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Two Rb-Sr whole rock isochrons from the Gjesvær Migmatite Complex (410 ± 28 m.y., 
IR:0,75472 ± 0,0015) and the Finnvik Granite (411 ±7 m.y., IR:0,7116 ±0,0010) within the orthotectonic 
Caledonides of northernmost Norway are presented. The syn-orogenic Finnvik Granite cuts folded 
Llandoverian strata of the Magerøy Nappe and was intruded coevally with the peak of the Scandinavian 
Phase regional metamorphism. This granite thus occupies a critical position for the dating of the 
Scandinavian Phase of the Caledonian Orogeny in the region. The regional metamorphism during this 
phase resulted in Rb-Sr isotope homogenization in the older Gjersvær Migmatite Complex which 
underlies the basal thrust of the Mage røy Nappe. The re-set age of this complex gives the same age as the 
syn-metamorphic Finnvik granite. A model age calculation for the migmatites gives 1335 m.y., indicating 
that the provenance rocks of the sedimentary protolith to the Gjesvær Migmatite Complex were probably 
an old Precambrian terrain. The age of the Scandinavian Phase in the Scandinavian Caledonides is 
discussed in relation to the chrono- and biostratigraphic evidence presently available. 
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Introduction 

It is now clear that the evolution of the Scandina
vian Caledonides involved two major stages of 
tectono-metamorphic development. The two 
phases have been termed the Finnmarkian and 
the Scandinavian Phase (Ramsay & Sturt 1976, 
Sturt et al. 1978, Roberts & Gale 1978). The 
Finnmarkian Phase is broadly coeval with the 
Grampian Phase in the British Isles (Ryan & 
Sturt 1981), and also with the obduction of 
ophiolitic assemblages onto the Baltic Shield 
(Furnes et al. 1980). Evidence of Finnmarkian 
orogenesis is also available from the Trondheim 
region where trondhjemitic rocks dated at 
around 450--480 m. y. intrude already deformed 
Cambrian rocks (Klingspor & Gee 1981). 

The Scandinavian Phase was responsible for 
the transport of great thrust nappes which pres
ently dominate the pattem of tectono-stratigra
phic units in the Scandinavian Caledonides. In 
this paper two Rb-Sr whole rock isochrons from 
the island of Magerøy positioned within the 
orthotectonic Caledonides of northernmost 
Norway are presented, and they are considered 
to date the age of the Scandinavian Phase meta
morphic maximum in this region. 

Geological setting 

The rocks on Magerøy comprise three tectonic 
units (Fig. 1). In ascending tectono-stratigraphic 
order these are the Gjesvær Migmatite Complex, 
the Magerøy Nappe and the Skarsvåg Nappe 
(Curry 1975, Ramsay & Sturt 1976, Andersen 
1979, 1981). Geochronological data from the two 
lower units are presented. The highest unit, the 
Skarsvåg Nappe, is a small erosional klippe of 
migmatitic mica schists and quartzites of un
known age. The emplacement of the nappe 
shown by its superimposition on the Magerøy 
Nappe, however, is of Scandinavian Phase age 
(Andersen 1981). 

The Magerøy Nappe constitutes the major part 
of the island, and is underlain to the west by the 
Gjesvær Migmatite Complex. The two complex
es are separated by a major thrust (Ramsay & 
Sturt 1976). The lithologies of the nappe are 
composed chief! y of a polyphasally deformed and 
metamorphosed upper Ordovician to lower Siluri
an sedimentary sequence with a minimum strati
graphic thickness of 5. 5 km. In addition, syntec
tonic igneous rocks of two main types occur. In 
the Honningsvåg area a major layered mafic
ultramafic complex (Curry 1975) occurs, and in 
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the central and eastern parts of the nappe a series 
of granites and granitoids have been intruded 
(Andersen 1979). 

The dated lithology from the Magerøy Nappe 
is the Finnvik Granite, which is located in the 
southern part of Magerøy, where it occupies an 
area of 7.75 km2• 

The intrusion has the composition of a true 
granite, and is chiefly composed of quartz, mi
crocline, albite and biotite. Rutile, tourmaline, 
zircon and amphibole occur as accessory miner
als. Chlorite, muscovite and epidote are found as 
secondary minerals. The granite is commonly 
medium grained, but in some areas it is porphyri
tic with microcline phenocrysts up to 4 cm in 
length. The Finnvik Granite intrudes the young
est formation of the Magerøy Supergroup (An
dersen 1979). In the Honningsvåg area, this for
mation contains Monograptus sandersoni, which 
indicates that the sequence ranges in age at !east 
up into the lower Llandovery (Sturt et al. 1975). 
The country rocks to the granite were already in 
amphibolite facies by the time of granite intru
sion (Andersen 1979). The granite has a cross
cutting relationship to the D l structures, and 
apophyses of the granite intrude both along and 
transgress the penetrative S l foliation. The apo
physes were folded and boudinaged during the 
Scandinavian Phase D 2. This deformation has 
resulted, for the D 2 strained parts, in a strong 
undulose extinction in both quartz and feldspar, 
and recrystallization to polygonal grain mosaics 
may observed. The granite has undergone in
tense brittle deformation along its southern mar
gin, and this is apparently related to cataclasis 
along the Magerøysundet Fault. 

The other dated lithology is the migmatitic 
paragneisses of the Gjesvær Migmatite Complex 
underlying the Magerøy Nappe (Ramsay & Sturt 
1976). The samples analyzed were collected from 
the area around the village of Gjesvær, which is 
structurally positioned 2-3 km beneath the Ma
gerøy Nappe thrust plane. This complex is chief
ly formed by rnigmatized psammites. In addition, 
zones of calc-silicate lithologies and quartzites 
which are virtually unaffected by anatexis occur, 
and the quartzites locally preserve primary sedi
mentary structures. Gradual transitions from mig
matite to quartzite occur, both on the scale of 
bedding and between larger rock bodies, and this 
shows that the development of partial melts was 
strongly controlled by the bulk composition 
where arkosic members have been migmatized. 
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Basic sheets, now garnet amphibolites, are com
mon in zones. 

The Gjesvær Migmatite Complex has evidence 
of a protracted tectono-metamorphic history 
(Ramsay & Sturt 1976). Two early penetrative 
deformational events associated with elevated 
temperatures which produced anatectic melts 
have been discerned. The basic sheets were em
placed essentially during the first of these defor
mational events, and they are extensively net
veined by leucocratic neosome. There is evi
dence to show that this protracted tectono-meta
morphic and intrusive history occurred prior to 
the emplacement of the Magerøy Nappe. This is 
demonstrated by the relationship of the early 
structures and fabrics to the thick development 
of blastomylonites which were established during 
the emplacement of the Magerøy Nappe (Ram
say & Sturt 1976). The early deformation and 
anatexis are assigned to the Finnmarkian Phase 
as they show striking similarity to the deforma
tion and metamorphism characterizing the Finn
markian terrain in the Porsanger - halvøya and 
the Hjelmsøy area immediately south-west of 
Magerøy (Ramsay et al. 1979, Ramsay et al. 
1981). 

The emplacement of the Magerøy Nappe oc
curred during the Scandinavian Phase D l (An
dersen 1981). A thick zone of blastomylonites 
was developed from the already migmatized 
rocks of the Gjesvær Migmatite Complex. The 
thrusting took place at amphibolite facies meta
morphism, but at temperatures, in the thrust 
zone, below those required for partial melts to 
develop. At deeper structural levels in the mig
matite complex, where the thrust-related strains 
were lower, only a gentle folding and an associat
ed planar structure developed (Andersen 1979). 
Neosomal material was produced, and in several 
localities it intrudes along the planar structure. 
In most areas the fabric correlated to the Scandi
navian Phase D l is absent, and in such areas it is 
not possible to relate leucocratic veins and nebu
litic segregations directly to the Scandinavian 
P hase. 

The migmatites collected for this study are the 
typical relatively homogenous background mig
matites, and not the obvious late neosomal seg
regations described above. The mineralogy of 
these migmatites is quartz, plagioclase (An 26-
32), microcline, biotite, muscovite, garnet and 
accessory zircon, tourmaline, apatite and ilmeno
magnetite (Ramsay & Sturt 1976). The sampling 
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Table l. Whole rock analytical data from the Finnvik Granite. Table 2. Whole rock analytical data from the Gjesvær migma
tites. 

Sam p le Rb/Sr 87Rbi""Sr 87Srf"6sr 

PL 837 3,41 9,96±7 0,7698±2 
PL 847 3,48 10,11 ± 7 0,7712 ± 2 
PL 1137* 6,18 18,25 ± 13 0,8216 ± 2 
PL 1147 9,02 26,72 ± 19 0,8669± 5 
PL 1157* 3,43 10,04±7 0,7720 ± 2 
PL 1167 2,83 8,24± 7 0,7593 ±2 
PL 1177 3,29 9,63 ± 7 0,7686± 2 
PL 1187 2,77 8,13 ±6 0,7590 ± 2 
PL 1197 8,60 25,52 ± 18 0,8615 ± 5 

• omitted from isochron calculation 

was carried out away from the contact with the 
overlying Magerøy Nappe to test if the pro
nounced recrystallization of the blastomylonites 
in the thrust zone was an effect of a hot overrid
ing nappe, or whether it was a result of a regional 
geothermal gradient also affecting the basement 
at deeper levels below the thrust zone. The sam
ples were collected along a profile approximately 
350 m long on an island immediately north of the 
village of Gjesvær (Fig. 1). 

Analytical techniques 

A) Finnvik Granite (Table l) 

The Rb/Sr ratios were measured directly on two 
pellets of each sample on the Phillips pw 1410 
XRF spectrometer of the Institute of Petrology, 
University of Copenhagen. Errors (lo) were cal
culated from the counting statistics and from the 
differences between the standards used. GSP-1 
and G-2 were used as standards, and Rb/Sr ratios 
of 1.093 and 0.355 respectively were assigned to 
these standards. While measuring the Finnvik 
granite samples, the NBS-70A and NBS-607 k
feldspar standards were also analysed. Values of 
8.07 ± 6 and 8.02 ± 6 respectively were obtained. 
Unspiked measurements of the 87Srfl6Sr ratios 
were made using the Varian MAT TH-5 mass 
spectrometer of the Institute of Petrology, Uni
versity of Copenhagen. The 87Sr/86Sr ratios 
measured are corrected to a 87Sr/86Sr value for 
the Eimer and Amend SrC03 of O. 7080 normal
ized to a 88Sr/86Sr value of 8.3752. The errors 
quoted (lo) were calculated from a suite of 20 
double determinations (including the chemistry) 
carried out at the laboratory some time before 
the investigation. Ages were calculated using a 
decay constant of 1.42 X 10-11/year. All Rb/Sr 

Sample Rb 
GJ 26 195.4 
GJ 27 197.9 
GJ 28 191.4 
GJ 29 163.6 
GJ 30 192.2 
GJ 32 159.3 
GJ 33 166.7 
GJ 34 172.5 
GJ 35 191.2 
GJ 36 183.3 
GJ 37 169.8 
GJ 38 201.5 
GJ 39 162.5 
GJ 40 179.5 

Sr 
140.1 
137.8 
134.3 
125.5 
135.2 
145.8 
140.0 
143.8 
140.3 
139.0 
133.9 
136.4 
138.6 
146.5 

87Rbi"6Sr 
4.062 
4.183 
4.154 
3.827 
4.144 
3.180 
3.449 
3.495 
3.971 
3.947 
3.694 
4.306 
3.415 
3.722 

87Srf"6sr SE 
0.77850 ± 0.00006 
0.77915 ± 0.()()()()5 
0.77886 ± 0.00006 
0.77704 ± 0.()()()()5 
0.77911 ± 0.00018 
0.77310 ± 0.00016 
0.77486 ± 0.00009 
0.77507 ± 0.00009 
0.77798 ± 0.00007 
0.77775 ± 0.()()()()8 
o. 77618 ± 0.00009 
0.77946 ± 0.00011 
0.77478 ± 0.00009 
o. 77656 ± 0.00009 

Rb Sr 87Rb/86Sr 87Sri""Sr* 
180.5 137.9 3.813 0.77696 

• obtained by substituting 87Rb/86Sr value into the equation 
that defines the isochron. 

ages quoted in this paper have been recalculated 
to this decay constant. Errors in age and initial 
ratio (LR.) are given at the 2o level. 

B) The Gjesvær Migmatite Complex 
(Table 2) · 

Rb/Sr ratios were determined directly (Geologi
cal Museum, Oslo) by an XRF method using 
Compton top matrix correction. Unspiked meas
urements of the 87Sr/86Sr ratios were made. Vari
able mass discrimination was corrected by nor
malizing the 88Sr/86Sr to 8.3752. Mass specto
metry was performed on a VG Micromass MS 30 
(Geological Museum, Oslo) using procedures 
similar to those described by Pankhurst & 
O'Nions (1973). The data have been regressed 
by the technique of York (1969). In assigning 
errors to the data points, the coefficient of vari
ation is taken as l % for the 87Rb/Sr ratios; the 
within-run errors for the 87Sr/86Sr measurements 
are given in Table 2 (lo standard error of mean). 

Results 

A) The Finnvik Granite (Fig. 2) 

The regression of all 9 samples from the Finnvik 
Granite gives a line which corresponds to the age 
417 ±6 m.y. with an initial 87S�6Sr ratio of 
0.7110 ± 0.0010. The high MSWD value of 3.9 
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shows that the scatter around this line is higher 
than that which can be assigned to analytical 
errors alone. 

The exact significance of the deduced age can
not therefore be ascertained unless we know the 
geological reason for this scatter. In the present 
case we propose that the scatter is due to a part 
opening of the total rock system during the Scan
dinavian phase D-2, or possibly during the move
ments along the Magerøysundet Fault (Andersen 
& White, in press), and that this (these) later 
event(s) caused some of the samples to fall off 
the original isochron. If the samples PL 1137 and 
PL 1157 which caused the high MSWD value are 
excluded from the regression analysis, the re
maining 7 samples define an isochron (MSWD 
1.2) that corresponds to an age of 411 ± 7 m.y. 
with an I.R. of 0.7116 ± 0.0010. We regard this 
as the best age estimate for the Finnvik Granite. 
An alternative interpretation could be that the 
two samples bad a different I.R., in which case 
the age 417 ± 6 m.y. would be the best estimate. 

B) The Gjesvær Migmatite Complex (Fig. 3) 

A regression analysis of the 14 samples from this 
complex gives an isochron which corresponds to 
an age of 410 ± 28 m.y. with a high LR. of 
O. 75472 ± 0.0015. This age is regarded as the 
final event of rnigmatization. However, from the 
geological evidence as argued above, it is clear 
that the complex has experienced a protracted 
tectono-metamorphic history, including anatexis, 
prior to the final event of Scandinavian phase 
age. The MSWD value of 0.35 shows that the 
scatter can be assigned to analytical errors, which 
means that the Scandinavian phase regional 
metamorphism caused complete homogenization 
of Rb-Sb isotopes. The samples from localities 
several hundred metres apart indicate that the 
re-setting in the Gjesvær Migmatite Complex oc
curred on a regional scale. 

The high LR. shows that the protolith to the 
Gjesvær Migmatite Complex has a protracted 
crustal history prior to the final isotope homog
enization. A sedimentary origin of the. migma
tites has been argued above, and the para
gneisses of the complex have been lithostratigra
phically correlated with the Klubben Psammite 
Group (see page 81). The Rb/Sr data do not 
allow us to comment on the time of sedi
mentation. However, by assuming an LR. of 
O. 704 - a realistic man tie value in the actual case 
- the 87Sr/86Sr value of the Gjesvær Migmatite 

Rb-Sr whole rock ages, Magerøy 83 

11Sr/Hsr GJESV.ER MIGMATITE COMPLEX 

At•' "0!21m.y.!2ol 

M.S.W.O. 0,3� 

Fig. 2. Rb-Sr isochron plot for the Finnvik Granite. Samples 
1137 and 1157 not included in the isochron calculation. Error
bars indicate 2o errors. 

FINNVIK GRANITE 

A!iJe 411!7m.y.12ol 
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Fig. 3. Rb-Sr isochron plot for the Gjesvær Migmatite Com
plex Errorbars indicate 2o errors. 

Complex gives a model age of 1335 m.y. This 
indicates that at !east some of the provenance 
rocks for the sedimentary protolith to the 
Gjesvær Migmatite Complex could have been of 
old Precambrian age. 

Discussion 

It has been argued that the intrusion of the Finn
vik Granite coincides with the peak of the Scan
dinavian Phase metamorphism in the northern
most segment of the Scandinavian Caledonides. 
The granite cuts folded lower Llandoverian stra
ta and this brackets the age for the onset of the 
Scandinavian Phase orogenic deformation in Ma
gerøy. In the Sagelvvatn area of north Troms a 
shelly fauna of upper Llandovery age has been 
recognized within the metamorphic allochthon 
(Bjørlykke & Olaussen 1981) and gives the mini
mum stratigraphic constraint of the Scandinavian 
Phase deformation recognized until now in the 
.Scandinavian Caledonides. In the Seve-Køli 
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complex of Sweden, the Trondheim region and 
in the West-Norwegian Caledonides, lower Llan
doverian faunas give maximum ages for the 
Scandinavian Phase (Gee & Wilson 1974, Gee 
1978, Roberts 1978 , Ryan & Skevington 1976, 
Thon 1981). In many of these areas the fossilifer
ous strata are overlain by considerable sedimen
tary sequences, so it seems plausible that an 
upper Llandovery age as indicated in the Sagelv
vatn area marks the minimum stratigraphic con
straint to the Scandinavian Phase of the Caledo
nian Orogeny. An upper constraint to this phase 
is given by the Old Red Sandstone sediments of 
Trøndelag which possibly extend down into the 
Ludlovian (Siedlecka 1975). 

The Rb-Sr whole rock isochron from late dif
ferentiates in the Fangen-Hyllingen intrusion in 
the Trondheim region ( 405 ± 9) provide an im
portant time marker for the Scandinavian Phase 
as both the intrusion and its envelope suffered 
deformation prior to the deposition of the lower 
Devonian sediments of Røragen (Wilson 1981). 
The Vilasund Granite ( 435 ± 6) was previously 
regarded as representing an important marker 
for the age of the Scandinavian Phase, as it was 
thought to cut lower Llandoverian rocks (Gee 
& Wilson 1974). The same authors (pers. 
comm. in Gale et al. 1979), however, now state 
that a tectonic discontinuity separates the granite 
and its envelope from the fossiliferous sequence. 
It is thus possible that it represents a post-Finn
markian Phase- pre-Scandinavian Phase pluton, 
and consequently has been intruded in this peri
od (Ordovician) which one now realizes to be 
important for widespread acidic igneous activity 
(Ryan & Sturt 1981). Rb-Sr whole rock dating of 
syntectonic Scandinavian Phase granites is rela
tively sparse but the granites from which geo
chronological data exist fall within the same age 
pattems as the date presently presented from 
Magerøy. 

From the Sulitjelma area of central North Nor
way, Wilson (1981) reports three Rb-Sr whole rock 
isochrons of 424 ± 11, 418 ± 14 and 422 ± 8 m.y. 
These are from post-D l pre-D 2 granites, and 
they have been intruded after thrusting which 
affects fossiliferous rocks of probable upper Or
dovician age. A comparison between ages from 
Magerøy and Sulitjelma indicates a diachronism 
of the Scandinavian Phase, with slightly higher 
ages of the syn-tectonic plutons and dykes from 
the Sulitjelma area. Some overlap exists, howev
er, and further carefully designed studies would 
be required in order to substantiate this sugges-
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tion. The Bindal Granite with an age of 413 ± 26 
m.y. (Priem et al. 1975) falls within the same age 
group, but with such an error that it is not possi
ble to point to any diachronism with respect to 
the belt length development of the Scandinavian 
P hase. 

On the basis of the stratigraphical arguments 
from within the metamorphic allochthon, the age 
of the tectono-metamorphic cycle of the Scandi
navian Phase can be bracketed to a Wenlockian
Ludlovian age, in general agreement with the 
conclusions of Gee & Wilson (1974). Indepen
dent support for this is that in the Caledonian 
foreland sequence of the Oslo region, the wide
spread sedimentation of continental sandstones 
starts in the upper Wenlock (graptolite zone M. 
ludensis), and has traditionally been regarded to 
be a sedimentary response to a rising mountain 
belt to the west. 

Conclusions 

The Finnvik Granite of northemmost Norway 
was emplaced at 411 ± 7 m.y., and cuts folded 
rocks of lower Llandovery age. The granite is 
syn-orogenic, intruded between D l and D 2, 
and at the maximum of the Scandinavian Phase 
regional metamorphism. The metamorphism af
fects the pre-Scandinavian Phase basement 
(Finnmarkian ?) onto which the Magerøy Nappe 
was emplaced. This resulted, in Magerøy, in iso
tope homogenization and the re-setting of 
the Rb-Sr radiometric clock at 410 ± 28 m.y. 
The Finnvik Granite occupies a critical position 
for the da ting of the Scandinavian Phase regional 
metamorphism. 

The biostratigraphy from within the metamor
phic allochthon indicates a Wenlockian to Ludlo
vian age for the Scandinavian Phase of the Cale
donian Orogeny. The new radiometric dates pre
sented are in relatively good accordance with the 
numerical calibration of the lower Palaeozoic 
timescale by Ross et al. (1978), and also with the 
compromise timescale suggested by Gale et al. 
(1980). 
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