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Rb-Sr isotope whole-rock dating of the Krossnes Granite has yielded an isochro n age of 430 :t 6
Ma with I.R. = 0.7066 :t 0.0005, interp reted as the age of intrusion. This age is close to that of
the Hakre Granite of the Sunnhordland Batholith, to which the Krossnes Granite is probably rela
ted. The age indicates that the Krossnes Granite probably intruded dur ing the period of depos ition
of the Ashgillian-Llandoverian sediments of the Ulven and Holdhus Groups, Major Bergen Arc. It
also demonstrates that strong ducti le deformation of rocks in the Major Bergen Arc occurred
during the Ordovician or close to the transition from the Ordovician to the Silurian period.
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Introduction
The Krossnes Granite is located in the south 
eastern part of the Major Bergen Arc (Fig.1)
in the Bergen Arc System (Kolderup & Kolde
rup 1940). The system contains several alloch
thonous units or terranes of different lithology

and tectono-metamorphic development, which
were juxtaposed during the main Caledonian
(Scandian) orogeny. Rocks of Early Palaeozo
ic age are represented in the Minor and Major
Bergen Arcs (Kolderup & Kolderup 1940).

Fig. 1.Geological map of the area around the Krossnes Granite south of Bergen. 0GC = 0ygarden Gneiss Comple x, U =
Ulven Group , H = Holdhus Group , HG = Hakre Granite, KG = Krossnes Granite. Mainly from Kolderup & Kolderup (1940),
Andersen & Jansen (1987), Fossen & Ingdahl 1987 and Ingdahl (1985). Inset map shows sampling location for dating.
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Geological setting
The Krossnes Granite preserves intrusive con
tacts with the Gultjellet Ophiolite Complex
(GOC) and the Lysekloster Schists of the
Major Sergen Arc (Kolderup & Kolderup 1940,
Fossen & Ingdahl 1987). The GOe (Thon 1985)
is a dismembered suite of mafic to ultramafic
pluton ic, hypabyssal and volcanic rocks and
is intruded and overlain by magmatic rocks
of both island-arc and poss ible back-arc aff ini
ty (Ingdahl 1985). A plagiodifferen tiate of the
GOe is dated at 489 ± 3Ma, and an arc
related, intrusive tonalite at 482 ± 3Ma by
Dunning & Pedersen (1 988). The close relati
onship between the formation of the ophiolite
and the arc-related magmatism indicates for
mation of the GOC in an arc- related intra
oceanic basin (Pedersen et al. in prep.). The
Lysekloster Schists (Kolderup & Kolderup
1940) are greywackes , marbles and schists
of assumed Early Palaeozoic age. The Ulven
and Holdhus Groups (Fig. 1) (Ryan & Skeving
ton 1976, Fcerseth et al. 1977) are metasedi
ments of Ashgillian - Early L1andoverian age,
unconf ormably overlying the GOe but general
ly strongly defo rmed . To the southwest is the
Sunnhordland Satholith (Andersen & Jansen
1987) which cons ists of magmatic rocks of
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gabbroic to granitic composition. One of the
intrusions, the Hakre Granite (Fig.1) is dated
at 430 ± 10 Ma with an LA. of 0.70560 ±
0.00005 (Andersen & Jansen 1987).

Analytical techniques
The Rb-Sr ratios were determined by X-ray
fluor escence spectrometry. Measurements of
unspiked " SrlS6Sr were carr ied out on a VG
Microm ass 30 at the Mineralogisk-Geo logisk
Museum , Oslo, and the methods used are the
same as those desc ribed by Pankhurst & O'Ni
ons (1973). Variable mass discrimination was
corr ected by normalisation of 'S r/" to 8.3752.
The " Rb decay constant used is 1.42 x 10-11

y.' and the regression technique is that of York
(1969). Ages and intercept errors are noted
at the 2cr level.

Sampling and results
The samp les were collected from localities
within the undeformed part of the Kross nes
Granite along road-cuts near Ytredranqsvaqen
(UTM 997784 to 968789) (Fig.1). Samples 1-9
are very similar , coarse-grained red granite,
while sample 10 is from the aplitic phase

"-
en

ID
co
-,
"-
en,...

co

.80

.75

. 70

n = 9

Age: 434 .5 ±12Ma

lA . : 0 .7063 ± 0 .0010

MSWD : 1.83

10

n = 10

Age : 430.0 ± 6 Ma

l A. : 0 .7066 ±0.0005

MSWD : 1. 6 9

o 5 10 15

Fig. 2.Rb-Sr isochron diagram for the Krossnes Granite. n=10; all samples included, n=9: sample 10 (aplite) excluded.
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Fig. 3.Events in the area covered by Fig.1 that have been dated. GOC ; Gulfjellet Ophiolite Comple x.

which appears as dykes in the coarse-grained
granite (Fossen & Ingdahl 1987). Joints are
common in the area, but the samples collected
were free of joints.

The regression analysis of the samples from
the Krossnes Granite gives a date of 430.0 ±
6Ma and an initial " Sr/86Sr ratio of 0.7066 ±
0.0005 with a MSWD of 1.69 (Fig.2). If samp
le 10, which has a Rb/Sr ratio considerably
higher than the other samples, is excluded, a
regression gives 435.5 ± 12Ma with an initial
rat io of 0.7063 ± 0.0010 and a MSWD of
1.83 (Fig.2). The results show that the coarse
grained gran ite and the aplite are probably
contemporaneous.

Discussion
The 430 ± 6Ma age is considered to be reliab
le, and, since it is the undeformed part of the

Krossnes Granite which has been dated, appa
rently represents an intrusive age. The age is
similar to that reported from the Hakre Grani
te (Andersen & Jansen 1987) (Fig.3). Their
relatively low initial ratios indicate I-type intrusi
ons in an immature magmatic arc setting.
Their similar ages and initial ratios indicate
that the Krossnes Granite is related to the
granitoids of the Sunnhordland Batholith, which
is interpreted as having intruded into a tecto
nic environment of ocean-continent conver
gence (Andersen & Jansen 1987). However, a
much lower Sr content in the Krossnes Grani
te (Table 1) as well as a small difference in
the initial rat ios indicates that the two granites
probably represent separate plutons.

The age of the Krossnes Granite provides
a constraint on the timing of the deformation
in the MaBA. Intense deformation and myloni
tization at transitional greenschist-amphibolite

Table 1. Rb-Sr data.

Sample Rb Sr
No. ppm ppm Rb/Sr I7Rb/" Sr ± 1a I7Rb/" Sr + 1a

1 ....... ........ ........................ 274.9 172.2 1.5959 4.63 0.02 0.73519 0.00001
2 ....................................... 269.9 194.8 1.3853 4.02 0.02 0.73126 0.00001
3 ....................................... 255.2 195.3 1.3062 3.81 0.02 0.72985 0.00001
4 ....................................... 284.2 162.3 1.7502 5.08 0.03 0.73787 0.0001
5 ....................................... 285.5 170.2 1.6781 4.87 0.02 0.73629 0.00001
6 ....................................... 274.9 143.3 1.9179 5.57 0.03 0.74075 0.00001
7 ....................................... 240.7 172.5 1.3955 4.05 0.02 0.73163 0.00001
8 ....................................... 284.2 159.4 1.7826 5.18 0.03 0.73848 0.00001
9 ....................................... 276.6 183.4 1.5085 4.38 0.02 0.73315 0.00001

10 ....................................... 256.7 044.1 5.8184 17.02 0.09 0.81066 0.00001
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Fig. 4.Granitic dykes of the Krossnes Granite postda ting a
folded foliation in psammitic metasediments of the Lyseklos
ter Schists. See Fig.l for location.

facies in the northe rn and eastern part of the
granite and adjacent rocks must be younger
than cA30 Ma, and thereby probably Scandi
an. Where the intrusive contact betwee n the
Krossnes Granite and rocks of the MaBA is
preserved from the strong Scandian shear ing,
dykes of the granite cro ss-cut foliated metase
diments of the Lysekloster Schists . The foliati
on was already tightly folded prior to intrusion
(FigA ). Fossen & Ingdahl (1987) interpreted
this deformation as due to pre- intrusion Scandi
an stra in, but in the light of the radiometric
dates of the GOG and of the Kross nes Grani
te, the deformation wou ld now appear to be
Ordov ician or pos sibly very early Silurian. Pre
Scandian deformation and metamorphism have
previously been interpreted from the MaBA
(Kvale 1960, Sturt & Thon 1976, Fcerseth et
al. 1977), although unambiguous evidence was
not given (Ingdahl 1985, 1986).

The significance of the Ordovician deformati
on in the MaBA is not known , but it may be
related to the strong, ductile deformation and
metamorp hism in the Selbj0rn-M0kster area
(Fig. 1) of the Sunnhordland Batholith which
Rykkelid (1 987) cons idered to be of Ordovician
age, related to westw ard subduction below
an active magmatic arc. Ordovician deformati
on and metamorph ism are also recognized
elsewhere in western Norw ay (Hall & Roberts
1988 and references therein, H. Gautneb in
prep.) and may be equivalent to the Taconian
orogeny in the Appalachians (Hall & Roberts
1988, Pedersen et al. in press).

The 430 ± 6Ma age of the Kross nes Grani
te indicates that the granite probab ly intruded

NGU · BULL. 413. 1988

during the time of deposition of the sediments
of the Ulven and Holdhus Groups (Fig.3). The
Ulven Group and the Krossnes Granite are
separated by only 3 km of schists and ophioli
tic rocks, which may indicate ha the grani e
intruded the upper crust. Since the pre-in rusi
ve ductile deformation of he Lysek loste r
Schist took place at depth s of about 10-15
km, cons iderable uplift of the area occurred
prior to depos ition of the Holdhus and Ulven
Groups (pre-Ashgill) and intrusion of the grani
te. Howeve r, it is poss ible that the Krossnes
Granite intruded at a dept h considerab ly more
than 3 km during deposition of the Holdhus
and Ulven Groups , and was subsequently
uplifted by vert ical cru stal movements similar
to those inferred from the Sunnhordland Batho
lite (Andersen & Jansen 1987).

Conclusions
1. Whole-rock Rb-Sr dat ing of the undeformed
part of the Krossn es Granite has yielded a
date of 430 ::: 6Ma, interpreted as the age
of intrusion.

2. The Rb-Sr age of the Krossnes Granite
and its I.R. indicate that the granite is part of
the Sunnhordland Batholith.

3. The age indicates that he Krossnes Grani
te prob ably intruded during he period of depo
sition of the Holdhus and Ulven Groups (Ash
gill-L1andovery).

4. It is shown that strong duct ile deformati
on occurred either at some stage dur ing the
Ordovician or close to the Ordovician-Silurian
boundary in the Major Bergen Arc. The cause
of this deformation is not known , but an arc
related event dur ing the build-up of the Sunn
hordland Batholith is a possible explanation.
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