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K-Ar age detenninations have heen made on ophiolitic material from the Alta-Kvænangen window. 
Isotopic dilution was also necessary for the potassium measurements. Minimum ages of 1.4 to 1.5 b.y. 
have been found. These ophiolites have thus a Precambrian age. A formation age of 1.8 to 2.0 b.y. is also 
probable. 

U ne approche geochronometrique par la methode K-Ar a ete tentee sur les roches vertes de la fenetre 
tectonique d'Alta-Kvænangen en Norvege septentrionale. Ces roches ont livre des åges minimum 
compris entre 1400 et 1500 m.a. confirmant l'åge Precambrien de ces series ophiolitiques. On peut 
envisager un åge de formation de 1800-2000 m.a. 
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In the Caledonian nappe of Kalak, in northem 
Norway (Sturt et al. 1975), one can see a line of 
tectonic windows (Holtedahl 1918, 1960, Føyn 
1964, Reitan 1960, 1963, Roberts et al. 1974, 
Zwaan et al. 1973, Roberts 1974, Gautier 1977, 
Zwaan 1977). These windows show a Pre
cambrian basement, the Raipas Group (Reitan 
1960), overlain by autochthonous formations 
(Føyn 1964). The Precambrian basement occurs 
also to the east of the Caledonides (Holmsen et 
al. 1957). 

In spite of all these works, the Precambrian 
rocks of the Raipas Group (and correlated 
groups) are not very well known from the geo
chronological point of view apart from age de
terminations on basic rocks in east Finnmark 
(Beckinsdale et al. 1976). As far as we know, no 
radiometric age determination has been carried 
out on rocks of the Raipas Group. 

The mapping of one of the above-mentioned 
windows, the Alta-Kvænangen window (Zwaan 
et al. 1973, Gautier 1977), has been carried out 
by one of us during 4 summers from 1971 to 1975 
(Fig. l). Samples of pillow-lavas and meta
diabases have been collected for dating by 
radiometric methods. 

Geological setting 
The geol.ogical frame of the Alta-Kvænangen 
window is the following: 
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A Precambrian basement, the Raipas Group 
(Reitan 1960), with an overlying sedimentary 
Eocambrian cover, the Bossekop and Borras 
Groups (FØyn 1964), occurs in a window below 
the Caledonide nappes. 

The Raipas Group is at least 2000 to 2500 
meters thick and can be divided in two sub
groups: the Lower and Upper Raipas (Holtedahl 
et al. 1960). The Lower Raipas Group shows 
intrusive as well as ocean floor-type 
metavolcanic rocks of basaltic composition with 
a spilitic trend, as evident from our chemical 
analysis on De La Roche plots (De La Roche, in 
Amstutz 1974). They are interbedded with tuffs, 
pelites, and dolomites. Locally ultramafic bodies 
have been tectonically re-emplaced into this 
assemblage which is metamorphosed in the 
greenschist facies. 

The Upper Raipas Group consists of the 
Skoadduvarri sandstones and the Luovusvarri 
sandstones and dolomites (Gautier 1977). 

As fossils are absent, the stratigraphic and 
tectonic relations between the different forma
tions described have been established by using 
the way-up criteria of pillow lavas and of sedi
mentary structures such as ripple marks, graded 
bedding, etc. 

The tectonic style of Raipas Group within the 
window is characterized by larg� isoclinal folds 
and monoclines, the latter particularly in the 
western part. 

The Bossekop and Borras Groups of the over-
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Fig.J. Simplified geological map of the Alta-rl(vænangen Precambrian window (after Gautier 1973, 1977). 

lying cover sequence are composed mainly of 
quartzites, schists, and tillites (Føyn 1964, 
Zwaan et al. 1973, Roberts et al. 19'74, Zwaan 

1977). The Caledonide nappes of northem Nor
way rest upon this basement of the Raipas Group 
and its cover (Zwaan et al. 1973, Sturt et al. 
1975, Zwaan 1977). 

Types of rocks used for dating 

Radiometric dating by the potassium-argon 
method has been carried out on three main 
different types of igneous rocks from the Lower 
Raipas Group: pillow lavas, fine-grained 
metadiabases, and coarse-grained metadiabases. 
The age of a tuff sample has also been de
termined. 

The chemical composition of these rocks 
(main oxides) is given in Gautier 1977:95-97. 

Pillow lavas 

Field evidence shows bona tide pillow lavas 
which are not or only slightly deformed. Their 
typical texture is easily recognizable; a rim of 
chloritic material followed by a thin variolitic 
sheet and an important amygdaloidal zone of 

intersertal structure is typical. Plagioclase has an 
acicular habit and the matrix consists essentially 
of actinolite and chlorite. Chlorite is less 
abundant toward the centre of the pillows where 
epidote and leucoxene are also present. 

Metadiabases 

The structure of these rocks is ophitic or in
tersertal, but is usually obscured by the sec
ondary development of metamorphic minerals. 

The major mineral assemblages observed are 
the following: albite -augite - epidote -chlorite 
-leucoxene ± actinolite ± biotite. 
albite -uralite -leucoxene ± homblende. 
albite -actinolite -epidote -leucoxene ± chlo
rite. 

It is evident from petrographic studies that the 
fine-grained diabases were more affected by the 
metamorphism than the coarse-grained rocks. 
Primary minerals such as augite are found only 
in coarse-grained samples. 

Tuffs 

Tuffs having the same bulk composition as the 
diabases are common in the window. The se 
rocks have a relatively high specific gravity (2.86 
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to 2.94), too high for normal sediments, due to 
the abundance of volcanic material, but they 
show clearly cross bedding and other 
sedimentary features. 

Experimental procedures 

Potassium-argon method 

Potassium has been determined by flame photo
metry or by X-ray fluorescence spectrometry, 
whilst the argon content has been measured by 
isotopic dilution using an AEI MS 10 mass 
spectrometer. The 38 Ar spike is from 
Schumacher, Bern (purity 99. 99%). The decay 
constant used is .\ =5. 544 ·l0-10 • y-1• Analytical 
procedures as well as statistical data calculations 
are described in Delaloye et al. 1974. 

Potassium content of rocks with less than 
O. l% K20 has been measured by isotopic dilu
tion on a mass spectrometer. This procedure 
increases the accuracy so that the ages obtained 
on these rocks also have a significance. 

The spike used in this technique was prepared 
with enriched KCl (39K =61. 10%, 4°K =35.71%, 
41K = 3 . 18%) from Oak Ridge Laboratories. 100 
to 300 mg of rock were digested by l ml HC104 
conc. and 3 ml HF 40% hi a Teflon bomb during 
24 hours at llO"C. A known weight of spike was 
added before the acid attack. The ratio weight of 
sample versus weight of spike was calculated in 
order to have a ratio 4°K/41 K close to one on the 
mass spectrometer. 

The isotopic analysis was carried out on an 
Atlas-Bremen CH4 mass spectrometer. A 
tantalum thermo-ionisation filament was used. 
The isotopic ratios of K were measured for 6 
different temperatures of the filament. At each 
temperature 10 sweeps were registered. The 
acccuracy of the K content varies between 0. 3 
and 0. 6%. The blank of the overall procedure 
gives a K content of 0. 288 J.Lg. 

Rubidium-strontium method 

An assay has been made with this method on the 
same samples used for the K-Ar age determina
tions. The rubidium concentration was very low 
( < 2 ppm) on all measured samples from the 
area, whereas the strontium content was rela
tively high(> 100 ppm). This unfavourable ratio 
introduces an analytical error which is very 
large, so we cannot attribute very much signifi
cance to the calculated Rb-Sr ages. Thus no 
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discussion is made of this data. Should any 
worker be interested in the data, it is available 
from the authors. 

Discussion of the results 

The rocks of the Alta-Kvænangen window have 
low potassium concentrations which strongly 
limit the choice of the samples for K-Ar dating 
purposes (Table 1). It was also impossible to 
carry out mineral separations because of the 
ophitic texture in the unaltered rocks; in the 
altered rocks metamorphic minerals are en
closed within primary minerals. Consequently 
only whole-rock samples have been analysed. 

Pillow Javas 

Radiometric ages obtained for the Javas (Tab le l) 
are spread over a very large time period. The 
explanation has to be found in the various stages 
of alteration which must have caused possible 
loss of argon in variable amounts. The alteration 
of the rocks is seen under the microscope. The 
pillow lavas of the samples No. KA-820 to 
KA-823 are less altered than the others, and 
show the maximum apparent age for this group 
of rocks. 

Fine-grained metadiabases 

Except for the samples No. KA-579 (2509 m.y. ) 
and No. KA-748 (1947 m. y. ), the ages of the 
fine-grained metadiabases are grouped between 
640 and 840 m. y. It is possible that these 
diabases were rejuvenated by the loss of 
radiogenic argon under green schist facies 
metamorphic conditions, or later. It seems that 
this loss has been more or less homogeneous for 
most of the different outcrops of fine-grained 
diabases. Sample No. KA-579 seems to us to be 
without any statistical significance. Sample No. 
KA-748 comes from a typical columnar basalt 
flow from Middavarre (BØe & Gautier 1978). lts 
granulometry is intermediate between coarse 
and fine-grained diabase. The 1900 m. y. age 
obtained on this flow would fit hetter with the 
coarse-grained group, particularly No. KA-749. 

Coarse-grained metadiabases 

It seems clear, as shown by the petrographic 
observations, that the coarse-grained diabases 
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Table I. Potassium-argon data and age results 

No. 

Pillowlava 
KA-573 (ff 

576 (9) 

583 

820 (19) 
821 (20) 

822 (21) 

823 (23) 

Rock type/location 

EC 661595 

EC796581 

EC 797622 

rim } 
core EC 462531 

rim } 
core EC 342541 

Fine-grained metadiabases 
KA-560(5) EC 813598 

572 (Il) EC 708616 

575 (6) EC 778581 

579 (JO) EC712622 

580 EC 736690 

581 EC 791705 

744 (13) EC 435550 

748 (17) EC 461540 

Coarse-grained metadiabases 
KA-559 (l) EC 792600 

574 (3) EC 797647 

578 (4) EC776602 

582 EC 776605 

743 (12) EC401542 

745 (14) EC 342552 

747 (16) EC409581 

749 (18) EC 334602 

Tuff 
KA-746(15) EC 464533 

%K' 

O.o399 

0.0578 

0.1308 

0.0580 
0.0874 

0.2000 

0.1270 

0.14 

0.18 

0.69 

0.0690 

1.15 

0.5853 

0.3452 

0.0860 

0.56 

0.1059 

0.96 

0.2748 
0.3351 

0.1091 

0.5405 

0.1149 

0.1629 
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%Ar::!• Ar::!. Age (m.y.) 
moles/g 

64.1 o.50I . I o-•• 600± 80 

81.3 0.186 . JO-lO 172± 12 

87.9 0.259·10-· 872 ± 61 

77.8 0.183 -10-• 1257 ± 58 

85.0 0.214 ·IO-• 1043 ± 81 

90.6 0.470·10-· 1011 ± 38 

89.8 0.268 ·IO-• 930± 38 

89.9 0.196·10-· 641 ± 22 

92.8 0.320·10-· 801 ± 55 

95.2 0.115 ·IO-• 761 ± 78 

92.8 0.645 ·IO-• 2509± 128 

96.3 0.181 ·10-8 737 ± 33 

95.6 0.110·10-8 840± 38 

94.9 0.481·10-· 664 ± 23 

94.6 0.522·10-• 1947± 71 

97.0 0.917 ·IO-• 746± 77 

78.3 0.427 ·IO-• 1488± 170 

99.9 0.376·10-8 1457± 70 

88.2 0.106 ·IO-• 1444 ± 103 
84.0 0.114·10-· 1324± 141 

96.5 0.457 ·IO-• 1533 ± 52 

92.5 0.178 ·I0-8 1297± 44 

96.0 0.724 . JO-• 1990± 71 

93.6 0.444·10-· 1130± 40 

1 K values with 4 digits were determined by isotopic dilution and values with 2 digits by flame 
photometry. 
2 In brackets: key for chemical analyses in Gautier 1977:95-97. 

3 Columnar basalt of Middavarre. 

are less altered than the other rock types. They 
show a duster of ages between 1300 and 1500 
m.y. in spite of the fact that they have also 
undergone a certain metamorphism. As pointed 
out above, the age of about 1990 m.y. appears 
twice. This suggests that 2000 m.y. is the true 
age of these formations but we have no other 
evidence to verify this hypothesis, especially 
regarding a possible argon overpressure. 

Conclusions 

Field evidence shows that coarse-grained 
diabases are interbedded with pillow lavas, tuffs, 
and also fine-grained metadiabases. Conse
quently these rocks must have approximately 
the same age. From Table l, we ste that the 

coarse-grained diabases yield the oldest ages. A 
possible explanation of our results is that the 
pillow lavas and the fine-grained metadiabase 
ages were strongly rejuvenated by the green
schist facies metamorphism. The coarse-grained 
diabases in contrast, resisted hetter to the same 
metamorphism losing much less radiogenic ar
gon. The metamorphism of the Caledonian 
nappe sequences overlying the window had a 
rather small influence on the ages of the basic 
rocks of the window. The se rocks are 
metamorphosed in the green-schist facies only. 

In spite of the fact that these ages are dose to 
the ages determined in basic dykes of east Finn
mark (Beckinsdale et al. 1976), we hesitate to 
correlate them because of the somewhat differ
ent geological context. 

As a general condusion, it is possible to say 
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that the igneous rocks of the Alta-Kvænangen 
window have a minimum age of 1400 to 1 500 
m.y. so that they are probably of Middle Pro
terozoic age. A formation age of 18 00 to 2000 
m.y. according to some of our data is also 
probable. 
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