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Geochronological data are presented for a variety of rock-types from a large area of Nordland. An early
to mid-Proterozoic age (1800-1650 m. y. ) is confirmed for the granite-gneiss basement culminations. The
}fomblendic Rock of the Meløy Group has a maximum age of 758 m.y. (Precambrian). This age is at
variance with data from the Meløy Group kyanite-schists which show evidence of a mid - Proterozoic
event (1360-1038 m. y. ). Consequently the boundary between the two groups is interpreted as a major
tectonic break within the Meløy Group. The calc-alkaline rocks of the Harefjell Gneissic Group were
intruded into the Beiarn Nappe during Cambro-Silurian times (529-411 m. y. ). This and other evidence
indicates that the Beiarn Nappe is older than previous1y supposed.
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Geological framework and previous
research

that the structural sucession was also stratig
raphic. They proposed that the Harefjell gneis
ses and Sokumfjell marbles belonged to an F 1

Samples were collected from part of the western
coastal region of northern Norway between 40

nappe, the Beiarn Nappe. This nappe also in
cluded the Sundsfjord Group which was earlier
considered as part of the Meløy Group. The
succession was thus considered to comprise a
granitic basement with a sedimentary cover
(Meløy Group) in turn overlain by the rocks of
the Beiarn Nappe. Rutland & Nicholson (1965)
originally considered the Beiarn Nappe to be

km and 90 km south of BodØ and just north of the
Arctic Circle. The geology of this area was
briefly covered in memoirs accompanying the

1:250,000 geological maps Salta (Rekstad 1929)
and Rana (Holmsen 1932), but the first detailed
work was carried out by a group from University
College, London. A series of research papers
and theses was produced which enabled the
construction of a fairly comprehensive picture of
the stratigraphy and tectonic history of the
whole region (Fig. 1).
The general pattern of the geology was de
scribed in three papers presented to the Nordic
International Geological Congress in 1960 (Ack
ermann et al., Hollingworth et al., Rutland et
al.). A structural sucession was established

equivalent to the ROdingsfjiill Nappe, but they

Ta ble l. The structural succession in N. W. Rana (from Acker
man et al. 1960, Hollingworth et al. 1960, Rutland et al. 1960).

VEGDAL GROUP- pelitic schists
this study)
HAREFJELL GNEISSIC GROUP

SOKUMFJELL MARBLE GROUP

folding was ascribed to two phases (Rutland

pure and impure marbles with sub

Wells & Bradshaw 1970).
In a broad regional synthesis of a large area of
Nordland, Rutland & Nicholson (1965) ques

tioned the statement ofHollingworth et al. (1960)
7-

Norsk Geologisk Tidssk.r. 2/81

ORDOVICIAN?

massive and schistose dioritic and

(Table l) which by correlation with the Oppdal
region of southern Norway was also considered
to have stratigraphic significance. At first the

1958), but later three periods were recognised
(Holmes 1960, 1966; Rutland & Nicholson 1965;

ORDOVICIAN?

(to the east of the area covered in

quartz-monzonitic gneisses of
presumed volcanic origin
ORDOVICIAN?

ordinate pelitic and quartzite bands
MELØY GROUP- Upper: pelitic
schists with subordinate calc-schists
and marbles

EOCAMBRIAN
or
CAMBRIAN

Lower: semi-pelites and psammites
GLOMFJORD GRANITE-GNEISS

PRECAMBRIAN
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/. Simplified geological map of the area showing sketch geology of area with group names (after Ackermann 1960, Holmes
1960, Rutland 1958, Walton 1959, Wells & Bradshaw 1970).
Abbreviations: D. Djupvildjell, G. Grimstadskaret, H. Horntind, Hk. Høgnakken, Hs. Høgstjerna, K. Kunna, Ro. Ronetind,

Fig.

RR. Rortind, S. Sundsfjord, Sk. Skavoldbukta, SR. Skråven, SØR. Sørfinset.

revised this opinion in 1969 (Nicholson & Rut
land) when it was proposed - on the basis of
evidence from the Fauske region - that the
former was in fact at a structurally higher leve!
than the latter. Wells & Bradshaw (1970) consi
dered that the Meløy Group was a composite
unit ofF 1 nappes rather than a parautochthonous
succcession as Rutland & Nicholson (1965) had
suggested.
The only important geochronological work in
the area was published during the early 1970's.
Wilson (1972) reported one Rb-Sr and six K-Ar
mineral ages from biotites and hornblendes from
the Glomfjord and Harefjell gneisses. The dates
ranged from 468 m.y. to 350 m.y. Wilson &
Nicholson (1973) presented a twelve-point Rb-Sr
whole-rock isochron from the Glomfjord granite
gneiss. A date of 1689±71 m.y. was obtained
with an initial 87Srf86Sr ratio of O. 705±0.003.

This value confirmed the hypothesis of Holling
worth et al. (1960) that the granite-gneiss body
represented Precambrian basement.
Rb-Sr geochronological data from the base
ment granite-gneisses, the MelØy Group, and the
Harefjell dioritic gneisses are presented (Appen
dix l) and discussed in this paper.

The basement granite-gneisses
.The granite.-gneiss bodies are divisible into two
groups based upon their mode of occuiTence:
i) The Bjellatind and Glomfjord masses Iie in the
cores of anticlinal domes (Rutland et al. 1960).
The contacts between the masses and their
metasedimentary envelopes are sharp, and the
banding and schistosity in each are concordant.
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Fig. 2. Whole-rock Rb-Sr plot of

analytical data for the Bjellatind
granite-gneiss.
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Rutland et al. (1960) were of the opinion that the
contacts did not show an original sedimentary
relationship.
The Bjellatind mass is essentially a homo
geneous pale-pink to grey, well foliated, micro
cline-granite containing some pegmatite bodies.
Six whole-rock samples were analysed, and five
of them define the isochron shown in Fig. 2
which indicates a date of 1749±53 m.y. and an
initial 87Srf!6Sr ratio of O. 704±0.002. Sample 239
was not included because it has a much greater
87Rbf!6Sr ratio than the other five points, so that it
would exert complete control on the fitting of the
line. (If 239 is included, the date and initial ratio
are 1695±92 m.y. and 0.705±0.003 respective
ly.) A value of 4.12 for the mean squares of the
weighted deviates (MSWD) of the five-point
isochron indicates a scatter about the line be
cause of geological reasons as well as ex
perimental error.
The Glomfjord mass is much more in
homogeneous containing not only Bjellatind
type microcline-gneisses but also a wide range of
rock-types including amphibole-rich varieties

2 o

3·0

4·0

and amphibole-biotite schists. Rutland et al.
(1960) recognised an outer zone running through
Eidbukta and Spilderhesten which comprised
pink adamellitic gneisses. The foliation in these
rocks is not as well developed as that in the
central part. Analyses of thirteen whole-rock
samples from both the ioner and outer zones of
the mass define the linear array illustrated inFig.
3 which indicates a date of 1747±86 m.y. with
an initial 87Srf!6Sr ratio of O. 704±0.001.
The value of 22.85 for the MSWD is high, but,
as the mass is heterogeneous and probably con
tains rocks with both igneous and sedimentary
protoliths, it is not unreasonable to expect some
variation in initial ratio which would not be
eliminated without complete melting of the body
(Roddick & Compston 1976). The date and initial
ratio fall within error of the va1ues for the
Bjellatind mass and are therefore considered to
be geologically reasonable. An earlier deter
mination on twelve whole-rock samples from the
ioner zones of the Glomfjord body (Wilson &
Nicholson 1973) produced a hetter quality
isochron (MSWD approx. 6.5), giving a date of
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1689±7 1 m.y. and an initial 87Sr/86Sr ratio of
O. 705±0.003 which compares favourably, with
in error, with the values given above.
ii) The second variety of granite-gneiss body is
represented by the outcrops around Kunna,
Horntind, Skråven, and Grimstadskaret (hereaf
ter termed the Skjeggen body). The main rock
type of this body is a pink to red microcline
gneiss, whlch appears to be unfoliated mainly
because of the low biotite content of many
samples. A subsidiary grey foliated gneiss is
present on Skråven and on the eastern coast of
Kunna. Analytic% data from eleven samples are
plotted on Fig. 4.
A ten-point whole-rock linear array (MSWD
=

1 1.9) defines a date of 1822±70 m.y. and an
6
87
initial Srf8 Sr ratio of 0.702±0.002. Two sam
ples from Kunna were not used when fitting the

3.

Whole-rock Rb-Sr plot of

analytical data for the Glomfjord
granite-gneisses.

259 plots well below the line defined by the
remainder of the samples and is rejected as
representing the result of local disturbance of
Rb-Sr whole-rock systems at a later date. The
date and initial ratio of the Skjeggen body are
comparable, within error, with those determined
for the Bjellatind and Glomfjord bodies.

The Meløy Group
The rocks of the Meløy Group comprise a series
of psammitic and pelitic schists, amphibolites,
gneisses, and marbles all of which have been
subjected to amphibolite-facies metamorphism.
The group has been mapped in detail in the area
coven!d by Cribb ( 1979), but correlation be
tween areas proved diffic�lt. because different
authors used differing .descriptive terms for
apparently similar rock-types. The horizons

line. Sample 260 (not shown on the figure) has an
87
6
Rbf8 Sr value of 18.958, much greater than the

selected for study were chosen bearing in mind

other points, and if used uniquely controls the
fitting of the line. The array including 260 defines
86
a date of 1787±77 m.y.·and an initial 87Srf Sr

al usefulness, the ease of identification and the
accessibility of fresh unweathered material. Rb
Sr data are presented for the biotite-hornblende

ratio of 0.703±0.002 (MSWD= 18.7). Sample

gneisses and kyanite-schists of the Sørfinset area

their potential geochemical and geochronologic
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4. Whole-rock Rb-Sr plot of analytical data for the Skjeggen granite-gneiss body.

(Wells & Bradshaw 1970) which are well ex
posed on the new Skavollbukta to Sundsfjord
road, and the dioritic gneisses which outcrop to
the east of Ørnes (Holmes 1960, 1968). Cribb
(1979) has shown that, on chemical, petrological
and structural grounds, the biotite-homblende
gneisses and the dioritic gneisses may be re
garded as equivalent and in this paper are dealt
with together as the Homblendic Rock, an ori
ginal field term used by Wells & Bradshaw
(1970).
i) Hornblendic Rock: the similarity of the isoto
pic composition of all the samples of this rock
type means that the points do not define a linear
array but plot on an isochron diagram as a tight
duster. However, it is possible to make esti
mates of the maximum age of specimens pro
vided that a geologically plausible initial 87Sr/86Sr
ratio is assumed. The rocks are calc-alkaline in
composition (Cribb 1979), and Holmes (1960)
suggested that they originated either as extrusive
igneous rocks or as tuffaceous material. At the
present day, rocks of similar character are
associated with the volcanism related to de-

·

scending plate margins and in particular the
island-are situation. Dickinson (1970) quoted a
mean 87SrJ86Sr ratio of 0.7037 ± 0.0003 for
andesitic suites from the Marianas, New Britain,
the Izu Islands, the Cascade Range, and Central
America. However this value concems present
day suites and is likely to be higher than the
initial ratios of suites which originated during
late Precambrian to Lower Palaeozoic times.
Consequently it is considered that the minimum
value may have been as low as 0.7025. The low
87RbJ86Sr and present day 87SrJ86Sr ratios indi
cate t!t�t, unless the Hornblendic Rock is unex
pectedly young, crustal contamination has not
contributed to the initial 87SrJ86Sr ratio. There
fore a value of O. 7025 was used as a reasonable
minimum initial ratio in calculations to obtain a
maximum possible value for the age of the
Hornblendic Rock.
Dates were calculated for seventeen samples
and the values have a mean of 680 m.y. and
range from 758 m.y. to 623 m.y. Therefore it is
concluded that the precursors of the Hornblen
dic Rock did not originate before late Precam
brian times.

S. J. Cribb
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age of diagenesis and this suggests that on a
small scale the initial 87Sr/86Sr ratios are uniform.
The ratio will be high or low depending upon the
0630

0·77

amount of radiogenic strontium present in the
source

material.

Therefore

in

the

case

of

metasedimentary rocks meaningful results may
o

only be produced if samples are collected from
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the same unit and in close proximity to each
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schist from two outcrops on Skavoldknubben
are presented in Fig. 5.
The analyses of 647, 648, and 649 define an
isochron (MSWD

3.14), indicating a date of
ll99± 161 m.y. and an initial 87Sr/86Sr ratio of
0.707 0.003. Samples 630 to 637 were collected
250 m north-east of the other samples and at first
=

sight the analyses appear to scatter. However, in
hand-specimen, samples 630, 631, and 637 differ
from the remainder and show the development
of quartz segregations and very little garnet. It is
reasonable to suppose that these samples may
have had differing initial ratios from the remain
der and/or were more susceptible to the effects

1 o

2

of later disturbance. The tight grouping of sam
ples 632-636 results in a poorly fitting line, but it
is important to note that they form an array that
o

3 o

Fig. 5. Whole-rock Rb-Sr plot of analytical data for the

kyanite-schists. The line shown is that defined by samples
647, 648 and 649.

ii) Kyanite-schists: published data concerning
the Rb-Sr systematics of metasedimentary rocks
are sparse, but it has been shown that geological
ly meaningful linear arrays can be produced
provided that particular constraints are adhered
to (Bickerman et al. 1975, Brook et al. 1977,
Råheim & Compston 1977). The work of Dasch

(1969) on deep-sea sediments indicated that on a
regional scale there may be variation in the initial
87Srf86Sr ratios. Furthermore, in a study of
banded paragneisses from the Grenville Pro
vince, Krogh & Davis (1973) showed that isoto

is co-linear with the one defined by samples

647-649. Together they define an isochron
(MSWD 33.03), indicating a date of 1216± 195
m.y. and an initial 87Sr/86Sr ratio of 0.706±
=

0.004. The date defined by samp1es 647-649
indicates that strontium isotope homogenisation
took place between 1360 m.y. and 1038 m.y. The
initial ratio is comparatively low and thus the
date may represent the age of diagenesis of the
precursors of the kyanite-schists. However,

Taylor (pers. comm.) considers that during the
metamorphism of sediments with a large clay
mineral content there would be sufficient water
moving through the rocks to enable isotopic
homogenisation to occur. Consequently, in the
absence of further evidence, it is not possible to
ascertain the nature of the event which resulted
in isotopic homogenisation of the kyanite
schists.

pic and chemical equilibration did not occur
even over distances of a few centimetres during
amphibolite-facies metamorphism. Consequent
ly it is improbable that any regional variations

The Harefjell Dioritic gneisses

would be smoothed out without complete mett

The Harefjell Dioritic gneisses are structurally

ing and homogenisation. However, it is possible

the highest group in the area under consideration

to obtain isochrons from fine-grained sediments

lying in the core of a synformal structure termed
the Beiarn Nappe (Rutland & Nicholson 1965).

(Moorbath 1969; Pringle 1973) which indicate the

Rb-Sr geochronology, Caledonides, north Norway
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Rutland (1958) recognised four major rock-types

of 495±14 m.y. and an initial 87Sr/86Sr ratio of

within the group: massive dioritic gneiss, foli
ated dioritic gneiss, quartz-monzonitic gneiss,
and granite. The latter occurs as networks and
veins which cut across both the Harefjell Group
and the underlying metasediments and are clear
ly post-tectonic. The construction of the coast
road eastwards from Sundsfjord and an abund
ance of new tracks on the plateau west of
Sokumvatn allowed the collection of fresh sped
mens of the first three rock-types over a wide

0.7094±0.0006.
Three specimens of the foliated dioritic gneiss
were analysed and the resulting data define an
isochron (MSWD 0.59), indicating a date of
470±59 m.y. and an initial ratio of 0.7080±
0.0008 (figure 7).
The date and initial ratio of the two groups
overlap within the error of the determinations. It
is unlikely that isotopic homogenisation would
=

area. Cribb (1979) has shown that the massive

occur during amphibolite- facies metamorphism
of meta-igneous rocks (Krogh & Davis 1973) and

dioritic gneisses are younger than the foliated
dioritic gneisses and the quartz-monzonitic

consequently the dates are considered to repre
sent the age of crystallisation of the bodies. The

gneisses. Furthermore, there is evidence (Rut

initial ratios are higher than normal values
quoted for intermediate rocks and may reflect an
amount of crustal contamination during intru

land 1958) that the foliated dioritic gneisses are
intruded by the latter.
Analyses of eight samples of the quartz-mon
zonitic gneiss define the isochron (MSWD
2.29) illustrated in Fig. 6 which indicates a date
=

sion. Four samples of the massive dioritic gneiss
were analysed but the data do not define a linear
array.
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Fig.

Conclusions and regional synthesis
In this section the data presented in preceding
sections will be discussed in the light of previous
work in N. W. Rana, and the conclusions drawn
will be related to the present knowledge of the
north Norwegian Caledonides as a whole.
The basement granite-gneiss bodies give dates
within the range 1800-1650 m.y.; values which
are comparable with those obtained from base
ment rocks throughout northern Norway. On
chemical and chronological grounds it is reason
able to accept the proposed genetic relationship
between the granite-gneisses and the Lofoten
Vesterålen mangerites (Malm & Ormaasen 1978,
Taylor & Griffin pers. comm.) and/or theFinnish
rapakivi granites (Cooper 1978), though conclu
sive evidence is lacking. It is possible that the
dates from the gneisses indicate the age of
isotopic homogenisation resulting· from high
grade metamorphism of pre-existing crustal
material, though initial 87Sr/86Sr values indicate
that such rocks would have bad only a limited
(100-200 m.y.) pre-metamorphic history. The
author feels that the term 'Caledonised', which
is frequently used to describe the granite-gneis
ses, should not be used because it suggests that
the major features of the bodies are solely the
result of the Caledonian orogeny. Certainly the
range of mineral dates (Wilson 1972) testifies to
the involvement in Caledonian events but clearly

the whole-rock systematics have not been
affected since mid-Svecofennian times. Similar
ly, although many of the structural features
within the granites are relatable to Palaeozoic
events, it is probable that detailed mapping of
the bodies will show evidence of Precambrian
tectonism.
The conventional interpretation of the struc
ture of the strata above the basement culmina
tions is of a series of fold or thrust nappes which
root to the west and have travelled eastwards
(Rutland & Nicholson 1965; Nicholson & Rut
land 1969; Binns 1978; Gustavson 1978). The
lowest nappe occurs in the east (near the Inter
national border) and is thrust over the Precam
brian crystalline basement of the Baltic Shield
with its thin Lower Cambrian autochthonous
cover. The highest nappes, which also show the
highest metamorphic grade, outcrop in the west
ern coastal areas of Nordland and it is with these
that this paper is concerned.Fossils of probable
mid-Ordovician age have been found in the
greenschist facies Koli part of the Seve-Koli
nappe complex, but otherwise there is no indica
tion of age in any of the nappes. Many authors
make correlations with the comparatively better
known areas in southern Norway, for example,
Oppdal (Hollingworth et al. 1960), and conclude
that the original sediments are generally of Cam
bro-Silurian age with the possibility of the
occurrence of equivalents to the Eocambrian
Sparagmites.
In N.W. Rana structurally the lowest strata
above the basement gneisses are the rocks of the
Meløy Group, interpreted by Wells & Bradshaw
(1970) as a series ofF1 nappes. The late Precam
brian maximum age of the metavolcanic Horn
blendic Rock is particularly inte.-esting when
compared with data from the kyanite-schists
with which they are closely related spatially. The
latter suffered an isotopic homogenisation event
(diagenetic or metamorphic) within the period
136�1038 m.y. prior to the formation of the
precursors of the Hornblendic Rock. There are
two possible explanations for this discrepancy.
Firstly the Hornblendic Rock could be a con
formable intrusion into the Meløy Group at a
later date, though field evidence makes this
possibility unlikely (Bradshaw pers. comm.).
Secondly it is possible that there is a major
tectonic break in the Meløy succession situated
between the Hornblendic Rock and the kyanite
schists. Wells & Bradshaw (1970) do recognise
that all the boundaries within the MelØy Group

NORSK GEOLOGISK TIDSSKRIFT 2 (1981)
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are tectonic to some extent. This hypothesis
necessitates the division of the Meløy Group, as
originally described, into two groups of widely
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m.y. (Brook et al. 1977). These, like the Meløy
Group, have been correlated with the Eocam
brian Sparagmites.

differing ages: a lower group comprising defini

The rocks which make up the Beiarn Nappe

tely Precambrian strata and an upper group that
could not have originated before late Precambrian

(Rutland & Nicholson 1965) Iie in the east of the

times. Whilst this second possibility involves a
more extreme reinterpretation of the Meløy
Group, further evidence in support of the
hypothesis is the presence of ultramafic bodies
of Sagvanditic type in the region of the boundary
between the Hornblendic Rock and the kyanite
schists. These are well seen near Torsvik (Cribb
in prep.) and on the slopes of Middagshaugen
(Bradshaw pers. comm.). In a review paper on
Norwegian ultramafic rocks, Moore & Quale
(1977) suggested that the strata within which
occur,
bodies
carbonate-orthopyroxenite
although previously believed to be of lower
Palaeozoic age, may prove to be Precambrian.

region under discussion and are structurally
higher than the MelØy Group. As will be discus
sed later, the Beiarn Nappe is generally consi
dered to be the highest nappe unit in Nordland.
Three rock-groups have been identified in the
Nappe and they are, in structurally ascending
order, the Venset Gneisses, the Sokumfjell Mar
ble Group, and the Harefjell Dioritic Gneisses.
The Sundsfjord Group, on the western boundary
of the nappe, has been correlated with the Ven
set Gneisses to the east (Cooper 1978, Cribb

1979). During the present project no isotopic
analyses were made on rocks of the Sundsfjord
Group, but Styles (1978) quotes a Rb-Sr whole
rock date of 856± 61 m.y. from the Venset

The MelØy Group is clearly such a case.

Gneisses (Stabbursdal Group) of the Beiarn

Various suggestions have been made concern
ing the regional structural position of the Meløy
Group as a whole. Nicholson & Rutland (1969)
proposed a correlation with the Juron Quartzite
of the Seve-Koli nappe complex, whilst Gustav
son (1978) prefers equivalence with strata in the
structurally lower Abisko Nappe. Rutland &
Nicholson (1965) reinforced by Bradshaw (pers.
comm.) correlate the Gildeskål Marbles (Upper

area. The date is considered to represent the age
of an isotopic homogenisation event ascribable
to high-grade metamorphism. Consequently it is
clear that at !east some of the metasediments
within the Beiarn Nappe have Proterozoic rather
than Lower Palaeozoic origins. Rutland &
Nicholson (1965) placed the calc-alkaline Haref
jell Dioritic Gneisses within the Beiarn Nappe,

MelØy Group) of the Sørfinset region with the

but from the evidence elsewhere (Cribb 1979)
and a consideration of the radiometric age data it

Fauske Marbles around Saltfjord. These in turn
may be related to the marbles of the Dunder

is more likely that they were intruded into the
nappe during upper Cambrian to Silurian times

lands Group south of Svartisen (Gjelle 1978).

(529-411 m.y.). This age range indicates a mini

Cooper (1978) considers that the Fauske Marbles
form part of a structurally high nappe, the
Fauske Nappe. Thus if the correlation between
the Gildeskål and Fauske Marbles is correct,
then the Upper Meløy Group in the present area
represents the Fauske Nappe. Another forma
tion within this nappe in the Sørfolda area, north
and west of Fauske, is the Holstad Schist,
representatives of which have not been identi
fied in the Sørfinset area (Bradshaw pers.
comm.). Styles (1974) correlates the Harodal

mum age for the Sokumfjell Marble Group.
Gustavson (1978) suggests that the Beiarn
Nappe may be correlated with the Helgeland
Nappe complex to the south, though he con
cludes that a major problem is that while the
former is ascribed to F 1 the latter is a late post-F2
structure. A correlation has also been suggested
with the Niingen Group of the South Troms
Ofoten area (Gustavson 1978) and the upper part
of the Tromsø Nappe Complex (Binns 1978),
though again their emplacement is assumed to be

Group with the Holstad Schists and presents

later than that of the Beiarn Nappe. Calc-alka

(1978) a Rb-Sr whole-rock data of 555± 53 m.y.

line intrusives of similar age to the Harefjell
Gneissic Group have not been described from

from the former. Although the nature of the
event to which this date refers is not discussed, it
is tantalisingly close to the range of possible ages
of the Homblendic Rock. Finally it is intriguing
to note that horizons within the Moinian of
northem Scotland show evidence of involve
ment in a mid-Proterozoic event around 1000

elsewhere in Nordland, but it is interesting that
the basic and alkaline intrusives of the Seiland
lgneous Province were introduced during the
middle to late Cambrian (Sturt et al. 1978).
However it would be premature to suggest a
correlation between the two areas.
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Fig. 8. The chronology of events in !'l· W. Rana.

In the Beiarn area the Beiarn Nappe is over
lain by the enigmatic Vegdal Group (Rutland &

pelites of the Beiarn Nappe and the Meløy
Nappe which show the development of sillima

pes and has been metamorphosed mainly to

nite and kyanite respectively.
In summary there are two important points
which must be emphasized. Firstly there is

greenschist facies but locally to amphibolite

strong evidence that some of the Nordland nap

facies. Styles (1978) determined a date of 656±

pes are composed of Precambrian strata which

29 m.y. which Taylor (pers. comm.) considers to
be a diagenetic age. Thus there is evidence to
suggest that this group also is of Precambrian
age.
Figure 8 is a compilation of the conclusions
presented in this discussion and shows the sug
gested chronology of the events in N. W. Rana.
The two fold phases recognised by Rutland
(1958) are easily correlated with the F2 and F3 of
Holmes (1960, 1966), Rutland & Nicholson
(1965), and Wells & Bradshaw (1970). The last
three authors relate nappe emplacement to F 1 ,

have been affected by Precambrian metamorphic
events. Secondly it appears that the effects of
the late Caledonian orogeny are not as signifi
cant in the present area as was previously be
lieved. The latt� conclusion was also drawn by
Griffin et al. (1978) when erecting a chronology
of events in the Lofoten-Vesterålen area.

Nicholson 1965, Styles 1974). This group cannot
be correlated with rock-groups in adjacent nap

an event which must have occurred after the
formation of the U pper MelØy Hornblendic
Rock (max. 758 m.y.) and prior to F2 (min.
Silurian).
Mid-Proterozoic
metamorphism
affected the Venset Gneisses and possibly parts
of the Meløy Group. The metamorphic grade of
the Precambrian Vegdal Group is mainly in the
greenschist facies, whereas the underlying strata
show amphibolite-facies assemblages. Conse
quently it is likely that the Vegdal Oroup was

Analytical methods
All analyses were made at the Mineralogical
Geological Museum in Oslo. Rubidium and
strontium were determined using a modified
Philips 1410 manual spectrometer. Strontium
samples for mass spectrometric analysis were
prepared by conventional ion exchange techni
ques involving dissolution of the sample in an
HF/HN03 mixture, loading into a Dowex-50 ion
exchange column and elution with 2.5 M HCI. A

metamorphosed before emplacement to its pre

detailed description of the techniques is given by
Pankhurst and O'Nions (1973). Isotopic analyses
were made on a V. G. Micromass 30, 12 inch, 90o

sent position. A similar argument applies to the

sector, solid source mass-spectrometer. Rb-Sr
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isochrons were fitted b y the method of York
(1969) using program ISOCH designed and ex
tended b y B. Sundvoll in Oslo. All the dates
quoted are calculated or recalculated with A 87Rb
1.42 x 10-11/yr (Steiger & Jager 1977).
=
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Isotopic analyses

Appendix l.

87Srf!6Sr values normalised to 86Srf!8Sr 0. 1194
Errors are quoted at 95% confidence leve!.
The 2-sigma error on the 87Rbf!6Sr ratios is estimated as 2%
=

Rbppm

Srppm

234
235
236
237
238
239

205
165
218
179
189
279

Ill
404

214
217
218
219
242
243
245
247
248
249
263
266
268
201
102
203
204
205
206
207
231
250
259
260
. 270

87Rb!"6Sr

87Sr!"6Sr

Granite-gneisses

Bjellatind

Glomfjord

Coastal

121
149
124
49

5.394
1.186
5.287
3.518
4.449
16.988

0.84244± 0.00024
0.73335±0.00012
0.83408±0.00032
o. 79236±o. 00028
0.81350±0.00018
l. 09020± o. 00022

120
76
179
94
126
122
134
103
142
118
172
178
178

271
757
162
455
446
540
381
468
414
199
202
123
129

1.286
0.292
3.218
0.602
0.817
0.655
1.024
0.637
0.994
1.717
2.475
4.223
4.005

0.73937±0.00014
0.71104±0.00022
o. 78387±0.00030
0.71906± 0.00028
0.72287±0.00014
0.72021±0.0001 2
0.73121±0.00026
0.72019±0.00014
0.72959±0.00016
0.74790±0.00018
0.76258±0.00030
0.80521± 0.00024
0.80094±0.00024

125
165
136
157
182
137
157
109
148
163
180
157

198
99
239
204
109
173
130
441
127
143
29
97

1.842
4.866
1.653
2.237
4.877
2.307
3.538
0.716
3.406
3.33)
18.958
4.701

0.75209±0.00022
0.82396± 0.00018
0.74671±0.00022
0.76309±0.00026
0.82934± 0.00022
o. 76308±0.00030
o. 79202±0.00028
0.72046±0.00022
0.78773±0.00020
0.77179± 0.00022
1.15222 ±0.00012
0.82922±0.00036

142
136
131
135
140
146
145
143
145
109

379
282
373
334
348
330
351
348
355
336

1.080
1.027
1.019
1.164
1.161
1.282
1.195
1.193
1.158
0.932

0.71213±0.00026
0.71194 ±0.00032
0.71236±0.00014
0.71370±0.00012
0.71360±0.00026
0.71389±0.0002 2
0.71344±0.00018
0.71339 ±0.00026
0.71365±0.00020
0.71258±0.00016

00
98
96
107
114
93
96

321
324
327
341
301
341
328

0.891
0.871
0.848
0.903
1.100
0.787
0.845

0.71188±0.00020
0.71148±0.00024
0.71120±0.00020
0.71072 ±0.00034
0.71265±0.00028
0.71099±0.00020
0.71098±0.00030

MelØy Group

Biotite-homblende gneisses
628
638
639
640
641
642
643

644

645
646

Ørnes dioritic gneisses
402
403

404

407
408

409
410
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Rbppm

Srppm

87Rbf!6Sr

s?sfi�!•sr

630
631
632
633
634
635
636
637
647
648
649

Ill
81
75
84
101
103
57
148
56
57
99

72
65
178
140
184
172
140
114
52
80
123

4.482
3.710
1.220
1.740
1.583
1.738
1.179
3.780
3.117
2.070
2.332

0.76953±0.00010
0.74990±0.00024
0.72876±0.00012
o. 73289±0.00022
0.73237±0.00022
o. 73675±0.00026
o. 72545±0.00028
o. 74488±0.00026
0.75980±0.00024
0.74177±0.00034
0.74723±0.00028

303
306
312
316
318
334
341
343

156
167
158
186
179
155
204
185

134
201
201
165
102
2�
125
200

3.379
2.411
2.290
3.274
5.125
1.988
4.738
2.679

0.73336±0.00030
0.72610±0.00016
0.72566 ±0.00024
0.73183±0.00020
0.74532±0.00012
0.72350±0.00032
0.74320±0.00020
o. 72858±0.00024

301
305
330

82
116
87

348
298
267

0.680
1.129
0.944

0.71262 ± 0.00022
0.71567±0.00028
0.71429±0.00020

329
338
339
340

68
50
43
19

354
315
338
552

0.556
0.460
0.370
0.098

0.71134±0.00024
0.71282±0.00028
0.71238± 0.00022
0.70883±0.00028

Kyanite-schists

Harefje/1 gneisses

Quartz-monzonitic

Foliated dioritic

Massive dioritic

Appendix 2.

Assemblage and localities of analysed rocks

Abbreviations of mineral species
Amph
Ap
Bio
Gt

amphibole
apatite
biotite
garnet

Hb
KF
Ky
Muse

Sample

214
217
218
219
234
235
236
237
238
239
242
243

Q-PI-KF
Amph-Bio-PI-KF
Q-Pl-KF
PI-KF
Q-KF
Q-KF
Q-KF
Q-KF
Q-KF
Q-KF
Q-Pl-KF
Q-Pl-KF

Op
Or
Pl
Q

hornblende
alkali feldspar
kyanite
muscovite

opaque
orthite
plagioclase
quartz

Sp
T

Zo
Zr

sphene
tourmaline
zoisite
zircon

Assemblage

Grid Reference

access:
access:
access:
access:
access:
access:
access:
access:
access:
access:
access:
access:

456130
458129
507110
496109
546228
539223
535219
534227
540231
554252
484109
481110

Amph, Biol, Or, Op
Q
Amph, Biol, Or, Sp
Amph, Biot, Sp, Or
Pl, Biol, Amph, Sp, Or, Op
Pl, Biot, Amph, Sp, Or, Op
Pl, Biot, Amph, Sp, Or, Op
Pl, Biol, Amph, Sp, Or, Op
Pl, Biol, Amph, Sp, Or, Op
Pl, Biol, Sp, Or, Op
Amph, Biol, Or, Sp, Op
Amph, Biol, Or, Sp, Op

109

110

S. J. Cribb

Samp/e
245
247
248
249
263
266
268
301
303
305
306
312
316
318
329
330
334
338
339
340
341
343
402
403
407
408
409
410
628
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
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Assemb/age
Q-Pl-KF

access: Amph, Biot, Or, Sp, Op

Q-Pl-KF

aeeess: Amph, Biot, Or, Sp, Op

Q·Pl-KF

aeeess: Amph, Biot, Or, Sp, Op

KF-Q

aeeess: Pl, Biot, Amph, Op, Sp

KF-Q-Pl

aeeess: Biot, Op, Or, Sp

KF-Q-Pl

aeeess: Amph, Biot, Op, Or, Sp

KF-Q-Pl

aeeess: Biot, Op, Or, Sp

Pl-Hb-Biot

aeeess: Q, Sp, Op

KF-Q-Pl-Biot

aeeess: Muse, Sp, Ap, Zr

Pl-Hb-Biot

aeeess: Q, Sp, Op

KF-Q-Pl-Biot

aeeess: Muse, Sp, Ap, Zr

KF-Q-Pl-Biot

aeeess: Muse, Sp, Ap, Zr

KF-QlPl-Biot

aeeess: Muse, Sp, Ap, Zr

KF-Q-Pl-Biot

aeeess: Muse, Sp, Ap, Zr

Pl·Hb-Biot

aeeess: Q, Sp, Op

Pl-Hb-Biot

aeeess: Q, Sp, Op

KF-Q-Pl-Biot

access: Muse, Sp, Ap, Zr

Pl-Hb-Biot

access: Q, Sp, Op

Pl-Hb-Biot

access: Q, Sp, Op

Pl-Hb-Biot

aceess: Q, Sp, Op

KF-Q-Pl-Biot

aceess: Muse, Sp, Ap, Zr

KF-Q-Pl-Biot

aceess: Muse, Sp, Ap, Zr

Q-Pl-Biot-Hb

aceess: KF, Zo, Sp, Ap

Q-Pl-Biot-Hb

access: KF, Zo, Sp, Ap

Q-Pl-Biot-Hb

access: KF, Zo, Sp, Ap

Q-Pl-Biot-Hb

aceess: Gt, Kf, Zo, Sp, Ap

Q-Pl-Biot-Hb

aceess: Kf', Zo, Sp, Ap

Q-Pl-Biot-Hb

aecess: KF, Zo, Sp, Ap

Q-Pl-Biot-Hb

aeeess: KF, Zo, Sp, Ap

Bi-Q

aeeess: Ky, Gt, Pl

Ky-Bio-Pl-Q

aceess: Gt, Op

Ky-Bio·Pl·Q

access: Gt, Op

Ky-Bio-Pl-Q

aceess: Gt, Op

Ky-Bio-Pl-Q

aeeess: Gt, Op

Ky-Bio-Pl-Q

aceess: Gt, Op

Ky-Bio-Pl-Q

aecess: Gt, Op

Bio-Musc-Pl-Q

aceess: Gt

Q-Pl-Bio-Hb

access: KF, Zo, Sp, Ap

Q-PI-Bio-Hb

access: KF, Zo, Sp, Ap

Q-PI-Bio-Hb

aeeess: KF, Zo, Sp, Ap

Q-Pl-Bio-Hb

aeeess: KF, Zo, Sp, Ap

Q-Pl-Bio-Hb

access: KF, Zo, Sp, Ap

Q-PI-Bio-Hb

aceess: KF, Zo, Sp, Ap

Q-PI-Bio-Hb

access: KF, Zo, Sp, Ap

Q-PI-Bio-Hb

access: KF, Zo, Sp, Ap

Q-PI-Bio-Hb

aceess: KF, Zo, Sp, Ap

Ky-Bio-Pl·Q

aceess: Gt, Op

Ky-Bio-Pl-Q

access: Gt, Op

Ky-Bio-Pl·Q

access: Gt, Op, T

Grid Reference
470122
462141
462141
434144
473152
493161
493161
661308
661308
660308
660308
654308
649310
648310
646311
646312
640237
651236
651236
646240
643257
663264
441174
441174
438175
432175
432175
432175
590301
592302
592302
592302
592302
592302
592302
592302
592302
592302
592302
592302
590301
590301
590301
588301
588301
588301
586302
586302
586302
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