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Recent papers on the petrography, structure, 
and age relations within the Hardangervidda
Ryfylke Nappe Complex, southwest Norway, 
have established and described the tectono
stratigraphic sequence shown in Fig. l (Heier et 
al. 1972, Jorde 1973, Naterstad et al. 1973, 
Andresen 1974a, Gabrielsen 1976). Several im
portant problems concerning this sequence were 
left unsolved. One main question was the age of 
thrusting between the Dyrskard Group and the 
Kvitenut Complex. The thrust surface is an 
important contact within the nappe complex, and 
is characterised by blastomylonites and mylonite 
gneis ses. Further, the surface represents a 
marked metamorphic, structural, and lithologi
cal break within the nappe succession in the area 
(Naterstad et al. 1973). Petrographic and 
structural observations have kd to the conclu
sion that this thrust was originally formed north
west of its present position, prior to the main 
Caledonian thrusting (Naterstad et al. 1973, 
Jorde 1973, Andersen et al. 1974) and subse
quently moved to its present location through 
Caledonian thrusting. 

The cataclastic rocks of the thrust zone were 
thought to have shared a metamorphic event 
with the Dyrskard Group rocks. A reconnais
sance Rb-Sr whole-rock age determination on 
rocks from the Dyrskard Group indicated a 
Precambrian age (1289 m. y. ± 80 m. y. ) for this 
metamorphism (Andresen et al. 1974). This 
further strengthened the possibility of a Pre
cambrian age for the thrusting. Consequently, 

the tectonic succession of the Hardangervidda
Ryfylke Nappe Complex may contain within it 
elements of at !east one Precambrian thrust 
event, the thrust surface being more or less 
parallel to the major basal thrust of proven 
Caledonian age. 

The thrust has earlier been described by 
Naterstad et al. (1973), Jorde (1973), Andersen 
(1974), and Gabrielsen (1976). For a summary of 
earlier ideas on the geology of the area, the 
reader is referred to Strand & Kulling (1972). 

Field relations 

The general field relations of the Dyrskard
Stavsnuten area are summarised on the map 
(Fig. 3), The Dyrskard Group is situated beneath 
the thrust in question (Fig. l) and is schematic
ally divided into four units (Gabrielsen 1976). 
From top to bottom: 

Fine-grained granitic gneiss (meta-rhyoda-
cite), with mylonitised top. 

Amphibolites and feldspathic quartzites. 
Quartzites, meta-arkoses and meta-marls. 
Banded quartz-feldspathic gneisses of supra-

crustal origin, now partly blastomylonites. 
The tectonically highest unit is regarded as a 

series of meta-rhyodacites. Part of this unit is 
composed of thin zones of quartzites, feldspathic 
quartzite, and garnet-bearing micaschists. The 
Dyrskard Group is, in spite of strong folding, 
essentially flat-lying and parallel to the thrust 
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Fig. l. Tectono-stratigraphic 
succession in the 
Haukelisæter-Røldal area. TI, 
T2 and T3 mark thrust zones of 
Caledonian age, T4 the thrust 
zone treated in the present 
pa per. 
R = Revsegg Formation, 
K = Kvitenut Complex, 
D =Dyrskard Group, N = Nups
fonn Cplx., H = HolmasjØ Fm., 
es = autochthonous/ 
parautochthonous Cambro
Silurian, B = Precambrian base
ment. Numbers in brackets indi
cate age. 
*=Data from Andresen et al. 
(1974)- whole-rock Rb-Sr. 
**=Data from Andresen (1974b) 

- fossils. 
***=Data from Gabrielsen & 
Solheim (pers. comm.)- whole
rock Rb-Sr. 

above (T4, Fig. 1), although thickness variations 
exist in the different units of the Group. 

The Dyrskard supracrustals merge gradually 
into the main thrust zone and show increasing 

evidence of cataclastic deformation up-section, 

transforming the meta-volcanics into mylonite 
gneisses and blastomylonites of granitic com

position. There are indications that in addition to 

movement in the main thrust, cataclasis also 
occurred in zones further down in the series. The 
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Dyrskard Group, as well as the rocks within the 
thrust zone, show an upper low grade 

metamorphism 
·
as defined by Winkler (1974: 

232-234). Relics of primary structures are rare 

but may be found in the metavolcanics. No 
intrusives have been observed. The conformable 
relation of the Dyrskard Group to the thrust is in 
striking contrast to the discordant relations 
shown by the K vitenut Complex. This unit con

tains coarse-grained granodioritic gneisses, in

terpreted as old basement, folded together with a 
series of younger banded gneisses of supra
crustal origin and varying lithology. Both the se 
rock types have a complex structural and 
metamorphic history, reaching conditions dose 

to granulite facies at one stage (Gabrielsen 1976). 
Several types of intrusions, notably granites, 
occur within the gneisses. Near the thrust zone 
the foliation and lithological boundaries of the 

Kvitenut Complex are abruptly (over a distance 
of 10 metres or less) deformed into being con
cordant with the thrust surface. Local movement 

zones subparallel to the main thrust are evident 

within the lower part of the Kvitenut Complex. 
It is generally difficult to distinguish the gneisses 
of the Dyrskard Group from those of the 
Kvitenut Complex within the main thrust zone. 

The thickness of the zone varies, but rarely 
exceeds 50 m. The structural pattern of the rocks 

in the thrust zone is dominated by a cataclastic 
foliation parallel to the lithological banding in the 
Dyrskard Group. Open to isoclinal folds with 

ENE-striking fold axis and NNW -dipping axial 

planes are common within the cataclastic zone, 
and are tentatively correlated with the thrusting 
of the K vitenut Complex over the Dyrskard 
Group (Jorde 1973, Andersen 1974a, Gabrielsen 
1976). 

Petrography of the blastomylonites 
and mylonite gneisses 
Macroscopically the rocks of the thrust zone are 

well foliated, medium to fine grained banded 
gneisses, characteristically with augen (Fig. 4). 
Individual hands vary in composition from grani
tic to tonalitic. The lithological differences in 
these gneisses are thought to reflect the varia

tions in source rock composition. Microscopic
ally the texture is dominated by an oriented 

lepidoblastic-granoblastic fabric, containing 
scattered augen of alkali-feldspar. Based on field 
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appearence and microscopic investigations this 

texture is interpreted as fluxion structure (Hig
gins 1971). The time relation between cataclasis 

and the inferred recrystallisation/neomineralisa

tion is debatable. However, they seem likely to 
have been concurrent with recrystallisation/ 

neomineralisation dominating the later stages, as 
strain features (undulatory extinction, bent and 
fractured grains) are largely obliterated. The 
quartzo-feldspathic blasto-mylonites and mylo

nite gneisses contain mostly quartz, microcline, 
and albite. As mentioned previously, the bulk 
composition of the samples from the thrust zone 
depends on their original lithology, and this 
allows the thrust zone rocks to be divided into 
two groups: 

Rocks of granitic composition were probably 

derived from the Dyrskard Group meta-vol
canics and the Kviten ut Complex granite (Fig. 

2). These cataclastic rocks characteristically 

have 27-34% microcline, 30-34% quartz,24-34% 
albite, 6-12% white mica, and 3-7% biotite. 
Epidote, apatite, sphene, garnet, zircon, and 
opaques may also occur. Secondary minerals 

include chlorite after biotite, and limonite after 
pyrite. 

Rocks of quartzdioritic composition were 
probably derived from either the coarse quartz
dioritic or banded gneisses in the K vitenut 
Complex. These samples characteristically 
carry about 30-35% quartz, 28-32% albite, 
1-5% microline, 8-10% white mica, 8-12% 

epidote. Thus the composition of the blastomy
lonites and mylonite gneisses makes it possible 

to determine which of the two units were my
lonitised. Detailed description of the samples 
are available from Norges geologiske under
sØkelse, Postbox 3006, 7001 Trondheim. 

Age determination 
Sampling 

The field relation between the Dyrskard Group 
and the K vitenut Complex is well known in the 
Stavsnuten area (Gabrielsen 1976). Accordingly, 

thrust zone rocks from this area were sampled 

for radiometric dating. Samples D7403 - 12 were 
collected from nine sites (Fig. 3) along the 
mylonitised/metamorphosed contact zone. Some 

of the se samples were later split into subsamples 

to try to obtain 'single sample isochrons'. Since 
the preliminary dating results of Andersen et al. 
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Fig. 2. Extension of the Hardan
gervidda-Ryfylke Nappe Com
plex. Area treated in the present 
paper indicated by arrow. 

( 1974) from the same area are discussed in this 
paper, their sample localities are also plotted on 
Fig. 3. During field and laboratory work it be
came clear that it is possible to sort out which of 
the cataclastic rocks of the thrust zone originally 
belonged to the Kviten ut Complex and which to 
the Dyrskard Group. However, the Kvitenut 
Complex rocks grade into blastomylonite/mylo

nite gneisses through a very narrow zone (5-10 
m or less), mak.ing sampling of rocks of un

doubted Kvite nut Complex origin difficult. 

Thus, samples which certainly were derived 
from the K vitenut Complex are underrepre

sented in the mass of data. Of the nine sample 

localities in the thrust zone, one (locality D7412) 
is of certain K vitenut Complex origin, two were 
of uncertain origin (locality D7404-05), and the 
rest are of certain Dyrskard Group origin. As 

will be shown, the isotopic studies seem to 
confirm this assumption for sample D74 12, 

whereas the sample from D7404 shows 

characteristics in common with rocks derived · 
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Fig. 3. Geological map of the Stavsnuten area (after Gabrielsen 1976) with sample localities of the present study and of 
Andresen et al. (1974). 
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from the Dyrskard Group, The sample from 
D7405 is anomalous with respect to both these 
groups, probably because of high mica-content. 

Analytical procedure 
The rocks were crushed in a steel-jaw crusher 

and finely ground in a tungsten carbide sieve 
mill. Rb and Sr were determined by X-ray 
fluorescence spectrography on all samples, fol-
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Fig. 4. Mylonite gneiss between 
the Dyrskard Group and the 
Kvitenut Complex, Stavsnuten 
area. Longest diameter of the 
!argest augen in the centre of the 
picture is 2,5 cm. 

lowing the method described by Norrish & 
Chappell (1967). Unspiked measurements of 
87Sr/ 86Sr were made for all samples and variable 
massdiscrimination in 87Sr/86Sr was correlated 
by normalising 88Sr/86Sr to 8.3752. Mass 

spectrometry was performed on an MS 30 
(micromass) mass spectrometer using proce

dures similar to those described by Pankhurst & 
O'Nions (1973). The 87Rb decay constant used 

was l. 39 x I O-Il yr-'. The regression technique 

of York (1969) was used, and tests of signifi-

Table 1. Analytical data. For sample locality, see Fig. 3. 

Sample no. Sr p pm Rb p pm 
87Rb/86Sr 87 Sr/86Sr Unit UTM coord. 

07403 I I I 324.0 126.6 1.1328 0.72709:!:0.00007 D. G. 893 369 

07404 411. 3 97.0 0.6832 o.7187o!o.oooo4 Unc. 892 368 

07405 I I 482.8 144.9 0.8697 o.7183o!o.oooo9 Unc. 892 368 

07406 338.9 84.2 0.7199 0.72047:!:0.00007 D. G. 867 369 

07406 I I 325.2 94.5 0.8419 0.72159:!:0.00019 D. G. 867 369 

07407 336.8 11 3 • 1 0.9718 0.72568:0.00007 D. G. 864 374 

07408 I I 521 . 8 79.8 0.4427 0.71553:0.00010 D. G. 864 37 5 

07409 I I 260.6 72.5 0.8058 0.72315:0.00004 D.G. 865 371 

07409 248.2 73.6 0.8600 0.72295:0.00010 D. G. 865 371 

07410 232.2 102.2 1. 2774 0.73109:0.00007 D. G. 865 371 

D7411c I I 608.7 11 o. 8 0.5272 0.71346:0.00004 D. G. 891 38 5 

D7411b 713.0 81 . 5 0.3308 0.71071:0.00010 D.G. 891 38 5 

D7412a 133.0 126.6 2.7731 o. 77634:0.00010 K. C. 890 38 5 

D7412b 194.9 105.4 1.5718 0.75055:0.00010 K. C. 890 385 

D7412b I I 192.8 107. 5 1 . 6 204 0.75140:0.00003 K. C. 890 385 

The unit from which the samples are derived is indicated as follows: 
D. G. = Dyrskard Gro up, K. C. = Kvi te nut Complex, Unc. = uncertain. 
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cance associated with the isochron interpreta
tion were made at the 65% (l a-) lev el of confi
dence. In assigning errors to the regression 
points, the coefficient of variance for87Rb/ 86Sr is 
taken as 1%. The standard errors for 87Sr/86Sr 
for each sample are listed in Table l. 

Analytical results and discussion 

Results 
The analytical data are listed in Table l and 
plotted on an isochron diagram in Fig. 6. As can 
be seen from the isochron diagram, it is not 
possible to join all the points on one isochron. 
However, the points show two parallel or sub
parallel alignments. One alignment consists of 
three samples from D7412, the only collection 
site which is certainly of K vitenut Complex 
derivation. The second alignment is given by the 
rest of the samples from all other localities. 
Most, if not all of these samples were derived 
from the acid metavolcanics of the Dyrskard 
Group. The three samples of the Kviten ut Com
plex origin (from D7412) give a Rb-Sr isochron 
age of l ,537 ± 41 m. y., and an initial 87Sr/86Sr 
ratio of 0. 7166±0.0010. The scatter about the 
isochron was assigned to experimental error. 
The other samples (excluding D7405 Il) indicate 
an age of 1,627±114 m. y., and an initial 
87Sr/86Sr ratio of O. 7032 ± 0.00 Il. Sample D7405 
Il is excluded because it is the most mica-rich of 
the analysed samples, and therefore may have 
been subjected to loss of radiogenic Sr during the 
later geological events. Even with sample D7405 
Il excluded, however, the scatter of points of the 
1,627 m. y. isochron cannot be assigned to only 
experimental error. There must also have been 
geological variation or geological isotope dis
turbance. 

Discussion of the present results 
It is important to evaluate if conditions within 
the thrust zone during thrusting were such as to 
open the Rb-Sr isotopi c system on a certain scale 
and to allow homogenisation to take place. This 
problem has unfortunately so far had little atten
tion in the literature. However, an attempt to 
investigate the effect of faulting on isotopic 
ratios. led Dietrich et al. (1969: 307) to the 
conclusion that 'some activity, probably the 
development of frictional heat that accompanies 
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Fig. 5. Photomicrograph of cataclastic tex ture in mylonite 

gneiss, Stavsnuten area. Note the well-developed lenticles of 

quartzo-feldspathic material between layers of fine-grained 
'matrix' (quartz, feldspar, biotite and epidote). Polarized light. 

faulting, may cause adjustments of isotopic 
ratios so that the resulting 'ages' indicate time of 
faulting' . 

Abbott (1972: 487) considered homogenisation 
on various scales and reached a corresponding 
conclusion. He stated that 'whole-rock iso
chrons indicate that homogenisation occured 
over volumes of at least a few metres. This 
chemical redistribution is compatible with evi
dence of recrystallisation and neomineralisation 
found within the shear zone' , and Råheim & 
Compston (1977) and Berg (1977) have shown 
that secondary whole rock isochrons can be 
produced by a deformation involving introduc
tion of water during low grade metamorphism. 
Råheim & Compston (1977) give an example 
from Strathgordon, Western Tasmania, Au
stralia, where secondary isotopic homogenisa
tion of whole rock samples on a local scale (1/2 
m3) has been caused mainly by a crenulation 
cleavage deformation accompanied by introduc-
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Fig. 6. Rb-Sr isochron plot of the analytical results. The single-locality isochron of K vitenut Complex deri ved rocks marked by 
black dot. 
Black square marks sample 07405 Il which is excluded from the regression analyses (see p. 258). 

tion of water at temperatures less than 350"C 
(probably 250"C). Berg (1977) similarly, but on a 
regional scale, found that tectonised whole rock 
samples of granitic gneisses from Røldal in south 
Norway all plot on an isochron giving an age and 
initial ratio of 1,005 ± 50 m. y. and 0. 720 ± 0. 002 
respectively, whilst granitic gneiss samples 
which are not tectonised yield an age of 
l ,520± 30 m. y. and initial ratio of 0.7030 
± 0. 0006. Important during the tectonisation 
of the granitic gneiss is also in this case introduc
tion of water causing secondary chlorite and 
white mica. 

At present the following generalisation may 
seem valid: If a rock system or domain is ph y sic-

ally opened by deformation (generation of cleav
age, faulting or cataclasis with associated 
metamorphism) allowing water (fluids) to be 
introduced, the Rb-Sr isotopic system seems to 
be opened and reset to the time of deformation/ 
metamorphism. This secondary 'homogenisa
tion' of whole rock systems is easily understood 
on a local scale (volumes of a few m3). This 
feature can also be obtained for secondary iso
chrons on a regional scale through a model 
(example 3) suggested by Roddick & Compston 
(1977) if the rocks have a common origin and a 
common original initial 87Sr/ 86Sr ratio (for exam
ple volcanics). The introduction of liquids within 
or along thrust zones is common (e. g. Beach 
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1976), and a fluid 'overpressure' is seen by 
several authors as a presupposition for large
scale thrusting (Hubbert & Rubey 1959, Rubey 
& Hubbert 1959, Platt 1962, Heard & Rubey 
1%6, Roberts 1972, Armstrong & Dick 1974). 
The mica content (modal analysis) of meta
rhyolites from the Dyrskard Group not affected 
by the thrusting averages 9. 9% (Il samples), 
while the mica content of mylonitised meta
rhyolites from the thrust zone averages 14.2% 
(eight samples). This implies that water was 
introduced during the thrusting causing the for
mation of mylonite gneisses and blastomylo
nites. Simultaneously the rocks were affected by 
metamorphism reaching upper greenschist facies 
(Gabrielsen 1976). We therefore consider it very 
unlikely that the pre-thrust Rb-Sr isotopic 
system could survive a geological event of this 
kind. If any linear alignment or isochron could 
be obtained at all, it would be secondary and 
most probably represent the approximate time 
of thrusting and associated metamorphism. This 
is in concordance with the results of earlier 
workers on similar problems (Dietrich et al. 
1969, Abbott 1972). 

The two ages extracted (l ,627 ± 114 m. y. and 
1-,537± 41 m. y. ) are not technically different 
from each other, given the large age error. 
Nevertheless, it would be expected that, if any 
isotopic equilibration occurs at all during a 
structural disturbance, this equilibration would 
most likely be on a local scale (within one 
collection site) rather than regional. Unfortu
nately, we have in o ne case only succeeded in 
finding enough Rb/Sr dispersion on the local 
scale (D7412) to get an isochron. In addition two 
of these points plot rather close together. We 
still, however, give most weight to the age 
obtained in this case (1. 537 ± 41 m. y. ) when 
suggesting an age for the thrusting event, be
cause these samples are most likely to have had 
the same initial ratio. The reasonable, though not 
perfect alignment of the samples collected on a 
regional scale from the localities D7603 to Il, 
indicating an age of l ,627 ± 114 m. y. , is some
what surprising. However, as seen from Table l, 
most, if not all of these samples originally be
longed to the volcanics of the Dyrskard Group. 
A common origin and a common initial 87Sr/ 86Sr 
- ratio is therefore to be expected for these 
rocks. This may explain the reasonable co
linearity of the samples from different localities, 
when using a similar model as suggested by 
Roddick & Compston (1977, example 3). The 
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alignment is not a proper isochron; the reason 
for this is either that different samples have 
responded differently to the thrusting, or that 
later superimposed geological effects opened the 
Rb-Sr system. 

The rather low initial ratio (0.7032 ± 0.0011), 
indicated by the samples D7403 Ill to D74llc Il, 
suggests that these samples (thought to belong to 
the Dyrskard Group rocks) have not had a long 
crustal history prior to the thrusting and 
syntectonic metamorphism. This initial ratio is 
well within the range of what is normally found 
in acid volcanics (e. g. Faure & Powell 1972). It 
is further interesting to note the difference in the 
initial ratio between the samples derived from 
the Dyrskard Group (0. 7032) and those from the 
Kvitenut Complex (0. 7166). The higher initial 
ratio of the K vitnut Complex rocks suggests that 
the crustal history of the se rocks has been longer 
than that of the Dyrskard Group. This is consis
tent with a more complex metamorphic and 
structural history of the Kvite nut Complex rocks 
(Jorde 1973, Naterstad et al. 1973, Andresen 
1974a, Andresen et al. 1974, Gabrielsen 1976). 

Discussion of earlier results 
An age of about l ,550 m. y. for the thrusting and 
syntectonic metamorphism implies that this is 
also a minimum age for the Dyrskard Group. The 
preliminary metamorphic age of the Dyrskard 
Group of 1,289 ± m. y. (Andresen et al. 1974) is 
not consistent with this. However, the samples 
in question are from different localities (see Fig. 
3) and represent different rock types (amphibo
lite, quartz-schist, biotite-amphibolite, and two 
feldspathic quartzites). They might therefore 
very well have had different original 87Sr/ 86Sr 
ratios, or even responded differently to later 
events in the geological his tory of the Group. 

At any rate, since so little common geological 
control exists on these samples (different loc
ality, different rock-type, initial ratio) the age 
obtained is probably hybrid, and as such of little 
geological significance. Thus the preliminary 
study of Andresen et al. (1974) should be fol
lowed up by a more complete and detailed work 
in an attempt to determine the metamorphic 
and/or the depositional age of the Dyrskard 
Group. This work is already in progress (R. H. 
Gabrielsen) and the results so far indicate an age 
of the Dyrskard Group meta-rhyolites of about 
the same age (1,550 m. y.) as obtained from the 
myonite gneisses/blastomylonites from the 
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thrust zone. This age is consistent with a conclu
sion that the thrusting and main metamorphic 
event took place at about the same time. 

On the other hand, the higher initial ratio of 
the Kviten ut Complex rocks (0. 7032 ± 0. 00 Il) 
from the thrust zone is consistent with the con
clusion regarding the age relationship between 
the K vitnut Complex and the Dyrskard Group 
suggested by Naterstad et al. (1973) and Andre
sen et al. (1974). The age obtained by Andresen 
et al. on the K vitenut Complex rocks overlaps 
within the error for the ages reported in the 
present paper. This indicates - assuming that 
the y represent a complex of considerably greater 
age than that of the Dyrskard Group rocks - that 
even the Kvitenut Complex rocks have been 
strongly affected by the thrusting and the as
sociated metamorphism. Petrographic investiga
tions do show that retrogression has taken place, 
as low to medium grade metamorphism over
prints the original high grade mineralogy. This 
process is most complete in the part of the 
K vitenut Complex situated near the thrust zone 
(Gabrielsen 1976). 

However, when evaluating the age of the 
K vitenut Complex, the following should be born 
in mind. Some of the Kvitenut Complex rocks 
discussed by Andresen et al. (1974) do have 
relatively high 87Sr/86Sr ratios. Rocks with high 
87Sr/86Sr ratio may, due to secondary events, 
lose radiogenic Sr in proportionally larger 
quantltles than samples with low Rb/Sr 
ratios. The ideal case would develop 'curved 
isochrons' where only the lower parts of the 
isochron approximate the maximum age. For a 
thorough discussion of this effect see Page 
(1978). Bearing in mind the effects of the 
secondary events, this could have been the case 
for the rocks of the K vitenut Complex. It is thus 
noted that the four samples with the lowest 
Rb/Sr ratio from the Kvitenut Complex (data 
from Andresen et al. 1974) would indicate an age 
in the order of 1. 870 m. y. 

Conclusions 

The Rb/Sr whole rock radiometric age of about 
1.550 m. y. obtained from thrust zone rocks 
between the Kvite nut Complex and the Dyrs
kard Group of the Hardangervidda-Ryfylke 
Nappe Complex is considered to represent the 
time of thrusting (accompanied by metamorph
ism) between the two units. As a consequence of 
these results, the depositional age of Dyrskard 
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Group must be greater than 1. 550 m. y. It is also 
likely that the Kvitenut Complex rocks are older 
than suggested by Andresen et al. (1974) 
(1643± 88 m. y. ). 
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