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Some Precambrian Rb-Sr whole-rock isochrons from the Western Gneiss Region have been interpreted
as recording the age of the metamorphism, and some recent geologi c models have in turn considered the
Caledonian influence in the region to be relatively minor. However, data from the basement rocks of the
Alps clearly show that Rb-Sr whole-rock isochrons survived intense Alpine metamorphism and
deformation. Thus, the Precambrian dates from western Norway may record meaningful ages of the
Precambrian basement, even though the effects of the Caledonian orogenesis may have been
considerable.
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The conclusions that recumbently folded and
metamorphosed rocks of the Oppdal area repre
sent a Caledonian tectonostratigraphy (Krill
1980), and that Sm-Nd dates on eclogites indi
cate high-grade Caledonian metamorphism fol
lowed by deformation and retrogression (Griffin
& Brueckner 1980), support earlier geologic
models that the Western Gneiss Region is the
structural and metamorphic core of the
Scandinavian Caledonides. These conclusions
challenge recently suggested revisions that
would question or severely limit the degree of
Caledonian influence in the region (Krogh 1977,
Bryhni & Brastad 1980, Roberts & Stort 1980,
Oftedahll980). Such models, which suggest that
the main metamorphism and deformation of the
Western Gneiss Region was Precambrian, were
developed largely from interpretations of Rb-Sr
whole-rock dates as representing the age of the
last major metamorphic event (eg. Råheim 1977,
Skjerlie & Pringle 1978). These geochronologic
interpretations, however, are debatable. The
dates may instead record primary igneous/
metamorphic ages related to the original forma
tion of this segment of the continental crust. This
interpretation resolves the apparent 'Caledo
nian' vs. 'Precambrian' contradictions in the
geology of western Norway, and agrees hetter
with data from gneiss regions of other orogens,
where geochronologic interpretations are more
closely constrained by stratigraphic and fossil
evidence.
Within the Western Gneiss Region Rb-Sr
whole-rock isochrons of gneisses typically give
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Precambrian dates. Some investigators have in
terpreted such isochrons as recording the
magmatic or primary events (Priem et al. 1973,
Brueckner 1972, 1979, Abdei-Monem & Bryhni
1978, Lappin et al. 1979). Others have in
terpreted similar isochrons as recording
metamorphic or secondary events (Mysen &
Heier 1972, Pidgeon & Råheim 1972, Råheim
1977, Skjerlie & Pringle 1978, Råheim et al. 1979,
Solheim 1980).
These isochrons generally have low ( <. 706)
initial 87Sr/ 86Sr ratios. They can only be in
terpreted as giving metamorphic ages if: (a) the
metamorphism occurred within a relatively
short period (ca. 100 Ma?) after separation of
the rock from a 'mantle' source, or (b) selective
removal of radiogenic 87Sr from all analyzed
rocks occurred during the later metamorphism.
The first alternative implies that the isochron
date records some late stage in a crustal acretion
differentiation 'super-event' (Moorbath 1975).
The second requires a process that has been
suggested (Heier & Compston 1969) but never,
to our knowledge, clearly demonstrated.
Several recent interpretations of the Western
Gneiss Region suggest that the preservation of
Precambrian Rb-Sr whole-rock isochrons ex
cludes the possibility of major Caledonian
metamorphism of the dated rocks (Pidgeon &
Råheim 1972, Råheim 1977, Skjerlie & Pringle
1978, Råheim et al. 1979, Solheim 1980). These
interpretations rest largely on two assumptions:
(a) It is assumed that any strong deformation
and metamorphism would reset Rb-Sr whole-

·

84

Note

rock systems, so that the Precambrian isochrons
could not have survived a strong Caledonian
recrystallization. (b) Because of the lack of
obvious structural and metamorphic breaks
within the Western Gneiss Region, it is assumed
that only one orogeny was significant here.
Thus, following the first assumption, the
orogeny must be dated by the oldest preserved
isochrons in the region (Svecofennian) and
younger isochrons must record isotopic dis
turbance and resetting due to secondary events
of relative!y minor geologic significance.
A close look at geochronologic and geologic
studies of other orogens discredits these as
sumptions. The Alps are especially suited for
such a comparison and for understanding the
meaning of geochronologic data (cf. Jager 1977).
Many Rb-Sr studies have been made in the Alps
and, because of the young age of the Alpine
orogeny, absolute errors of isochrons are rela
tively small. Furthermore, abundant fossil evi
dence provides independent control on the age
interpretations. The degree of Alpine deforma
tion and metamorphism of the basement and
cover is well documented, and the influence of
the Alpine orogenesis on the Rb-Sr mineral and
whole-rock systems of basement rocks has been
studied in detail. The results from many studies
of basement rocks show that Rb-Sr whole-rock
systems remained closed despite deformation
and recrystallization, even in the staurolite,
kyanite, and sillimanite zones of regional
metamorphism (Jager 1970, 1977).
In the Pennine zone of the Alps, basement
rocks were strongly foliated, recumbently folded
with cover rocks, and strongly metamorphosed,
locally forming Alpine eclogites, yet Rb-Sr
whole-rock isochrons commonly yield meaning
ful pre-Alpine ages (e.g. Hunziker 1979, Jager
1970, Gulson 1973, Satir 1974). It is reasonable
to compare the Western Gneiss Region to the
Pennine Zone (Holtedahl 1938, Muret 1960), and
to interpret the Precambrian dates as meaningful
ages for the pre-Caledonian basement.
Isotopic disturbance of whole-rock specimens
is common in the Alps, and isolated cases of
completely reset or secondary whole-rock iso
chrons are known (Hanson et al. 1969, Hunziker
1970). As with secondary mineral isochrons, the
well documented secondary whole-rock iso
chrons are characterized by higher initial ratios.
Common models of isotopic behavior require
that secondary isochrons should indeed have
high initial ratios, since isotopic resetting in-
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volves homogenization of 87Sr/ 86Sr to the aver
age value for the reset system, and this average
value is necessarily higher than the initial value
(cf. Faure & Powell 1972).
In any case, the old isochrons cannot exclude
the possibility of a younger metamorphism in the
Western Gneiss Region. The resetting of whole
rock isochrons requires the movement and
homogenization of Sr isotopes on a scale equi
valent to the maximum distance between sam
ples. Evidence from other polymetamorphic
orogens demonstrates that this requirement is
seldom roet, especially in orthogneisses. The
consensus among geochronologists working in
such terrains is that extensive movement of a
fluid phase is necessary for the resetting ofRb-Sr
systems. Dehydration during the original igne
ous/metamorphic event would therefore greatly
reduce the likelihood of isotopic resetting of
whole-rock systems during subsequent events
(Jager 1979).
It is important to note that all known Rb-Sr
mineral dates from the Western Gneiss Region
(north of Sognefjorden) are 'Caledonian' (35�
500 Ma). These data have been widely disre
garded in the interpretation of whole-rock data,
on the assumption that mineral dates record only
weak reheating, rather than metamorphic re
crystallization. This asumption is based largely
on the relatively low 'blocking temperatures'
recorded in some mineral Rb-Sr systems (and
K-Ar systems) in studies of contact metamorph
ism. However, other arguments may be
advanced. (a) Muscovite 'blocking temperatures'
are as high as 500°C (Purdy & Jager 1976, Jager
1979), suggesting minimum temperatures on
this order throughout the Western Gneiss Region
in Caledonian time. (b) Regional metamorphism
to temperatures up to l 00°C above the assumed
'blocking temperature' rnay not reset Rb-Sr and
K-Ar systems in biotite and muscovite (cf.
Verschure et al. 1980, Chopin & Maluski 1980).
Recrystallization, rather than simply heating,
appears to be the critical factor. (c) Small, late
to post-tectonic granite or granite-pegmatite
dikes are common in the western parts of the
Gneiss Region, and give Caledonian (<400 Ma)
Rb-Sr whole-rock dates with high inital 87Srf!6Sr
(i.e.;;;:. .7 12) (Pidgeon & Råheim 1972, S. Hebekk,
pers. comm. 1981). The existence of these dikes
implies local anatexis of older rocks not far from.
the site of emplacement. These data thus suggest
that the Caledonian Rb-Sr mineral dates from
the Western Gneiss Region reflect high tempera-
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tures (> 600°C) and probably extensive re
crystallization during the Caledonian event.
The absence of obvious structural and meta
morphic breaks within the Western Gneiss Re
gion does not eliminate the possibility of both
Precambrian and Caledonian orogenic events.
Tectonized basement-cover relationships with
out obvious breaks are common in the Alps (e.g.
Chatteijee 1961, Chadwick 1968, Thakur 1973,
Huber et al. 1980) and in other orogens. Base
ment-cover unconformities are locally observed
in eastern parts of the Western Gneiss Region
(Rosenqvist 1941, Santarelli & Brunel 1979, Krill
1980), but toward the west the unconformable
relationships are tectonized beyond recognition.
Furthermore, basement and cover rocks with
different ages and geologic histories have been
intimately interlayered by thrusting and recum
bent folding, so that ages of each rock unit must
be considered independently. Old dates from
one rock unit cannot be considered to also date
adjacent units.
A form of circular reasoning appears to have
developed in recent interpretations of the
geologic age and isotopic behavior of rocks of
the Western Gneiss Region. Rather unusual in
terpretations of isotopic behavior
that
Sveconorwegian and Caledonian whole-rock
dates represent isotopic resetting due to rela
tively minor secondary events (Råheim 1977,
Solheim 1980) - have been accepted by geo
chronologists on the assumption that the in
terpretations are demanded by the regional
geology. However, the same geochronologic in
terpretations have in turn led to revisions of
regional geologic models on the assumption that
the revisions are demanded by the geo
chronology. We know of no geochronologic data
that discredit the earlier models of intense
Caledonian orogenesis in the Western Gneiss
Region.
December 1980

Note

8S

Tafjord-Grotli area of the Basal Gneiss Region, west Nor
way. Nor. Geo/. Tidsskr. 59, 141-153.
Bryhni,

I.

&

Brastad,

K.

1980:

Caledonian

regional

metamorphism in Norway. J. Geo/. Soc. London 137,
251-259.
Chadwick, B. 1968: Deformation and metamorphism in the
Lukmanier region, central Switzerland. Bull. Geo/. Soc.

Am. 79, 1 123-1 150.

Chatterjee, N. D. 196 1: The alpine metamorphism in the
Simplon-area, Switzerland and Italy. Geo/. Rundsch. 51,
1-72.
Chopin, C. & Maluski, H. 1980: 40Ar-39Ar dating of high
pressure metamorphic micas from the Gran Paradiso area
(Western Alps): evidence against the blocking temperature
concept. Contrib. Mineral. Petro/. 74, 109- 122.
Faure, G. & Powell, J. L. 1972: Strontium Isotope Geology.
Springer Verlag, New York, 188 pp.
Griffin, W.

L. & Brueckner, H. K. 1980: Caledonian Sm-Nd

ages and a crustal origin for Norwegian eclogites. Nature
285, 3 19-32 1.

Gulson, B. L. 1973: Age relations in the Bergell region of the

south-east Swiss Alps; with some geochemical comparisons.

Eclogae Geo/. Heiv. 66, 293-313.

Hanson, G. N., Griinenfelder, M., & Soptrajanova, G. 1969:

The geochronology of a recrystallized tectonite in Switzer
land -the Roffna gneiss. Earth Planet. Sei. Lett. 5. 4 13-422.

Heier, K. S. & Compston, W. 1969: Interpretation of Rb-Sr

patterns in high-grade metamorphic rocks, north Norway.

Nor. Geo/. Tidsskr. 49, 257-283.

Holtedahl, O. 1938: Geological observations in the Oppdal
Sunndal-Trollheimen district.Nor. Geo/. Tidsskr. J8, 29-53.
Huber, M. Ramsay, J. & Simpson, C. 1980: Deformation in the
Maggia and Antigorio nappes, Lepontine Alps. Eclogae
Geo/. Heiv. 73, 593-606.
Hunziker, J. C. 1970: Polymetamorphism in the Monte Rosa,
Western Alps. Eclogae Geo/. Heiv. 63, 151-161.
Jager, E. 1970: Rb-Sr systems in different degrees

of

metamorphism. Eclogae Geo/. Heiv. 63, 163-172.
Jager, E. 1977: The evolution of the Central and West Euro
pean continent, 227-239. In La chaine varisqe d'Europe

moyenne et occidentale. Colloque C.N.R.S. Paris. 243.

Jager, E. 1979: Introduction to geochronology, 1-12. In Jager,
E. & Hunziker, J. C. (eds.) Lectures in isotope geology.

Springer-Verlag, Berlin.

Krill, A. G. 1980: Tectonics of the Oppdal area, central
Norway. Geo/. Foren. Stockh. Forh. 102.

Krogh, E. J. 1977: Evidence of Precambrian continent-conti
nent collision in western Norway. Nature 267, 17-19.

Lappin, M.: Pidgeon, R. T. & van Breeman, O. 1979: Geo
chronology of the basal gneisses and mangerite syenites of
Stadlandet, west Norway. Nor. Geo/. Tidsskr. 59, 161-181.

Moorbath, S. 1975: Geological interpretation of whole-rock
isochron dates from high grade gneiss terranes. Nature 255,

39 1-393.

Muret, G. 1960: Partie S. E. de la culmination du Romsdal,
cha!ne caledonienne, Norvege. Internat. Geo/. Cong. 21st,
Copenhagen 1960, Proc. 19, 2S-32.

Mysen, B. O. & Heier, K.S. 1972: Petrogenesis of eclogites in

References

high grade metamorphic gneisses exemplified by the Hareid

Abdel-Monem, A. A. & Bryhni, I. 1978: A Rb/Sr date from

73-94.

anorthosite-suite rocks of the Gloppen-Eikefjord area, west
em Norway. Nor. Geol..Tidsskr. 58, 229-232.
Brueckner, H. K. 1972: Interpretation of Rb-Sr ages from the
Precambrian and Paleozoic rocks of southern Norway: Am.
Jour. Sei. 272, 343-358.
Brueckner, H. K. 1979: Precambrian ages from the Geiranger-

land eclogite, western Norway. Contr. Mineral. Petro/. 36,
Oftedahl, Chr. 1980: Geology of Norway. Nor. Geo/. Unders.
256, 3-1 14.
Pidgeon, R. T. & Råheim, A. 1972: Geochronological in
vestigation of the gneisses and minor intrusive rocks from
Kristiansund, west Norway. Nor. Geo/. Tidsskr. 52, 24 1256.

86

NORSK GEOLOGISK TIDSSKRIFT l (1981)

Note

Priem, H. N. A., Boelrjk, N. A. l. M., Hebeda, E. H.,
Verdurmen, E.A. H. & Vershure, R.M. 1973: A note on the
geochronology of the Hestbrepiggan granite in west Jotun
heimen. Nor. Geo/. Tidsskr. 289, 31-35.
Purdy, J. W., & Jager, E. 1976: K-Ar ages on rock-forrning
minerals from the Central Alps. Mem. 1st. Geo/. Mineral.
Univ. Padova.

30, 1-32.

Roberts, D. & Sturt, B. A. 1980: Caledonian deformation in
Norway. J. Geo/. Soc. London 137, 241-250.
Rosenqvist, l. Th. 1941: The Lønset anticline in the Opdal
area. Nor. Geo/. Tidsskr. 21, 25-48.
Råheim, A. 1977: A Rb, Sr study of the rocks in the Surnadal
syncline. Nor. Geo/. Tidsskr. 57, 193-204.
Råheim, A., Gale, G. H. & Roberts, D. 1979: Rb, Sr ages of
basement gneisses and supracrustal rocks of the Grong area,
Nord-Trøndelag, Norway. Nor. Geo/. Unders. 354, 131-

142.
Santarelli, N. & Brune!, M. 1979: The Gravdalen conglomer
ate (W. Gneiss Region): tectonic position and quartz plastic
deformation. Abstract, 14. Nord. geo!. vintermøte 1980,
Geolognytt

13, 63.

Satir, M. 1974: Rb/Sr-Altersbestimmungen an Glimmer der
westlichen Hohen Tauem: Interpretation und geologische
Bedeutung. Schweiz. Mineral. Petrogr. Mitt. 54, 213-228.
Skjerlie, F. J. & Pringle, l. R. 1978: Rb-Sr whole-rock isochron
·
date from the lowermost gneiss complex of the Gaular area,
west Norway and its regional implications. Nor. Geo/.
Tidsskr.

58, 259-265.

Solheim, S. 1980: Geochronological investigations in the
Oppdal area, central Norway. Nor. Geo/. Tidsskr. 60,

175-188.
Thakur, V. C. 1973: Events in Alpine deformation and
metamorphism in the northern Pennine zone and southern
Gotthard massif regions, Switzerland. Geo/. Rundsch. 62,

549-563.
Verschure, R. H., Andriessen, P. A.M., Boelrijk, N.A.l.M.,
Hebda, E. H., Maijer, C., Priem, H. N.A & Verdurmen, E.
A. Th. 1980: On the thermal stability of Rb-Sr and K-Ar
biotite systems: evidence from coexisting Sveconorwegian
(ca 870 Ma) and Caledonian (ca 400 Ma) biotites in SW
Norway. Contr. Mineral. Petro/. 74,245-252.

