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A Rb/Sr isochron age determination on intrusive granite and monzonite from
the Iveland-Evje area gave an age of 1038 + 43 m.y. Biotite from the granite
dated by the K/Ar method gave an age of 845 ± 60 m.y. These values are very
similar to other age determinations on intrusive rocks from Southern Norway.

The initial Sr87/Sr86 ratio of the granite and monzonite is very low: 0.7048
± 0.0003.

The rocks must be genetically related to the Iveland-Evje pegmatites, which
are among the latest intrusions within the Sveconorwegian igneous period.

S. Pedersen, Institute of General Geology, Østervoldsgade 5, DK-1350 Copen
hagen K, Denmark

Introduction

The paper describes some new age determinations from the Iveland-Evje area
in Southern Norway. These were carried out on intrusive rocks, granite and
monzonite, which had not previously been described. The method used was
the Rb/Sr whole rock isochron method. One age, however, was obtained on
biotite from granite by the K/Ar method.

The author mapped part of the Iveland-Evje amphibolite during the
summers 1967 and 1968, with a final short stay in 1970; during the first field
season the author was a member of the team working on the 'Telemark Project'.
This mapping, being more detailed than that carried out by Barth (1947),
revealed the granitic and monzonitic rocks.

Prior to the present study, all the age determinations from the Iveland-Evje
area had been made on pegmatite minerals (Herr & Mertz 1958; Herr et al.
1958; Polkanov & Gerling in Neumann 1960; Kulp & Neumann 1961;
Obrochev & Gerling in Broch 1964, and Herr & Wolfle 1967). Ages and
methods are shown in Table 1.

Both Neumann and Broch remark that there is doubt about the significance
of some of these ages. For instance, regarding the Re/Os determinations, the
results suggest that the half-life of Re should be increased by about 20%. The
Russian K/Ar determinations are 4 to 5% too high, because Russian geochro
nologists prefer the value 55X10~ uyr~ l for the decay constant XB , whereas
the value 5.85 X 10^'yr" 1 is normally used in other laboratories. From these
early age determinations Neumann (1960) concluded that the pegmatites were
emplaced 900-1000 m.y. ago.
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Table 1. Previous age determinations from the Iveland-Evje area

2. Herr & Mertz (1958).
3. Gerling & Polkanov in Neumann (1960).

4. Kulp & Neumann (1961).
5. Obruchev & Gerling in Broch (1964).

6. Herr & Wdlfle (1967).

Outline of the geology in the northern part
of the Iveland-Evje area

The Iveland-Evje area is famous for its nickel mineralisation (Vogt 1893,
1923; Bjørlykke 1947) and the many pegmatites carrying rare minerals (for

general descriptions see Barth 1928, 1931, 1947; Andersen 1926, 1931;
Bjørlykke 1934, 1937).

The nickel mineralisation and the pegmatites appear in an amphibolitic body
described by Barth (1947) as the Iveland-Evje amphibolite. This body is

35 km in a north-south direction and its maximum width is 15 km.
Recent investigations by the present author (not yet published) have shown

that, at least in the northern part, the Iveland-Evje amphibolite is made up
of several bodies. One of these bodies, situated NE of Evje, is called here the

Høvringsvatn Complex. It has a rather complicated structure; amphibolite is
not the only rock type, contrary to what was previously thought. The complex
consists of an older basic intrusion representing part of the Iveland-Evje

amphibolite and a younger intermediate to acid intrusion of granite and
monzonite. Some monzonitic rocks seem to be developed as thin cone sheets
cutting amphibolite, granite, monzonite and the surrounding gneisses. Granite
pegmatites and some aplites end this igneous activity.

It has to be emphasised here that the relations are very complicated,
especially those between the granite and the cone sheets, as the granite has

of ten been reactivated in connection with the intrusion of the sheets.
The Rb/Sr whole rock isochron age determinations described in the fol

lowing were carried out on rocks from the Høvringsvatn Complex: granite

Age Revised age
Ref. Method Mineral m.y. m.y. Locality

1. RaD/Pb Gadolinite 755 Frikstad
2. Re/Os Gadolinite 838 Frikstad
2. Pb 207 /Pb 206 Gadolinite 820 Frikstad

2. RaD/Pb Blomstrandine 884 Kåbuland
2. Pb 207 /Pb 206 Blomstrandine 920 Kåbuland
2. Re/Os Molybdenite 882 Tveit
2. Re/Os Molybdenite 962 Tuftan

3. K/Ar Biotite 880 835 Håverstad
4. K/Ar Muscovite 860 Iveland

5. K/Ar Biotite 1650 1582 Eptevann
5. K/Ar Biotite 1750 1679 Eptevann

6. Re/Os Molybdenite 1120 Tuftan
6. ? Uraninite 1040 Tuftan

Ref erences:
1. Herr et al. (1958).
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Fig. 1. Map of sample location.

(called Høvringsvatn granite), and monzonitic cone sheets (called Høvrings
vatn monzonite). One K/Ar determination was carried out on biotite from
the Høvringsvatn granite. The location of samples dated is shown in Fig. 1.

The Høvringsvatn granite is a medium- to coarse-grained rock, which is
dominated by red, mainly euhedral potassium feldspar, and is characterised by
a very homogeneous look and uniform grain size throughout the entire area.

Høvringsvatn monzonite embraces several structural types, all grey rocks
carrying blue-green hornblende and green biotite as dark minerals and with a
characteristic, marked content of abundant accessory sphene and apatite.

A thorough description of the rocks is planned in a later publication.

Rb/Sr age determinations and isotope analyses
Determination of Rb/Sr ratios: For the measurements of the ratio between
Rb and Sr a Philips X-ray fluorescence apparatus with a W-tube (20 mA,
10 kV), an LiF 200 analysing crystal and a fine collimator were used. The
peaks and background have been counted for 40 seconds.

The measurements were corrected for counter dead time, background cur
vature and peak interferences. These corrections have been described by
Pankhurst (1968). All determinations were made in duplicate. The experimen
tal error is in the range of 2% (lo level).
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Table 2. Rb/Sr analytical data of whole rock samples from the Høvringsvatn granite and
the Høvringsvatn monzonite (cone sheets)

Sr^/Sr86

0.725

Høvringsvatn granite & Høvringsvatn monzonite

0.720

1038t43 m.y.

0.715

0.710

-ri
0.70

(Sr87/Sr86 k--0.7048 - 0.0003
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Fig. 2. Isochron plot for Høvringsvatn granite (heavy crosses) and Høvringsvatn monzonite
cone sheets (light crosses).

Measurements of Sr isotope ratios: The chemical analyses were carried out
at the dating laboratory of the Petrological Institute, University of Copenhagen,
whereas the mass spectrometric investigations were undertaken on the Atlas

CH-4 mass spectrometer at the Institute of Theoretical Meteorology, Univer

sity of Copenhagen. A Faraday collector was attached to the mass spectrometer.
The Sr^/Sr86 ratio obtained on the Eimer and Amend standard (lot

492327) was 0.7092 ± 0.0004; all measured ratios were normalised to Sr86/

Sr88 values of 0.1194. The average obtained here is scarcely 2°/oo higher than

the normally accepted value of 0.7080, and for this reason just under 2%0 was
subtracted from all the measured Sr87/Sr86 ratios.

The experimental error varies between 0.5°/oo and 2.5°/oo (1 a level).

Measured Corrected

Sample No. Rb/Sr Rb^/Sr86 Sr87 /Sr86 Sr87/Sr86 Rock type

MM 4831 0.302 0.874 0.7195 0.7183 Høvringsvatn
MM 4862 0.426 1.233 0.7230 0.7218 granite
MM 4864 0.119 0.345 0.7106 0.7094

MM 4890 0.050 0.144 0.7076 0.7064
MM 4891 0.061 0.175 0.7084 0.7072
MM 1083 0.207 0.602 0.7140 0.7128 Høvringsvatn
MM 1098 0.086 0.248 0.7098 0.7086 monzonite
MM 1100 0.066 0.190 0.7079 0.7067 cone sheets
MM 1105 0.112 0.324 0.7109 0.7097
MM 1110 0.146 0.425 0.7129 0.7117
MM 1121 0.072 0.207 0.7088 0.7076
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Table 3. K/Ar analytical data of biotite from the Høvringsvatn granite

Sample No. %K2Q Ar*> /K«°K Age in m.y.

MM 4864
(Biotite)

9.4 ± 0.3 0.0627 845 ± 60

Results: All the values obtained (see Table 2) are plotted in the diagram
Fig. 2. It is remarkable that these values, which represent both granite and
monzonite, plot on a single isochron, giving an age of 1038 ± 43 m.y. with an
initial Sr87/Sr86 ratio of 0.7048 ± 0.0003. The decay constant used is Jt=
1.39 X 10-V"' (Aldrich et al. 1956).

This isochron needs an explanation, as it contrasts with the field relations.
In the field the monzonitic cone sheets are clearly seen to cut the granite; in
places, however, the granite has been reactivated in connection with the
monzonite intrusion. It may be either that the monzonite and granite are pene
contemporaneous and have a common initial ratio, or that the granite is older,
but was reworked at the time of monzonite intrusion with the result that a

resetting of the isotopic systems took place.

K/Ar determinations

K determinations: These were made on a Perkin Elmer 303 atomic absorption
spectrometer. The samples were decomposed with the aid of hydrofluoric acid
following a method described by Langmyhr & Paus (1968). The details of this
method as used in the laboratory in Copenhagen have been described by
Larsen (1971).

Ar determinations: The amount of radiogenic Ar was determined by isotope
dilution on an AEI MS 10 mass spectrometer. A full description of this method
has been given by Larsen & Møller (1968) and by Larsen (1971).

Results: The K/Ar determination was carried out on biotite from the Høvrings
vatn granite. It gave an age of 845 ± 60 m.y. The results are shown in Table 3.

There is a remarkable consistency between this age and the ages of the
youngest intrusive, basic rocks of the Bamble area (1040 m.y., o'Nions et al.
1969) and the mangerites and farsundites of the Rogaland area (967 m.y. and
993 m.y. old respectively, according to Pasteels et al. 1970).

The earlier age determinations on pegmatite minerals showed that the peg
matites of the Iveland-Evje area are 900-1000 m.y. old (Neumann 1960) and
consequently they must belong to the same intrusive period as the granite and

Concluding remarks
The Rb/Sr dating shows that intrusion of monzonite (and perhaps granite)
took place about 1038 m.y. ago in the Iveland-Evje area.
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monzonite. This period corresponds with the Sveconorwegian igneous period

of Welin (1966).

The K/Ar age of 845 m.y. is in accordance with some of the earlier K/Ar
determinations on pegmatite micas. Polkanov & Gerling (in Neumann 1960)
obtained an age of 835 m.y. on biotite (converted age, see Table 1). Kulp &
Neumann (1961) obtained 860 m.y. on muscovite from a pegmatite. On the
other hand the results of Obruchev & Gerling (in Broch 1964), who obtained
figures of 1582 m.y. and 1679 m.y. (converted ages, see Table 1), are not in
agreement with these ages.

It is remarkable that K/Ar ages on biotite from the neighbouring Bamble
area are higher than the result obtained here, i.e. about 970 m.y. (o'Nions et
al. 1969).
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