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The Iddefjord granite forms part of the Swedish Bohus batholith and ranges in composition from
diorite to granite. The granite consists of 13 individual plutons, and the mechanism of intrusion
is related to block subsidence rather than forcefu l intrusion. There is no evidence of marginal chill,
and the temperature of the host gneiss must have been similar to that of the granites. This sug
gests that the intrusion took place in a regionally pre-heated rock complex under plutonic conditi
ons. The major element trends of the granites are similar to those of recent granite batholiths.

Rb/Sr age determinat ions carried out on two of the granites yield a common isochron age of 918 :t
7 Ma with an initial Sr isotope ratio of 0.7063 :t 0.0008 suggest ing contribut ions from older crus
tal components . Mineral analyses from one of the investigated granite samples indicate a Rb/Sr
mineral age in the order of 835 Ma, reflecting either a slow cooling of the pluton or a younger
thermal effect causing resetting of the mineral system.

Svend Pedersen, /nstitut for a/men Geologi, 0ster Voldgade la, DK-1350 Kebentievn K, Denmark
Sven Maaloe, Institutt for geologi , Avd. A, Allegt. 41, N-5007 Bergen, Norway

Introduction
The Iddefjord granite forms the northern exten
sion of the Swedish Bohus batholith, which
was mapped by Asklund (1947). Recently, the
Swedish part of the batholith has been investi
gated by Eliasson (1987) and Eliasson et al.
(1988). The Bohus batholith is undeformed and
formed in post-Sveconorwegian time. Rb/Sr
whole-rock age determinations demonstrate
that surrounding gneisses were affected by
metamorphism and deformation in Sveconor
wegian time, but that they also have a pre
Sveconorwegian history (e.g. Pedersen et al.
1978, Hageskov & Pedersen 1981, Ahall &
Daly in press). The Bohus batholith marks the
end of the Sveconorwegian Orogeny in south
eastern Norway-southwestern Sweden.

Post-Sveconorwegian granites are abundant
in southern Norway, especially west of Oslo
fjorden, where a number of granites have
been dated during the last ten years and yiel
ded post-Sveconorwegian ages (e.g. Priem
et al. 1973, Killeen & Heier 1975a, Pedersen
& Falkum 1975, Wilson et al. 1977, Petersen
& Pedersen 1978, Pedersen 1981). The Bohus
batholith is the largest of these post-orogenic
granites. .

Both the Norwegian and the Swedish part
of the batholith consists of several plutons ,

which range in composition from diorite to
granite. The exposed part of the Swedish and
the Norwegian part of the batholith are not
similar; the Swedish part contains large areas
where the gneissic roof is exposed , while rem
nants of the roof are rare in the interior of the
Norwegian part of the batholith. Remnants of
the roof in the Norwegian part are only pre
sent east of Sarpsborg where the dip of the
contact zone is about 12° (Fig. 1).The differen
ce is due to different levels of exposure in the
northern and southern parts of the batholith .
A major NW-SE trending fault zone about 300
m wide occurs in the Iddefjord area at Hal
den, and Iddefjorden itself formed in the fault
zone during the last ice age. Extensively deve
loped slickensides are present within the fault
zone, plunging at about 45° towards the north.
The prevalence of roof pendants in the south
suggests that the batholith is downfaulted
south of Iddefjorden. There is no lateral move
ment along the fault zone even though the
map picture may suggest a lateral movement
(Fig. 1). A few pegmatites intrude the rocks
of the fault zone. As pegmatites were not for
med in the area after the intrusive event rela
ted to the batholith , the faulting most probab
ly occurred soon after the intrusion of the
batholith.
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Fig. 1: Field map 01 the plutons within the Iddeljord granite.
(a) The main part 01 the granite and the Hvaler islands.
(b) The Iddel jord area. Localit ies lor age determination samples are indicated by dots.
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Rb/Sr whole-rock age determinations on the
batholith were published by Killeen & Heier
(1975b) and Ski61d (1976) for the Norwegian
and the Swedish part, respect ively, yielding
similar results of 881 ± 34 Ma and 891 ±
34 Ma and with initial Sr isotope ratios of
0.7098 and 0.711 ± 0.003, respect ively. Ski61d
mentioned that there seems to be some spre
ad of data in the isochron diagram which may
be due to a systematic variation, as samples
with low " Rb/16Sr ratios were collected from
the eastern part of the batholith. He also
mentioned that it is possible that instead of
one isochron, two or perhaps even more, pro
bably parallel isochrons should be drawn with
small differences in initial Sr isotope ratios.
In Killeen & Heier (1 975b) no comments were
made concerning the scatter of points in the
isochron diagram, but on comparing the geo
graphical position of the sample sites (Killeen
& Heier 1975c) with the map presented in this
paper, it appears that their samples used for
the Rb/Sr work were collected within different
granite bodies.

The aim of the Rb/Sr age determinations
presented here is to eliminate the effect of the
above-mentioned sampling errors . To avoid
this, samples were collected from two well
defined intrusions within the batholith .

Field relations
The Iddefjord granite consists of 13 separate
plutons (Fig. 1), most of which are of granitic
compos ition; the least fract ionated pluton,
however, has a dioritic compos ition, using the
nomenclature of Streckeisen (1967) (Fig. 4).
The contacts between the different plutons
may be sharp or transitional, with a zone of
xenoliths of the earlier granite near the con
tact Features indicating a remelting of the
host pluton by a younger granite have been
observed.

The contacts between the granites and the
country rock gneiss are generally sharp with
no deformation of the structures in the gneiss
and with no chill zone developed. The dip of
the contact varies from vertical to subhor izon
tal, a typical dip being about 45 ° outwards
with the granites extending beneath the gneiss.

There is not much evidence in the plutons
within the Iddefjord granite for 'granite tecto
nics', and only two plutons , the Fredrikstad
granite and the Brekke granite, display inter
nal structures. The Fredrikstad granite conta-
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ins 5-20 cm broad bands consisting of concen
trations of biotite situated a metre apart. The
se bands dip nearly vertically in the western
part of the pluton. Further to the east a wes
terly dip becomes prevalent, and thereafter the
bands become horizontal. As the dip gradual
ly becomes less steep the biotite bands decrea
se in frequency, and they are absent in the
middle of the pluton. From the map (Fig. 1)
it appears that the Fredrikstad granite forms
intrusive tongues extending to the east and
north . The orientation of the biotite bands may
be explained if it as assumed that the magma
moved in a vertical direction in the western
part of the body and thereafte r moved horizon
tally in easterly to northerly directions.

The Brekke granite forms several intrusions
south of Halden (Fig. 1) and contains parallel
arranged plagioclase crystals.

Apart from these fabrics the granite plutons
appear to be without significant flow structu
res. The general absence of internal structures
may be ascribed to the granite magmas being
in a completely fluid state during their intru
sion. The granite structures described by Balk
(1 937) will only appear if the intruding granite
is partly crystallized. In the absence of phenoc
rysts no fabr ic will develop during the emplace
ment of the intrusion. It is therefore conside
red likely that most of the Iddefjord granites
intruded in a completely molten state. The
only evidence for the direction of flow may
be obtained from the orientation of minor ba
sic clots , but these are not common, except
in the Borge granite.

Domes of pegmatites occur along the eas
tern and northern contact zones to the gneiss,
and the pegmatites have intruded both gneiss
and granite. These domes, which reach kilome
tre size, have not been observed in the wes
tern part of the batholith. There is no eviden
ce for any extensive fractionation within the
pegmatites; they are all of the simple type,
without exotic minerals. There are hardly any
pegmatites in the interior parts of the batho
lith, those observed being restr icted to a few
metre-size lensoid pockets .

The youngest pluton , the Borge granodiori
te, intruded into the central part of the batho
lith and formed several small dyke swarms. A
similar type of late-stage granite is present in
the Swedish part of the batholith where it also
formed dykes (Asklund 1947). Apparently the
entire batho lith was intruded by this late grani
te.
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Fig. 2: The relative age relations of the granite plutons in
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Fig. 3: The mechanism of intrusion by block subsidence
suggested by the field relations.

Age relations
The relative ages of the plutons are shown in
Fig. 2. The age relationships between the faul
ted segments. that is. the section east of Idde
fjord. the Swedish part of the batholith, and
the part north of Iddefjord, cannot be determi
ned in the field.

The largest plutons were emplaced in the
beginning of the intrusive phase. while the
smaller ones are comparatively late. Two of
the youngest plutons, the Brekke granite and
the Borge granodiorite, have been dated in
connection with this work.

The contacts between the plutons are only
rarely exposed. but two types havebeenobser
ved. Most are sharp with no chill zone develo
ped. so that age relations are based on the
occurrence of cross-cutting dykes. Others are
of an intermixed type, where contorted frag
ments of both types of granite occur. This
type does not allow a determination of the
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age relations. The intermixed contact relation
ship suggests that the host granite was in a
partially fluid condition when the younger grani
te intruded. An intermixed contact is particular
ly well exposed between the Fredrikstad and
Skinnerllo granites at Krokstadfjorden.

Mechanism of intrusion
The tabular shape of the batholith (Lind 1967)
and the orientation of the biotite bands in the
Fredrikstad granite. as well as the marginal
occurrence of pegmatite domes, suggest that
the intrusion of magma initially took place in
the marginal parts of the batholith. Furthermo
re, the dip of the contacts and the absence
of deformation of the gneiss suggest that the
intrusive space was gained by block subsiden
ce (Fig. 3). The presence of a large batch of
magma beneath or deep in the crust may
have caused this subsidence. whereafter the
magma moved into the fracture formed during
the subsidence.

Petrography
The plutons are fine- to medium-grained and
vary in colour from grey to reddish-grey. the
red colour due to microcline. Most of the plu
tons are even-grained. but the Fredrikstad
granite and the Brekke granite are slightly
porphyric. The Borge granodiorite is fine
grained and the Skjeberg aplite has local occur
rences of pegmatite. The only pluton that devia
tes markedly in texture is the Glengs diorite

a
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Fig. 4: Modal proportions of plagioclase, microcline and
quartz for the Iddefjord granits plotted In the Streckeisen
classification diagram.
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Fig. 5: Major element trends for the Iddefjord granite.
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granites, and the absence of cordierite and
sillimanite as well as the presence of basic
clots also suggest I-type rather than S-type
granites. However, the classification scheme
between these types is rather vague and the
suggested I-type character is only tentative
(White & Chappell 1977).

The presence of flow-oriented basic clots
in some of the plutons shows that no fractiona
tion occurred after the granites where intru
ded. However, fractionation of the magma
might have occurred before their intrusion.
The trends are not so well defined to enable
an evaluation of the formation of the granites
by fractionation or anatexis, and therefore the
origin of the granite magmas will not be consi
dered further.
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that contains glomerophyric clusters of amphi
bole. The plutons are generally without flow
structures, but the large plagioclase phenoc
rysts of the Fredrikstad granite may display a
subparallel orientation due to flow. Another
indication of flow is that of the basic clots
which have an ellipsoidal shape, from 5 to 20
cm in length. Where present they have a paral
lel orientation, but their occurrence is too spo
radic to define a regional flow pattern within
the granites.

The plutons consist mainly of plagioclase,
microcline and quartz, the plagioclase cores
having the composition of oligoclase and the
zoning being normal. The accessory minerals
are biotite, hornblende, muscovite, Fe-oxides,
chlorite, apatite, titanite and zircon. In most
granites there is less than 1 % hornblende,
but the Glengs diorite contains up to 22 %.
Biotite constitutes between 2 and 13 % of the
mode of the granites, with the exception of
the Glengs diorite that may contain up to 28 %.
The modal proportions of plagioclase, microcli
ne and quartz are shown in Fig. 4. Individual
plutons display some variation in mineral pro
portions, and the granites therefore cannot
be separated on the basis of mineralogical
composition alone. The granites were distingu
ished by their colour and texture, but since
these features also display some variation the
separation between individual plutons has in
some places been difficult.

The texture of the granites is mostly interlo
bate, and the crystallization sequence could
not be determined for most of the granites.
The Brekke granite is an exception, and this
granite was therefore chosen for an experimen
tal determination of the water content (Maatee
& Wyllie 1975).

Chemical composition
The major element trends for the granite are
shown in Fig. 5, and the analyses in Table
1. The curvatures of the trends shown are
evidently based on extensive extrapolation but
are probably justified, since the trends are
similar to the those of Tertiary and Cretaceous
granites (Maalee & Petersen 1981). Apparent
ly, the Iddefjord granites have similar composi
tions of some of the more recent granites and
were probably generated in a similar manner.
The range of composition from diorite to grani
te might suggest that the granites are I-type
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Table 1

Chemical analyses of samples from the Iddefjord granites

21335
'

55
'

16622' 16617' 212'9 ' 313 2 319 3 317 4 21229 5 3206 321 6 328 6 322 6 16620 7 327 7 MG_,8

Si02 71.22 71.3S 71.61 72.39 73.21 64.S7 68.31 72.39 52.86 67.75 69.65 70.55 72.04 61. 76 69.42 71. 30
Ti02 .33 .21 .21 .16 .12 .62 .47 .23 1. 88 .47 .37 .28 .20 1.35 .34 .40
A1

20 3
14 .63 14.57 14.74 14.62 14 .13 16.77 15.80 14.75 15.45 16.36 15.46 15.50 14.95 15.44 15.61 14.44

Fe
20 3 .63 .51 .68 .66 .51 .67 .49 .32 2.33 .58 .34 .97 .24 2.95 .80 1.00

FeO 1. 39 1.29 .99 .80 .78 2.84 2.00 1.39 6.26 2.09 1.80 1.08 1.25 3.10 1.65 1.41
MnO .06 .08 .09 .09 .05 .09 .07 .07 .14 .08 .08 .06 .03 .09 .06 .03
MgO .39 .46 .41 .22 .20 1.20 .67 .49 6.23 .73 .63 .44 .23 1.87 .46 .40
CaO 1.64 1.55 1.59 1. 32 1.09 2.85 1.82 1.84 6.04 1. 74 1.50 1.62 1. 42 3.84 1.87 1.69
Na

20 3.44 3.45 3.37 3.42 3.31 3.92 3-.16 4.67 2.30 3.57 3.04 3.46 3.29 3.34 3.25 3.44
K20 4.86 5.22 5.12 5.26 5.62 4.12 5.65 2.9§ 3.51 5.08 5.56 5.22 5.44 4.38 5.45 5.45
H

2O- .00 .06 .06 .03 .02 .04 .0,3 .02 .26 .07 .10 .04 .14 .08 .05 .06
"20 + 1. 1 0 .80 .76 .77 .80 .94 .99 .83 1. 90 .97 .86 .56 .63 .84 .62 .45
CO

2 .13 .04 .06 .09 .06 .04 .25 .08 .07 .10 .05 .17 .12 .00 .11

P20S .06 .04 .09 .03 .02 .13 .08 .04 .39 .10 .04 .05 .02 .34 .06 .10

99.88 99.66 99.78 99.85 99.92 99.10 99.79 100.11 99.62 99.69 99.48 100.00 100.00 99.40 99.75 100.17

1: Ise granite 2: Hauge granite 3: Skinnerflo granite 4: Solli granite 5: Glengs diorite 6: Fredrikstad granite
7: Borge granodiorite 8: Brekke granite
Analyst: Per-Reidar Graff. Norges Geologiske unoerseketss.

;""Rb: 1.42 x 10-ll/year

Table 3. Rb/Sr age data from the Bohus-Iddefjord batholith

'): 1% error is assigned to the "Rb/"Sr ratio and 0.15 'I", to
the "Sri"Sr ratio.

MSWD

"Sri"Sr

0.8247 ± 2
0.8261 ± 2
0.8228 ± 2
0.8256 ± 2
0.8262 ± 2

0.7736 ± 3
0.7723 ± 3
0.7721 ± 3
0.7739 ± 3
0.7752 ± 3
0.7883 ± 3
0.7864 ± 3
0.7845 ± 3

("Sr/"Sr)o

"Rbi"Sr

5.13 ± 4
4.99 ± 3
5.04 ± 4
5.18 ± 4
5.28 ± 4
6.25 ± 4
6.11 ± 4
5.95 ± 4

8.98 ± 4
9.17 ± 5
8.82 ± 4
9.13 ± 5
9.21 ± 5

Age

Table 2. Analytical data from the Iddefjord batholith.

Brekke granite
Sample no.

Borge granodiorite

MAALl
MAAL2
MAAL3
MAAL4
MAAL5

25018
25019
25020
25021
25022
25023
25024
25025

loco 1: 25018-25022
loc, 2: 25023-25025

Reference

Killeen & Heier')
(1975b) 881 ± 31 Ma 0.7098 ± 0.0028 6.56
Ski61d(1976) 890 ± 35 Ma 0.7110 ± 0.0034 1.10
This work Brekke 918 ± 36 Ma 0.7063 ± 0.0029 0.37
This work Brekke
+ Borge 918 ± 7 Ma 0.7063 ± 0.0008 0.74

spread in the I7Rb/16Sr ratio. Calculating a com
mon age for the two types yields an age iden
tical to that for the Brekke granite, 918 ± 7 Ma,

Rb/Sr age determinations

Sampling and analytical techniques
In this contribution to the geology and the
Rb/Sr systematics of the Iddefjord granite,
samples from two plutons were investigated.
From the Brekke granite, 8 samples from two
quarries were collected, and from the Borge
granodiorite 5 sampleswere taken. The analyti
cal techniques used during the work have
been described by Hageskov & Pedersen
(1981 ).

Results
Table 2 shows the data from the whole-rock
samples analysed in this investigation. Ages
and initial Sr isotope ratios have been cal
culated by meansof the programme by William
son (1968) using a A"Rb of 1.42 x 10.11 X a-'.
To make the results obtained during this study
comparable to those of Sklold (1976) and Kille
en & Heier (1975b), their data have been recal
culated using the same programme (in the
case of Sklold to obtain information on the
MSWD parameter, as Skiold (1976) had al
ready used the Williamson programme). Table
3 shows the isochrons calculated and recal
culated.

The Brekke granite yields an age of 918 ±
36 Ma with an initial Sr isotope ratio of 0.7063
± 0.0029 and a MSWD of 0.37 (Fig. 6). No
individual age has been calculated for the
Borge granodiorite due to only a very little
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Fig. 6: Rb/Sr whole-rock isochron diagram for the Brekke
granite (circles) and the Borge granodiorite (squares).
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similar to the age for the whole-rock/total mine
ral system (Table 4). The mineral age is signi
ficantly lower than the whole-rock age for the
Brekke granite. Sklold (1976) obtained similar
low ages on micas by the KJAr method where
as coarse-grained muscovite gave a higher
age.

Fig. 7: Rb/Sr isochron diagram for minerals from the Brek
ke granite. Minerals filled circles; whole-rock open circles.
The horizontal bar indicates the error of the Rb/Sr ratio for
the biotite analysis.

98

/
O§l

0'

I

765

-.82

f-.81

-.79

-.80

/
/

/

/ BREKKE GRANITE
P AGE: 918.t36 Ma

/

0 IR: 0.7063.tO.0029
MSWD:O.37

f- .78

~o

1JJ-

and an initial Sr isotope ratio of 0.7063 ±
0.0008 with a MSWD of 0.74.

To investigate the mineral system within the
Brekke granite, apatite, K-feldspar, plagioclase
and biotite were separated from sample no.
25021. The whole-rock/mineral system yields
an age of 841 ± 10 Ma (except apatite, which
falls clearly below the isochron) while the
whole-rock/biotite system gives 822 Ma (Fig.
7), which from a statistical point of view is

Table 4. Mineral separate results

Sampleno. "Rbl"Sr "Srl"Sr

25021/apatite 0.014 ± 3 0.7097 ± 2
25021/plagioclase 1.064 ± 5 0.7243 ± 2
25021/K-feldspar 8.23 ±4 0.8106 ± 2
25021/biotite 1071 ± 21 13.295 ± 30

Age, Minerals - WR')
841 ± 10 Ma. ("SrI"Sr)o: 0.7115 ± 0.0009. MSWD:
0.72

Age. biotite - WR:
822 Ma

') apatite omitted from the calculations

Discussion
The present investigation indicates that some
of the youngest plutons within the Iddefjord
granite have a higher age than that shown
by earlier published studies. This may be due
to the fact that the plutons have a systematic
variation in "Rbfl6Sr ratio together with a varia
tion in initial Sr isotope ratios. The initial Sr
isotope ratio for some of the plutons may be
lower than earlier reported. This has implica
tions for genetical considerations and the clas
sification of the batholith. Wilson (1982) and
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Wilson & Akerblom (1982) classified the Bohus
batholith as representative of an S-type gran
ite based on the initial Sr isotope ratio. The
present investigation does not unequivocally
support this classfflcation, either from a petro
logical or from a Sr isotope ratio point of vi
ew, as the initial Sr isotope ratio falls close
to the line separating the I-type granites from
the S-type granites.

The low mineral age is of interest and this
may be caused by slow cooling or alternative
ly by a younger thermal effect on parts of the
batholith resulting in resetting of the mineral
system.

Conclusions
The Iddefjord granite, which forms part of the
Bohus batholith, is among the abundant grani
tes formed in post-Sveconorwegian times in
southern Norway and southwestern Sweden.
It exhibits an age comparable to many of the
granites west of Oslofjorden, demonstrating
an important period of magmatism after the
Sveconorwegian orogeny. The Iddefjord grani
te consists of 13 individual plutons, some of
the youngest of which yield a common age
of 918 ± 7 Ma and an initial Sr isotope ratio
of 0.7063 ± 0.0008. In some ways the piu
tons are different from many of the granites
west of Oslofjorden, e.g. in having a slightly
higher initial Sr isotope ratio.

The mineral system yields an age in the
order of 820-840 Ma which is suprisingly
much lower than the whole-rock age, indica
ting a prolonged cooling history of the grani
te. Alternatively, a resetting of the mineral
system due to a younger heating of the grani
te may be considered.
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