and Ku orboaivi schist 
zones and the West Inari schist zone. 

Accordin g to the zircon and monazite ages, the diaphthoretic phase ended abo ut 

1 900 Ma ago. This episode is a ls o delimited by the emplace ment of the Vuoskuljärvi 

post-granulitic scapolite quartz diorite c. 1 910 Ma ago. 

After the diaphthoretic phase the g ranulite complex was stabilised to such an 

extent that hardly any signs of movement are recognisable in the Nattanen and 

Ju ovutunturi (Juvoaivi) g ranites, the quartz syenite porph yry veins or in the olivine 

diabase veins that crosscut the garnet gneisses. Stabilisation is further indicated by 

their constant age 1 730 Ma obtained by different methods (wh oIe r ock common lead, 

zi rc on, titanite and Rb -Sr ages) . 

The g ranulite complex ex tends from F inland into the territories of Norway and 

the USSR. Soviet r esearchers have discussed the his tory of the rocks of the granulite 

complex in numerous studies . A. 1. Tugarinov, E . V. Bibikova and G. L. 
Goroshchen ko (1968) suggest that the granulitisation took place 1 950 ± 50 ago. 
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According to them, the zircon ages oE granulitised rocks always indicate the date oE 
granulitisation irrespective oE the origin oE the rocks. 

E. V. Bibikova, A. 1. Tugarinov, T. V. Gracheva and 1\L V. Konstantinova (1973) 

have advanced the opinion that the high temperature zircons are relatively stable in 

retrograde (diaphthoretic) metamorphism. In the rocks oE the granulite Eacies that 

have undergone diaphthoretic metamorphism the older zi rcons may retain as relicts 

the age oE the granulitisation. According to the same authors, the g ranulites in Lapland 

were Eormed 1 930 ± 60 Ma ago. 

The present study shows, however, that the zircons oE the garnet gneisses and 

especiaUy oE the fine -grained garnet-quartz-feldspar g neisses were crystallised during 

g ranulitisation, i.e. about 2150 Ma ago or the granulite complex uplifted at this time. 

The zircons oE the diaphthoretically m etamorphosed garnet-cordierite gneisses are 

younger and indicate an age of about 2000 to 2 040 Ma \\"hich, however, is not the 

age oE any episode. The monazites in the garnet -cordierite g neisses as weil as the 

zircons in the anatectic vei ns give an age of c. 1 900 Ma, which denotes the age of 

diaphthoretic metamorphism. The metamorphism of the ,,·hole g ranulite complex at 

high press ure and temperature (granulitisation or uplift and diaphthoreses) lasted for 

some 250 Ma at least. 
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