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Introduction 

The difficulties in unravelling the geological histories of orogenic regions 
are frequently so great that satisfactory results can only be obtained by 
applying a number of geochronological techniques in combination with 
known geological relationships. Such is the case for the regionally meta
morphosed rocks of the islands of Kristiansund in Nordmøre (west Norway), 
situated in the northem part of an extensive region of highly deformed and 

metamorphosed heterogeneous gneisses and schists which are overlain to 

the east by the Lower Palaeozoic eugeosynclinal succession of the Trond

heim basin (Hernes 1965) (Fig. 1). Whereas the sub-division of the gneisses 

and schists into Groups has provided a means of correlating rock types on a 

regional scale it is possible that the individual Groups have different original 

ages. Therefore, rather than attempting to analyse and relate samples from 

a number of Groups this study has concentrated on the investigation of the 
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Fig. l. Map of the southern half of Norway showing the distribution of the Basal 
gneisses and also a simplified geological map of the Kristiansund region showing 
sample locations. 

whole-rock Rb-Sr and zircon U-Ph age relationships of two adjacent Groups, 
the Kristiansund Group and the Frei Group (Hernes 1965). 

Tlie presence of metamorphosed basic dykes or sills and eclogitic and 
ultrabasic remnants, together with minor late pegmatites and granitic veins, 
in one or both of the two Groups provides a number of important time 
markers. The interpretation of the results of Rb-Sr investigation of some of 
these bodies, in conjunction with the resutts on the gneisses and schists, has 
revealed an igneous and metamorphic history beginning with a homogen
isation of strontium isotopes approximately 1700 m.y. ago and ending with 
the intrusion of minor pegmatites and granitic veins during Caledonian 
times. 

Geological setting 

The complex gneisses and schists of the Kristiansund region have been 
divided on lithological criteria into the northernmost Sandvik Group which 
tectonically overlays the Kristiansund Group which in turn tectonically 
overlays the Frei Group (Hernes 1967, Råheim 1968). No discordant rela

tionships have been found between the three Groups suggesting that the 
processes of formation of the original pre-gneissic sediments and volcanics 
was continuous. As samples for this study were taken from the Frei Group 

and the Kristiansund Group these units will be described in more detail. 
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The Frei Group metamorphic rocks have an outcrop cross section of 

approximately twenty-five kilometres. They are composed of micaceous 

migmatites, grey veined migmatites, augen gneisses and kyanite, amphibole 
and diopside-bearing schists and gneisses. Bands and lenses of garnet amphi
bolite and eclogite are common and some can be traced for up to three 

kilometres. Also evident are lenses and elongate hands of meta-peridotite, 

meta-pyroxenite and meta-dolerite. No discordant relationships have been 
observed in these rocks as all the bands, contacts and structural features, 

parallel the main north easterly trending foliation. The only discordant 

bodies present in the Frei Group are minor muscovite-bearing pegmatites. 
A narrow border zone, approximately two hundred metres wide, con

taining pelitic and granitic gneisses, amphibolites and quartz dioritic hands 

separates the Frei Group from the conformably overlying Kristiansund 
Group. A number of cross-cutting granitic dykes have been found in this 

zone. 

The Kristiansund Group has an outcrop cross-section of five to six kilo

metres and, like the Frei Group, persists at this apparent thickness for at 

least the forty-five kilometres along the strike mapped by one of the authors 

{A.R. ). The rocks of the Kristiansund Group are markedly different from 

the schists and gneisses of the Frei Group. The Kristiansund Group is 

composed of more homogeneous granitic to quartz monzonite red gneisses 
with minor amounts of grey gneisses. There are distinct zones of multiple 

amphibolite hands interlayered with variable quartz dioritic gneisses and 

there are also a number of concordant amphibolites. The only transgressive 

bodies are a series of muscovite-bearing pegmatites. 
The dominant fold phase, trending consistently in a north easterly direc

tion, has been called F1 by Råheim {1968). A later open falding (F2) with 

an axial plane strike of 130° has also been recognized. 

The region has been subjected to high-grade metamorphic conditions at 
the time of F1• There appears to be a decrease in metamorphic grade from 
the upper almandine amphibolite facies rocks of the Frei Group northwards 
through the Kristiansund Group to the middle to lower amphibolite rocks 
of the Sandvik Group. The later F2 falding was not accompanied by meta
morphism. 

Of fundamental importance to this investigation is the relationship of the 

gneisses to the overlying rocks of the Surnadalen syncline assigned to the 

Cambro-Silurian. Strand {1952) and later Hernes {1956) recognized con

cordant contact relationships between the gneisses (Hernes' Tingvoll Group) 

and the overlying micaschists of the Surnadalen syncline. This contact 

relationship appears to be valid on a regional scale according to the evidence 

of Oftedahl (1964) who found concordant relationships between the gneisses 
and Cambro-Silurian rocks at a number of localities in the Trondheim 

district. It must be pointed out, however, that Holmsen, in a discussion of 

this paper (Holmsen 1965), suggested that the concordant contacts could 

be the result of tectonism. Recently the area between Kristiansund and the 
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Surnadalen district, which contains the contact of the Basal gneisses and the 
Palaeozoic rocks has been mapped by orre of us (A.R.). In this area Hernes 

(1967) has drawn a conformable contact between the Røros Group of the 

Surnadalen syncline and the Tingvoll Group of the underlying gneisses, 
between the Surnadalsfjorden and the Hamnesfjorden. Råheim is in broad 

agreement with this conclusion finding that the amphibolites, gneisses and 

schists of the Tingvoll Group have a concordant relationship with the mica 
schists and amphibolites of the Røros Group and that there is no break in 

metamorphic grade at this point (see also Strand 1952). Within the rocks of 

the Surnadalen syncline there is possible metamorphic break between the 

Røros Group and the greenschists of the Støren Group. This would be 

significant if real, as it would suggest a time break between the Palaeozoic 

rocks and the underlying gneisses and schists. However the main evidence 

supports a continuous depositional history for the rocks of the region 

extending from the gneisses to the 'Cambro-Silurian' metasediments of the 
Surnaadlen syncline. This evidence suggests (l) an Eocambrian age of 

deposition for the parent rocks in the Kristiansund region, and (2) the main 

period of metamorphism in the region during the Caledonian orogeny. 

Sam p les 

The samples were collected during the summer of 1969. An extensive 
collection was made from the more homogeneous Kristiansund Group for 

Rb-Sr whole-rock analysis and two large samples were taken for zircon 

studies. A less extensive collection for Rb-Sr work was made from the Frei 
Group. Samples of transgressive muscovite pegmatite were taken from the 

Frei Group and the Kristiansund Group and samples of intrusive granite 
suitable for whole-rock Rb-Sr analysis were taken from the border zone 
between the Frei and Kristiansund Groups. Sample locations are marked 
on Fig. l. Thin sections and brief sample descriptions are available on 

request. 
Two 60 kg s·amples of granitic gneiss from a quarry in Kristiansund 

(RC 93) and the site of the new airport (RC 89) yielded 7 and 4 g of zircon, 

respectively. 
The similarity between the zircons from RC 89 and RC 93 is striking and 

suggests they were derived from similar source rocks. 

Zircons from RC 89 and RC 93 formed homogeneous populations of 

subhedral �awn coloured zircons. The zircon grains were blunted and 

highly fractured and contained stringers and clusters of minute bubbles, 

sometimes located along euhedral zones. Small shapeless translucent grains 

and delicate rod and needle-shaped crystals were also common inclusions. 
The populations also contain zircons with clear inclusion-free rims coating 

euhedral central cores which have heavy concentrations of bubbles and 

other inclusions. The similarity of the inclusions in zircons from both 

populations suggests that the zircons had a common origin. The presence 
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of euhedral cores containing randomly oriented delicate needle-like inclu

sions suggests an igneous rather than metamorphic origin for the zircons. 

Analytical procedures 

Whole-rock samples for Rb-Sr analysis were powdered in a 'Tema' mill 

using a closed corundum barrel. A preliminary sample selection was then 

made from the results of X-ray fluorescence analysis, performed at the 
Grant Institute of Geology, University of Edinburgh, to provide samples 

with a maximum spread of RbjSr ratios. The Rb-Sr and U-Pb analytical 

techniques used in this work follow those reported by van Breemen et al. 

(1971). 

Mass spectrometry was performed on an AEI-GEC MS 12 inch radius, 

90° sector, solid source mass spectrometer using a Cary 401 vibrating reed 

electrometer. Rb-Sr samples were measured directly with a Faraday cup 
whereas U-Pb measurements were made using a Daly Scintillation Detector. 

Strontium isotopic ratios were normalized to a Sr86jSr88 value of 0.1194. 

The average of normalized values of Sr87jSr86 for the Eimer and Amend 

SrCOa lot 492327 measured in this laboratory over the second half of 1970 
was 0.7085. Age calculations were made using a Rb87 decay constant of 
1.39 X 10-11 y-1. The dose comparison of U-Pb and Rb-Sr whole rock ages 

in other studies (Doe & Pearson 1969) support the adoption of this Rb87 
decay constant in this work. Rb-Sr isochron ages were calculated by the 

least squares method of Mclntyre et al. (1966). 

The recovered zircon populations were divided into fractions by sieving 

and magnetic separation and a preliminary determination of the uranium 

concentration was made. Samples were selected for isotopic analysis on the 

basis of their uranium concentrations in an effort to achieve a maximum 

spread in the degree of discordance of the U-Pb systems (Silver 1963). 
Isotopic ratios Pb207jPb200 and Pb20BJPb206 were measured to ± 0.2% and 
Pb206jPb204 ratios generally to within ± 0.5%. The isotopic composition of 
the common lead correction used in this work was determined from lead 
extracted from the reagents as Pb200jPb204 = 17.3, Pb207jPb204 = 15.3, 

Pb208jPb204 = 36.5. As the concentrations of common lead in the analyses 
were exceedingly small (Table 2 includes Pb200/Pb204 ratios) the uncertainty 
in the value used for the common lead correction does not influence the 

calculated ages. Calculation of U-Pb ages was made with a U238 decay 

constant of 1.537 X 10-10 y-1, a U235 decay constant of 9.72 X 10-10 

y-1 and a U23BjU235 ratio of 137.8. 

Analytical results 

Rb-Sr isotopic analysis 
The results of Rb-Sr isotopic analyses of whole-rock samples from acid 

gneisses from the Kristiansund Group, mica-feldspar schists from the Frei 
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Group, and late stage granitic dykes are recorded in Table l, together with 

isotopic analyses of muscovite and feldspar from transgressive pegmatites 

from the Kristiansund and Frei Groups. 
Six whole-rock samples were analysed from tJ:te acid gneisses of the 

Kristiansund Group. The samples bad a maximum Rb87 JSrfl6 ratio of only 

3.2 (Table 1), however, when plotted on an isochron plot (Fig. 2), the data

points fall on a single straight line defining an age of 1708 ± 60 m.y. (95% 
limits) and an initial Sr87JSr86 of 0.7038 ± 0.0018 (95% limit). The error 

analyses of the regression calculation indicates that the uncertainty in the 

age and initial Sr87jSr86 ratio can be attributed entirely to experimental error. 
The data-points of the four whole-rock Rb-Sr isotopic analyses from the 

Table 1. Rb-Sr results from whole-rock and mineral samples from Kristiansund. 

Sam p le Rb Total Sr RbB7/Sr86 SrB7/Sr86 • 

p pm ppm (Calculated) 

Kristiansund Group 
Whole-rock samples 

RC 95 215.5 194.7 3.228 0.7810 

RC 93 187.0 209.9 3.594 0.7660 

RC 286 192.8 211.4 2.655 0.7675 

RC 283 183.5 227.8 2.344 0.7609 

RC 85 126.4 419.7 0.8731 0.7247 

RC 86 117.8 653.1 0.5227 0.7163 

Frei Group 
Whole-rock samples 

RC 100 124.2 215.5 1.675 0.7459 

RC 101 154.8 168.8 2.668 0.7593 

RC 104 132.6 169.7 2.273 0.7606 

RC 105 160.0 253.5 1.835 0.7507 

Granite Dykes 
Whole-rock samples 

RC 65 
167.2 87.5 5.552 0.7463 

166.6 87.7 5.516 0.7466 

RC 66 186.5 89.7 6.04 0.7488 

RC 67 
214.8 85.0 7.345 0.7553 

213.7 86.0 7.231 0.7554 

RC 69 92.5 211.4 1.268 0.7185 

RC 70 189.2 98.9 5.250 0.7399 

RC 71 381.1 102.0 10.89 0.7700 

Transgressive mus-
covite pegmatites 

RC 62 Muscovite 1885 6.75 1430 8.567 

K-feldspar 1420 8.26 675 4.340 

RC 72 Muscovite 637 12.6 160 1.606 

K-feldspar 479 112 12.5 0.7844 

RC 81 Muscovite 573 13.4 133 1.453 

RC 81 Muscovite 492 14.9 101 1.271 

K-feldspar 314 196 4.64 0.7433 

• Sr87/Sr86 ratios were calculated from spiked (with Sr84 enriched Sr) runs. 
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Frei Group are also shown on Fig. 2. Whereas the data-point from sample 

RC 101 falls close to the isochron defined by the Kristiansund Group 

sample-points the other three data-points plot slightly above it suggesting 
that the initial Sr'l7 fSr86 ratio was not uniform throughout the Frei Group. 
However, the parallelism of the line drawn through sample points RC 100, 
104 and 105 and the 1708 m.y. isochron suggests that, in both Groups, the 
whole-rocks became closed Rb-Sr systems approximately 1700 m.y. ago 
and have not been isotopically disturbed to any significant degree since. 

The results of Rb-Sr isotopic analyses of six whole-rock samples from 
transgressive granitic dykes from the border zone between the Frei and 
Kristiansund Groups are also plotted on Fig. 2. The data-points do not have 
a simple distribution, though clearly they reflect ages which are significantly 
younger than that of the gneisses. Only by taking into account the location 
of the samples can the significance of the distribution of data-points on Fig. 

2 be determined. 
Samples RC 69, 70 and 71 were taken from three granite dykes, approx

imately one metre across and ten metres apart, in a quarry one kilometre 
along strike from the location of samples RC 65, 66 and 67 (Fig. 1) which 
were taken from two adjacent dykes. If it is assumed that the three dykes 
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Fig. 2. Rb-Sr isochron plot of the Kristiansund Group (circles) and Frei Group 
(crosses) whole-rock analyses and the whole-rock analyses of the transgressive granite 
dykes (squares). 
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Fig. 3. Rb-Sr isochron plot of the analytical results of muscovite (M) and potassium 
feldspar (KF) from the transgressive pegmatites. 

from the quarry were branches of a single intrusion and bad the same initial 
Sr87fSr86 ratio the linear distribution of data-points of RC 69, 70 and 71 
can be interpreted as the age of granite emplacement, estimated by eye as 
385 m.y. with an initial Sr87jSr86 ratio of 0.712. The data-points of samples 

RC 65, 66 and 67 plot above the 385 m.y. isochron suggesting that these 
samples are older or have incorporated additional radiogenic strontium 
either initially or later in their histories. The three data-points are not widely 
distributed on the isochron plot, having a total spread in Rb87jSr86 of 5.5 to 
7.2, nevertheless a line through the three points closely parallels the 385 
m.y. isochron. This suggests that the dykes from 1he two separate locations 
have essentially the same age of 385 m.y. but have different initial Sr87jSfl6 
ratios. 

The results of Rb-Sr isotopic analyses of four muscovites and three 
potassium feldspars from four samples of cross-cutting pegmatites (see Fig. 1 

for locations) are included in Table 1 and Fig. 3. The muscovite and feldspar 
points Iie on a single isochron with a calculated age of 393 ± 7 (95 % 
Iimits) m.y. and an initial Sr87jSfl6 of 0.715 ± 0.003 (95% limits). The quoted 
uncertainty varies slightly according to the regression model chosen to 
explain the small 'geological' component in the error. As the samples were 
taken from different pegmatite bodies a variation in the initial SrB7 jSfl6 ratios 

is likely. The RbB7jSf86 ratios are so high, however, that small variations in 
the initial ratio would not alter the age result. Because the analysed minerals 

from the four pegmatites from widely separated localities (Fig. 1) all have 
the same age it is our conclusion that 393 ± 7 m.y. represents the age of 
formation of the transgressive pegmatites. The consistency of the mineral 
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results also indicates that no isotopic 'event' of sufficient intensity to disturb 
the muscovite or K-feldspar Rb-Sr systems occurred after 393 m.y. 

Zircon U-Pb isotopic analyses 

The results of U-Pb isotopic analyses of three size fractions from each 
of the zircon populations from two samples of granitic gneiss (RC 89 and 
RC 93) from the Kristiansund Group are recorded in Table 2. Uranium 
concentrations of all analysed size fractions fall between 550-850 ppm and, 
from the isotopic compositions of the radiogenic lead, the thorium concen
trations of the two populations must be similar. Whereas within each 
population the discordance of the apparent ages increases with increasing 
uranium concentration and decreasing grain size, there is a marked differ
ence in the degrees of discordance between the two populations. To invest
igate the discordance relationships of the two populations the Pb206JU238, 
P1J207 JU'i!35 ratios of size fractions have been plotted on a concordia p lot 
(Fig. 4). At first inspection the data-points of all size fractions are ap
proximately linearly distributed, although more than 50 % discordant, 
intersecting the concordia at approximately 1600 m.y. and 400 m.y. The 
interpretation of the intersection ages relies at present on the choice between 
two models. However, as the discordant results cannot be fitted to the 
diffusion trajectories of Wasserburg (1963) the episodic disturbance model 
of Wetherill (1956) has been preferred in this work. Using this model the 
upper interseetion can be interpreted as the age of formation of the zircons, 
about 1660 m.y. ago and the lower intersection the age of a major distur
bance of their U-Pb isotopic systems about 400 m.y. ago. 

Table 2. Zircon U-Pb isotope analyses from the acid gneisses of the Kristiansund Group. 

Radiogenic Jead 
Atomic ratios 

Apparent ages • 

in atom percent in m.y. 
Pb u Pb206 

Zircon size fractions 
ftg/g ftg/g Pb204 Pb206 Pb207 Pb207 Pb206 Pb207 Pb207 

Pb206 Pb207 Pb208 
U238 U235 U238 Pb206 U'i!35 Pb206 

Granitic Gneiss 
RC 89 

-106 +84ft 63.0 628 739 85.12 6.447 8.431 0.0994 1.038 0.07574 616 732 1108 
- 61 +45ft 63.6 654 1750 84.71 6.319 8.975 0.0959 0.986 0.07460 596 706 1077 
- 45 p, 57.3 650 1061 84.89 6.048 9.060 0.0871 0.856 0.07124 544 636 982 

Granitic Gneiss 
RC 93 

+106 p, 84.4 562 836 82.02 7.213 10.76 0.1431 1.736 0.08794 870 1035 1404 
- 61 +45ft 100.3 778 1543 83.68 7.057 9.258 0.1254 1.458 0.08433 768 925 1323 
- 45 101.3 848 1123 84.56 6.995 8.449 0.1174 1.339 0.08272 722 874 1285 

U235 
• Calculated with the following constants 

U238 
= 1/137.8, J. U238 = 1.537 X 10-10 y--1, 

l U235 = 9.72 X 1o-1o y-1. 
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Fig. 4. Concordia plot showing U-Pb analyses of zircons from two samples of gneiss 
from the Kristiansund Group (RC 89 marked by circles and RC 93 by squares). Error 
boxes in the inset, which shows the relation of data-points to an enlarged section of 
the concordia, were calculated with a Pb207 fPb206 of± 0.3% and Pb206/U238 and 
Pb207/U235 of± 0.6 %. 

It can be seen from the inset in Fig. 4 that each population actually 
defines a separate chord intersecting the concordia at approximately 380 
m.y. and 1550 m.y. (RC 89) and 380 'and 1660 m.y. (RC 93). This cannot 
be satisfactorily explained in terms of experimental error. Whether it 
indicates the inheritance of old radiogenic lead in zircons from RC 93 or 
loss of Iead from zircons from RC 89 at some time between 1660 and 380 
m.y., or is a reflection of other factors, can only be partially resolved at 
present and must await further work for a complete explanation. 

Discussion of results 

The age relationships of the basal gneisses at Kristiansund 

Befare it is possible to examine the consequences of the Rb-Sr whole-rock 
age of 1708 ± 60 m.y. for the Kristiansund Group the geological meaning 
of the isochron must be established. Most important in this regard is the 
metamorphic history of the Kristiansund region. 

The intensity of the metamorphism of the basal gneisses has been discus
sed by a number of authors. In the Grotli area Strand (1969) found that the 
'Eocambrian rocks' reached almandine amphibolite grade. O'Hara & Mercy 

(1963) recorded amphibolite facies mineral assemblages from all the gneisses 

at Tafjorden including their Series 4 which has been related to the Tingvoll 
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Group in the Tingvoll-Surnadalen area near Kristiansund (Hernes 1967, 

1970). The description of the gneisses below and at the contact of the 
Surnadalen syncline by Strand (1952) and Hernes (1956) indicates an 
almandine amphibolite facies metamorphic grade and Råheim (1970) sug
gested a temperature of 700 ± 20°C and a pressure of 10 ± l Kbars for the 
amphibolite grade metamorphism of the Frei Group. From this it is evident 
that the metamorphic grade of the gneisses in the Kristiansund region 
reached ai least almandine amphibolite facies and the effect of this on the 
Rb-Sr whole-rock systems and the U-Pb systems in zircons is fundamental 
to the interpretation of the age results. 

The Rb-Sr isotopic relationships in the regionally metamorphosed rocks 
near Cooma, New South Wales, Australia (Pidgeon & Compston 1965) 
indicated that the Rb-Sr whole-rock systems underwent complete isotopic 
rehomogenization at or before the cordierite-orthoclase metamorphic zone. 
The temperature-water pressure conditions at the onset of this metamorphic 
grade are thought to be in the order of 600°C at 2 Kbars (Winkler 1967). 

As the conditions of metamorphism in the Kristiansund gneisses were at 
least as intense as these it is our conclusion that the Rb-Sr isochron age 
reflects a widescale rehomogenization of strontium isotopes during the 
amphibolite grade metamorphism. The agreement, within the uncertainty, of 
the Rb-Sr whole-rock data-points from the Frei Group with the Kristiansund 
Group isochron age supports the conclusion of a widescale rehomogenization 
of strontium isotopes although differences between the initial Sr87jSr86 ratios 
of the two Groups indicates that homogenization of strontium isotopes 
throughout the region was not complete. 

The possibility that the isochron age was influenced by an event later than 
the amphibolite grade metamorphism must be considered. Retrogressive 
effects in the Kristiansund Group are minor. However, Lanphere et al. 
(1964) suggest that a partial disturbance of the Rb-Sr whole-rock system is 
possible without any mineralogical indication. In the present samples there 
is no geological or isotopic evidence to suggest that a complete re-equilibra
tion of strontium isotopes took place after the amphibolite grade meta
morphism. Most of the lightly retrogressed whole-rock samples of sillimanite 
and granitic gneiss from the Willyama Complex, New South Wales (Pidgeon 
1967) remained essentially closed systems to Rb and Sr migration, even 
though, like the Basal gneisses, biotite ages had been almost completely 
reset by a later event of sufficient intensity to form retrogressive mineral 
assemblages and to generate pegmatites. We conclude that the whole-rock 
Rb-Sr isochron of 1708 ± 60 m.y. from the Kristiansund gneisses defines 

the age of the amphibolite facies metamorphism, and is not influenced by 
younger or older events. 

The initial Sr87jSrfl6 ratio of 0.7038 ± 0.0018 is well within the range of 
continental volcanic rocks (Hedge & Walthall 1963) suggesting that the 
rocks of the Kristiansund Group did not have a long crustal history prior 
to 1700 m.y. 
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Morphological features suggest an igneous origin for the zircons from the 

Kristiansund Group. The chord through the data-points of the six size frac
tions intersects the concordia at approximately 1660 m.y. and 400 m.y. The 

lower intersection at 400 m.y. corresponds with the age of known events 
in the region, expressed in this study by the ages of transgressive granite 
dykes and pegmatites. The upper intersection age of approximately 1660 

m.y. is less well defined because of the long extrapolation of the chord. This 
could be interpreted as the age of crystallization of the zircons and would 
therefore provide a maximum age for the amphibolite grade metamorphism. 
This age is not significantly different from the whole rock age at the 95 % 
confidence level. However, since the two zircon suites define slightly different 
chords (Fig. 4) the explanation must be more complicated. Whereas the 
lower intersection remains at approximately 400 m.y. and is common to both 

suites two upper intersections of approximately 1550 m.y. and 1660 m.y. are 
defined. In the light of the interpretation of the Rb-Sr whole-rock age of 

1708 ± 60 m.y. as the age of the amphibolite grade metamorphism of the 
gneisses, and the suggested igneous origin of the zircons, a possible explan
ation for the two discordance trends involves a small disturbance of the 
zircon U-Pb isotopic systems at some time between 1700 and 400 m.y. Such 

a minor disturbance would necessarily have affected the isotopic relations 
of RC 89 to a greater extent than RC 93. A later more intense disturbance 
approximately 400 m.y. ago, also more effective in zircons from RC 89, 

could conceivably have led to the present discordance pattern, with a com
mon lower intersection age and two apparent upper intersection ages, without 

significantly disrupting the linear distribution of zircon data-points. 

It is our conclusion therefore that 1660 m.y. is a minimum age of form
ation of the zircons, and that the zircon U-Pb systems were slightly disturbed 
at some time between 1700 and 400 m.y. No immediate event between 1700 
and 400 m.y. has been detected in the present Rb-Sr investigation. 

The age of 1708 ± 60 m.y. for the amphibolite grade metamorphism is 
in conflict with the interpretation of Hernes (1965, 67) 1:hat the basal 
gneisses in the region are of Eocambrian age and that the major meta
morphism in the area was Caledonian. It is possible to reconcile the present 
result with a major Caledonian metamorphism in the region if a meta
morphic unconformity exists somewhere between the Kristiansund Group 
and the Surnadalen syncline. Extensive field work by orre of us (A.R.) in the 
area has not revealed any evidence for such a metamorphic unconformity 

beneath the Støren Group of the Surnadalen syncline. Therefore, unless 
tectonic movement has brought together old (1708 m.y.) gneisses and 
Eocambrian rocks of the same metamorphic grade, it is our conclusion that 

the amphibolite grade metamorphism of all gneisses beneath the Støren 
Group took place 1708 ± 60 m.y. ago. 

Brueckner et al. (1968) reported an isochron age of 1060 m.y. (1.39 X 
10-11 y-1 Rb87 decay constant) from seven whole-rock measurements on 

samples of gneiss from <the Tafjorden area in the basal gneisses about 110 
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kilometres south of Kristiansund. These authors were able to reconcile their 
old age with the geological interpretation by postulating a major break in 
the basal gneisses between old (1000 m.y.) gneisses and younger ultramafic 
bearing (Eocambrian) gneisses. The Kristiansund region however is situated 
well within their zone of 'Eocambrian' rocks shown on Fig. 1 of Brueckner 
et al. (1968). This suggests that the criteria of Brueckn�r et al. for establish
ing major time break are not valid in the Kristiansund region. It also leaves 
open the general possibility that the boundary recorded by Brueckner et al. 
may not mark a fundamental time break in the gneisses. The age of 1060 ± 
160 m.y. from the Tafjorden area is, however, significantly different from 
the 1708 ± 60 m.y. reported in this work. This can be explained by postulat
ing a metamorphic or tectonic unconformity somewhere between Tafjorden 
and Kristiansund and assuming that the two ages record separate meta
morphic events. 

The age of the rocks on the westernmost margin of the Baltic Shield is 
important in regional problems of continental growth and in intercontinental 
correlations. The rocks of the western margin of central Norway have been 
assigned to the Eocambrian and Palaeozoic by Kratz et al. (1968) in a 
synthesis of the geochronology of the Precambrian of the Baltic Shield. This 
view can be modified in the light of the present work and the determination 
of an age of 1686 ± 70 m.y. (Heier, pers. com. 1971), from a four point Rb
Sr whole-rock isochron on gneisses surrounding the large eclogite body on 

Hareid approximately 120 km south of Kristiansund (Mysen & Heier 1971) 
and the results of Heier & Compston (1969) which demonstrated ages of at 
least 1700 m.y. for granites and gneisses from the Lofoten islands. The 
main isotopic event at 1708 ± 60 m.y. in the Kristiansund Group could 
possibly be related to the 1800 m.y. old event in the Lofoten rocks described 
by Heier & Compston (1969) as 'a very penetrative event which affected the 
earl y crust over most of the area'. Whereas such a correlation must remain 
speculative it can be concluded that, in three areas in central Norway, rocks 
on the westernmost margins of the Continent have ages of at least 1700 m.y. 

Rb-Sr isotopic evidence for a Caledonian event in the basal gneisses at 

Kristiansund 

A major problem arising from the recognition of 1708 ± 60 m.y. as the age 
of the amphibolite grade metamorphism in the Kristiansund area is the re
evaluation of the influence of the Caledonian metamorphism. 

Caledonian mineral ages from the basal gneisses have been reported by a 
number of authors. Three K-Ar age measurements from metamorphic micas 
(of 290, 405 and 425 m.y.) from a wide area of the ba&al gneisses were 

reported by Kulp & Neumann (1961). Brueckner et al. (1968) reported a 
single K-Ar age of 382 ± 12 m.y. from a biotite from a gneiss from the 
Tafjorden area and Strand (1969) reported ten K-Ar results from the Grotli 

area ranging from 380 to 463 m.y. McDougall & Green (1964) reported 
K-Ar ,ages on phlogopites and hornblendes from eclogites from the Basal 
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gneisses ranging from 950 to 1600 m.y. and ages of approximately 400 m.y. 

for micas from country rock gneisses and altered eclogites. 

These results show that the Basal gneisses were affected by a Caledonian 

event or events, though the nature of this event, be it a metamorphism or 

cooling of the rocks by uplift, has not been demonstrated. This is in accord 

with the general view amongst geologists that the Basal gneisses were 

affected by Caledonian folding and metamorphism (Gjelsvik 1953, Hernes 

1965, 1967, Strand 1969, Holterdahl 1960, Bryhni 1966) though these 

authors considered that the Caledonian metamorphism was the dominant 

event. 

In the present work it has been shown that a suite of unmetamorphosed 

muscovite-bearing pegmatites, intruding the Kristiansund Group and the 

Frei Group, have a muscovite-K-feldspar isochron age of 395 m.y. This 

pegmatite suite is the first reported igneous expression of the Caledonian 

metamorphism in the Basal gneisses. The high initial SrB7fSr86 ratio of 0.715 
suggests that the rock was derived from old gneisses, probably under more 

intense conditions deeper in the crust. 

The occurrence of minor granite dykes in the border zone between the 

Frei and Kristiansund Groups with ages in the order of 385 m.y., is another 

expression of Caledonian activity in the area. The two closely parallel three

point isochrons for each of the two granite sample-locations (Fig. 2) show 

that the initial Sr81fSr:86 ratios are consistent over a restricted area but are 

considerably different between the two areas investigated. The inhomogeneity 

of the strontium in the granite could be explained by the incorporation of 

large amounts of gneissic material in the granitic magma or by an origin for 

the granites from the old gneisses. The two initial Sr87{Sr86 ratio values for 

the granite isochrons are approximately O. 712 and O. 717. These approximate 

the value of 0.715 obtained for the pegmatite isochron and suggest a similar 

source for the strontium in these rocks. 

The lower intersection of the zircon chord and the concordia at 400 m.y. 
(Fig. 4) together with the Rb-Sr ages for the pegmatites and intrusive granites 

demonstrate a Caledonian influence in the region. The intensity of the Cale

donian event was sufficient to have almost completely reset the K-Ar ages 

in the Basal gneisses and also to have partially disturbed K-Ar ages from 

micas and amphiboles from eclogite bodies. The intensity was not sufficient, 

however, to open the whole-rock systems to rubidium and strontium isotopic 

migration. 

Conclusions 
The age of the amphibolite grade metamorphism of the Kristiansund Group 

of the Basal gneisses, defined by a six point Rb-Sr whole-rock isochron is 

1708 ± 60 m.y. Four whole-rock Rb-Sr analyses on schists from the adjacent 

Frei Group provide additional evidence for an age of metamorphism of 

approximately 1700 m.y. 
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The initial Sr87fSr86 ratio of the Kristiansund Group of 0.7038 ± 0.0018 

is within the range of continental volcanics and suggests that the Kristiansund 

Group rocks did not have a long crustal history prior to the amphibolite 

grade met·amorphism. 

Each zircon population from the two gneiss samples from the Kristiansund 

Group defines a separate chord with the same lower intersection at 400 m.y. 

but with slightly different slopes. This can be explained by a slight isotopic 

disturbance of the isotopic systems at some time between 400 m.y. and 

1700 m.y. and the combined U-Pb intersection age of approximately 1600 

m.y. is interpreted as a minimum age for the crystallization of zircons in the 

Kristiansund Group gneisses. 

Because no metamorphic unconformity has been located in the region it 

is concluded that the main metamorphism of all gneisses beneath the Støren 

group of the Sumadalen syncline took place 1700 m.y. ago. 

The Rb-Sr mineral ages of transgressive pegmatites and whole-rock ages 

of intrusive granite of approximately 395 m.y. are direct evidence for a 

Caledonian influence in the region. The intensity of the Caledonian event 

was sufficient to open the mineral K-Ar and Rb-Sr systems to isotopic 

migration and also to generate minor intrusives but was not sufficient to 

disturb the whole-rock Rb-Sr isotopic systems. 

The relatively high and variable initial ratios of the pegmatites and intro

sive granites are interpreted as evidence for an origin of these bodies from 

the Basal gneisses. 
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