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New data on net-veined complexes in the Oslo Rift,
southeastern Norway

TOM ANDERSEN,VIORICA MOROGAN & HENNING S0RENSEN

Ande rsen,T.,Mo roga n,V.& Sorensen, H.2004:New data on net- vein ed comp lexes in th e
Oslo Rift , southeastern Norway.NorgesgeologiskeundersekelseBulletin 442, 29-38.

Bodies of basaltic tr achyandesite occur in th e endocontact zone of the Mykle grani te again st the large Skrim larvi

kite massif in th e sout hern part of th e Oslo ig neo us province.
New Sr and Nd isotope data ind icate th at th e 8'Sr/86Sr (0.704023-0.70544) and E Nd (0.7-2.8) at 272 Ma of th e basalt ic
tr achyandesite are wi th in th e corr esponding ranges of larv ikite and th e Vestfold basalt s, but different from th e Skien
basalts.The isot opi c data suppo rt a model for th e origin of th e tr achyandesite by mixing of basic and granitic or sye
niti c melt s,w hich is also in accordance with trac e element data and petrographi c ob servati ons.Black and emulsif ied
tr achyande sites have uniform E Nd (+2.2 ± 0.5), but variable 8'Sr/86Sr, w hich indicate that th e melts we re heterogene
ous in Sr isoto pes at th e t ime of emplacement, most probably because of select ive int roduct ion of radiogenic Sr

from older rocks by a fluid pha se before or during emplacement. Globu lar bodi es of gran ite in th e basalt ic t rachyan
desite are surrounded by biot ite haloes in th e tr achyand esite and are th ou ght to be lumps of part ially con solidated
gra nite or of th e already consolidated granite pick ed up by th e hot t rachyandesitic magma.

Tom Andersen, tnstitutt for geofag, Univetsitetet i Oslo, Postboks 1047 BJindern, N-0316 Oslo, Norge. Viorica Morogan,
Rorstrandsqatan 19,4 tr; 5-11340Stockholm, Sverige. Henning Serensen, Geologisk tnstitut, 0ster Voldgade 10, DK-1350
Kobenhavn K, Danmark.

Introduction
Net-veined com plexes composed of g lob ular masses of fine
grained basic igneous rocks and veins of coarser grained
syenitic and gran itic rocks were described from the Late
Palaeozoic Oslo Rift by Morogan & Serensen (1994).The net 
veined complexes occur in the area around Lake Mykle in
the sout hwestern part of t he Rift, where they are located in
the complicated contact zone of a body of granite w hich
intr udes into pluto nic masses of larvik ite (Bonin & Serensen
2003).

The result s of Morogan & Serensen (1994) indi cate th at
mag ma of basaltic t rachyandesite (for simp licity hereaft er
called t rachyandesite) were emplaced into a granitic 
syenit ic mag ma chamber and rose along the walls of th e
chamber in a zone of weakness between a marginal shell of
already consolidated granite and the main mass of still at
least partially fluid granitic magma. The trachyandesite
for med sheets along the walls w hich were invaded by sev

eral generations of veins of syenite and gran ite (Morogan &

Serensen 1994, fig. 19).
In the present paper, new inform at ion on th e net-veined

com plexes of th e Myk le area are reported: (1) Sr- and Nd- iso
tope data on most of t he trachya ndesites analysed by
Morogan & Serensen (1994) and on some associated gran
ites; (2) description of an emulsified type of basic enclaves in
acidic rocks; and (3) ellipsoidal bodies of granite enclosed in
the main mass of trachyandesite .

Field relationships and petrography
Morogan & Serensen (1994) di sti nguished three types of
basaltic trac hyandesite :grey, black and hybrid.The grey type

is slig ht ly more coarse-gra ined th an the black type. Three

stages of crysta llization were observed in the black type : 1.
Macrocrysts of plag ioclase and c1inopyroxene; 2. Granula r
amphibole, biotite, c1inopyroxene, feldspar, iron -titanium
oxides, apatite and titanite; some quartz was also for med in
the grey rock at thi s stage. 3. A den se matrix of feldspar,
c1inopyroxene,amphibole, biotite, titanite and a multitude of
apati te needles and skeleta l crysta ls of iron-t itanium oxides.
Only stages 1 and 2 are present in the grey type. Xenocrysts
of c1inopyroxene and plagioc lase indicate tha t th e basaltic

trachyandesiti c magm as were formed by mixing of basalt ic
and trachyti c magm as.Trachyandesites containing grains of
quartz and potassium feldspar represent th e hybrid type
distinguished by Morogan & Sorensen (1994). (We use th e
term 'macrocryst' as a general, non -genetic term for phe
nocrysts and xenocrysts. Xeno crysts are di stinguished by
their morphology, reaction rims and chemical composition .)

Emulsified type of basic enclaves in granite
At Serrnyr to th e northwest of Lake Myk le (Fig. 1). th e con

tact between th e Mykle granite body and th e large Skrim
massif of larvikite to the north is sharp and we ll exposed .The
medium -grained redd ish granite of th e contact zone is 30 m
wi de and wi thout any traces of basic enclaves.To the south it
borders on a sheet of trachyandesite wh ich is a massive, fine

gra ined to aphanitic, grey and black rock intersected by sev
eral generations of veins of syenite and granite. The
youngest of t hese is coarse-grained and identical to the
ekerite (peralka line granite) w hich forms the major part of
th e Myk le granite body (Bonin & Serensen 2003, fig. 4).The
hom ogeneous t rachyandesite passes, afte r a few metres,
into a mott led rock composed of grey to black rounded
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Fig. 2.Emu lsified trachyandesite with interst itial grani te. Note the black dots of denser black colour
in the upper and lower parts of the photograph.Sormyr to the nor th west of lake Mykle. (Hammer
head 17 cm long ).

Fig. 1.Simp lified geo log ical map of the Mykle region .
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Ellipsoidal bodies of gran ite
in trachyandesite
The massive trachyandesite at
Sormyr conta ins scattered ell ipsoidal
'globules' of coarse-grained gran ite
measuring up to about 20 cm along
thei r long axes (Figs.3,4).Two granite
globules appear to coalesce and par
tia lly overlap (Fig. 4).There is a con
cent ration of biot ite in th e contact
zone bet ween granite and trachyan
desite which is difficu lt to see on
fresh surfaces (Fig. 3) but very dis
tinct on weathered surfaces (Fig.4).

globules enclosed in a mat rix which
appears to be a mixture of trachyan

desite and granite (Fig. 2).The glob
ules vary in size from a few mill ime
tres to several cent imetres. The
largest are of a more dense, black
colour th an th e smaller ones (Fig. 2).
This melange of basic globu les and
more felsic mat rix recalls the emu lsi
fied type of basic enclaves in acid
rocks described by Gourgaud (1 991).
The transiti on from the emulsified
rock to the main mass of granite to
the south is unexposed.

The massive trachyandesite
(101252) is of the black type distin
guished by Morogan & Sorensen
(1994). It is composed of amph ibo le,
biotite, plagioc lase, ti tanite, apatit e
needles and crysta ls as well as skele
tal crystal of Fe-Ti oxides.The amphi
bole is partly overg rown by biotite.
Patches of chlorite most probabl y
represent altered c1inopyroxene.
Quartz was not observed.

The emulsified rock (101253) is a
melange of trachyandesite and a
network of veins and nests of quar tz
and turbid pert hit ic pot assium
feldspar.The grain size of quartz and
K-feldspar is similar to or larger th an
th at of th e trachyandesite. It should
be not ed that the re is no concentra
t ion of biot ite in th e felsic parts of
the emulsified rock and that the tra
chyandesite does not appear to have
been mod ified dur ing the mingling
of basic and acid material. It is,how
ever, distinguished from th e tra
chyandesite to the north of th e
emulsified rock by th e presence of
scattered grains of quartz.
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Fig 3. Granite glob ule in
tr achyandesite; Serrnyr,
The globu le is 15 cm in
length. The light-colou
red surface above th e
hammer head is disco
louration of a fracture
surface.

The regional granite (101268) is coarsegrained and com 
posed of qu artz and turbid perthite. It contai ns scattered
grain s of plagiocl ase.There are small grains of blotite, zircon
and opaque min erals and aggregates of rusty material

which, from other exposures, are known to be alte ration
products of pyro xene and/or amphibole.This rock belong s
to th e fine- to medium-grained reddish gran ites distin 
gui shed by Bonin & Serensen (2003).

The granite of th e globules (92064, 101254, 101269) is
coarsegrained and dominated by qu artz and perth ite, in
part in micrographic intergrowths, and contains scatte red
small grains of brown biotite but also, in places, small grains
of green to bluish amphibole. There are aggregates of
amphibole, biotite, t itanite, opaque minerals and apat ite
wh ich are interpreted to be enclaves of trachyandesite. In
th e contact agai nst th e enclosing trachyandesite there is a
concentrati on of biotite which, tog ether with some qu artz,
impregnates th e trachyande site. It should be noted that
th ere appe ars to be no K-feld spar present in th e tr achyan
desite.

Mineral chemistry
The chemical composit ion of th e main minerals was
analysed wi th a JEOL 733 electron microprobe equipped
with a TRACOR energy-d ispersive syste m at th e Geological
Institute, University of Copenh agen. The pyroxenes were
classified after Mo rimoto et al. (1988) and th e amphiboles
after Leake et al. (1997).

Homogeneous trachyandesite and
emulsified basic enclaves
The main mafic phase in th e hom ogeneou s basalti c tr a
chyande sit e (101252) is biotite w ith a high Ti content and a

low Si content (Table 1, no.2).The amphibo les be long to th e

calcic group (CaB >1.5) and di splay a commo n magm atic to
sub-magmati c trend of crystallizat ion from magn esio-horn
blend e to act ino lite and also eden ite (Table 2, nos. 1, 2, 3),

simi lar to th e amph ibole analyses of Morog an & Serensen
(1994).

The emul sified basalti c tr achyandesite (101253 c) con
tains small grain s of a greenish pyroxene classified as an alu
minian (AI >0.1) and sodian (Na >0.1) augi te (Table 3, nos. 1,
2).This augite contains onl y 26 % Wo,very close to a subcal
cic augite composit ion which involves Ac (Na-Fe3+), Jd(Na
Alv i) and AI-Ts (Alvi-Aliv) subst it ut ions. It should be noted

that similar pyro xenes occur in th e groundmass of th e tra-

Fig.4.Coalescing granite globules in trachyandesite which isenriched in
bioti te adjacent to th e granite.The weathered trachyandesite is white.
Serrny r,
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*see Table 3 for abbreviations

Tab le 1. Representative compositions of biotite.

Tabl e 2. Repr esentat ive am phibole compos it ions.

1

Sample 101252
Rock type* h.b.tra

chyandesite hosting grani tic ellipsoidal bod ies (Table 3, nos.
3,7).

Ellipsoidal gran itic bodies in trachyandesite
The mineral chemist ry ofthe basalti c t rachyandesite (92064,
101254,10269) hosting the granite globules (92064,101269)
was found to be very similar to that of th e rocks described
by Morogan & Sorensen (1994).Three pyroxene types were
identified: aluminian diops ide macrocrysts (Table 3, nos. 5,
6), diopside phenocrysts (Table 3, no. 4) and small ground
mass grains of aluminian and sodian augite (Table 3, nos. 3,
7).The bioti te of th e trachyandesite shows fairly high Ti and
low Si contents (Table 1, nos. 5, 6), relative to the biotite of
the contact zone between t rachyandesite and gran ite ellip 
soids (Table 1, nos. 3 and 4) which exhibit s compos it ions
more similar to those of the gran ite.

At the contact with the gran ite ell ipsoids, the trachyan
desite contains very few augite grains (Table 3, no. 7) sur
rounded by biot ite. Calcic amp hiboles, magnesio
horn blende (Table 2, no. 7) and edenite (Table 2, no. 6) are
the main mafic min erals in the trachyandesite enclosing the
granite ellipsoids . The gran ite ellipso ids contain sodic
amphiboles (NaB> 1.5) such as magnesio-arfvedson ite and

magnesio-r iebeckite (Table 2, nos. 4,
5).The Fe-Ti oxides of trachyandes ite
and granite ellipsoids (Table 4) show
extensive re-equilibration.

0.47

96.46

39.10
2.81

10.98
22.22

0.32
11.05
0.08
0.09
9.81

5.991
0.324
1.983
2.847
0.042
2.523
0.013
0.02 7
1.917

6

92064
gt /b .tra

0.51

96.05

39.14
2.79

11.38
20.55

0.42
11.82
0.00
0.10
9.85

5.974
0.320
2.047
2.623
0.054
2.689
0.000
0.030
1.918

5

101269
b.tra /gt

4

36.97
3.58

12.42
21.75

0.13
11.14
0.16
0.09
9.99

96.23

37.89
3.66

12.18
19.26
0.18

12.07
0.09
0.06
9.97

95.36

2 3

101254
b.tra

36.29
3.90

11.80
25.76

0.19
8.02
0.00
0.00
9.66

0.36 0.53 0.48

95 .62

Cations (0 = 22)
5.739 5.806 5.695
0.464 0.422 0.4 15
2.199 2.200 2.255
3.407 2.468 2.802
0.025 0.023 0.017
1.890 2.757 2.558
0.000 0.015 0.026
0.000 0.018 0.027
1.949 1.949 1.963

37.12
2.84

11.83
25.64

0.41
9.01
0.23
0.15
8.80

0.39

96.03

5.806
0.334
2.181
3.354
0.054
2.101
0.039
0.045
1.756

Tota l

SiO,
TiO,

AI,O)
FeO
MnO

MgO
CaO

Na,O

K,O

XMg

Si
Ti

AI

Fe"
Mn
Mg

Ca

Na
K

" h.b.t ra = homogeneous basaltic trachyandesite; b.tra = basalt ic trach yand esite ; gt = gran ite
**ed = edenite ;act = act inolite ; Mhb = magnesio-hornblende;Marf = mag esino-arved sonite; Mr ieb

=magn esio-r iebeckit e

3 4 5

10 1269
gt /b.tra

Mh b Marvf Mri eb

Cations (0 =23)
8.210 8.305
0.000 0.000
0.166 0.077
0.076 0.090
0.866 1.699
0.018 0.037
2.233 1.814
0.089 0.157
2.430 2.171
0.212 0.177

7 8

92064
gt /b .t ra

Mhb Mh b
Whole-rock major and
trace element chem
istry

Four samples were selected for
chemical analyses:101252 represents
the homogeneous sheet of trachyan
desite; 101253c is a sing le black glob 
ular body about 5 cm in diamete r
from the emu lsified type of rock;
101253a is a collect ion of dark glob
ules from the emulsified rock hand
picked fro m the mixed rock; and
101253b is the who le emulsified rock
composed of basic and acid parts.
The results are presented in Table 5
together with the ranges in chemical
composit ion of the various types of
trachyandesite from net -veined com
plexes examined by Morogan &
Sorensen (1994).

The chemi cal composition of the
homogeneous massive trachyan
desite from Serrnyr falls within the
range in compos it ion indicated for
the grey type of trachya ndesite. The
single black globule of basic rock and
the collect ion of dark globules fall

49.02
0.91
4.06

14.98
0.65

13.27
10.66
2.04
0.52

96.11

7.36 1
0.639
0.103
0.080
1.651
0.083
2.970
1.715
0.594
0.100

1.715
0.309
0.409
0.230

0.64

49.26
1.13
4.63

16.04
0.47

12.97
11.02

2.35
0.64

ed Mhb

98.5 1

9 10

1.740
0.487
0.607
0.000

0.59

7.26 1
0.739
0.125
0.065
1.977
0.059
2.849
1.740
0.672

0.01 20

51.03
0.59
3.23

15.49
0.46

14.07
10.84

1.80
0.41

97 .92

7.495
0.505
0.065
0.054
1.903
0.057
3.080
1.706
0.513
0.077

1.706
0.138
0.452
0.000

0.62

50.78
0.70
3.81

14.51
0.54

14.26
10.81

1.70
0.39

97.50

7.455
0.545
0.077
0.114
1.781
0.067
3.120
1.700
0.484
0.073

1.700
0.14 1
0.416
0.000

0.64

98 .10

ed

49. 10
0.80
4.69

16.76
0.37

12.65
10.82

2.33
0.58

6

7.281
0.719
0.089
0.101
2.078
0.046
2.796
1.719
0.670
0.110

1.719
0.071

0.70
0.000

0.57

54.52
0.67
0.50

22.91
0.29
7.99
0.96
7.35
0.91

96.10

0.094
1.906
0.442
1.220
0.52

53.32
1.43
0.42

19.21
0.14
9.73
0.54
8.14
1.08

94.01

0.056
1.944
0.698
1.608
0.72

50.31
0.77
3.38

16.45
0.27

12.89
11.19

1.71
0.36

97.33

7.474
0.526
0.086
0.066
2.044
0.034
2.584
1.781
0.493
0.068

1.781
0.136
0.425
0.000

0.58

97.25

51.66
0.58
2.77

15.70
0.53

13.39
10.64

1.77
0.21

2

act

7.623
0.377
0.064
0.105
1.937
0.066
2.945
1.682
0.506
0.040

1.682
0.202
0.344
0.000

0.60

49.66
1.00
4.67

15.46
0.30

13.91
10.77

2.24
0.45

98.46

7.275
0.725
0.110
0.081
1.894
0.037
3.037
1.691
0.363
0.084

1.691
0.149
0.571
0.000

0.61

1

101252
h.b.tra

ed

Total

SiO,
TiO,

AI,O )
FeO

Mn O
Mg O
CaO

Nap
K,O

Sample

Rocktype*
Name**

Si
AI/V
Ti
AIVI

Fe"
Mn
Mg

Ca
Na

K

CaB

NaB
(Na+K)A
Fe)'

Mg /Mg+Fe
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Tab le 3. Represent ati ve com pos it io ns of pyroxen e from Serrnyr, a

1

Sample 101252
Rock type* h.b.tra

2 3

101254
b.t ra

4 5 6 7

101269
b.t ra /gt

Granites , Mykle area

1.5

Si02

Ti0 2

AI203

FeO

M nO

MgO

CaO

Na20

K20

50.61
1.11
4.3 2

16.92
0.52

13.12
11.08

1.77
0.46

50.90
1.10
4.51

16.07
0.52

13.53
11.00

1.76
0.53

54.99
0.16
1.81

12.82
0.44

16.87
11.81
0.79
0.19

51.23
0.53
1.92
9.26
0.47

12.67
23.40

0.40
0.08

50.62
1.03
3.02
7.71
0.56

13.42
23.04

0.54
0.05

48.79
2.11
4.13
9.6 1
0.24

13.70
20.83

0.57
0.00

53.7 1
0.27
1.87

14.60
0.75

15.42
11.53

1.49
0.00

l-

en
<0
co
"'i::

t-en 1.0
co

Age =272 +1/-6 Ma

Init ial 87Srfl6Sr =0 .70 33 ± 0.0032

Robust regression

* e.b.t ra = em ulsified basaltic t rachyand esite; b.tra = basalt ic trachyan

desit e; gt = grani te

Q 1.6
J 0.3

End m em bers
Wo 26
En 42
Fs 32 2.0

200

1.5

100

0.5

0.705

0 .703

0.0

0.711

0 .5

o
0.713

b

l-en 0.709
<0
co
"'i::

t-
en

0.707
co

Fig. 6. Rb-Sr isoch ro n di agr am a: Gran it es. b : Basaltic trachyandesites,

co mpa red to th e g ranit e reference lin e (sol id li ne) an d its error enve lope

(b ro ken lin es).

26
47
27

1.9
0.2

2.004
0.000
0.008
0.082
0.002
0.45 4
0.024
0.858
0.46 1
0.108
0.000

99.64

44
40
16

99.98

1.818
0.182
0.059
0.000
0.105
0.195
0.008
0.761
0.832
0.04 1
0.000

1.9
0.1

48
39
13

1.880
0.120
0.029
0.0 12
0.09 1
0.149
0.018
0.743
0.917
0.039
0.002

1.9
0.1

99 .99

48
36
16

1.9
0.1

99.96

26
48
16

1.8
0.2

99.88

Cat ions (0= 6)

2.038 1.918
0.000 0.082
0.004 0.015
0.079 0.003
0.000 0.083
0.498 0.20 7
0.014 0.01 5
0.93 2 0.707
0.469 0.938
0.057 0.029
0.009 0.004

26
44
30

1.6
0.3

1.903
0.097
0.031
0.102
0.085
0.417
0.016
0.754
0.44 1
0.128
0.025

99.92

1.900
0.100
0.031
0.09 1
0.098
0.433
0.01 7
0.734
0.446
0.129
0.022

99 .91

Si

AIIV
Ti

AiVI
Fe3+

Fe2+

Mn

Mg

Ca

Na

K

Total

chemically between th e homogeneous trachyandesite and
the composition of th e hybrid types analysed by Morogan &

Sorensen (1994), whereas th e mixture of basic and acid
rocks (101253b) fall s beyond the range indi cated for the
hybrid, but still homogeneous type of Morogan & Sorensen
(1994).The singl e black globu le (101253c) and th e collect ion
of dark globules (101253a) diffe r fro m the hom og eneous
trachyandesite (101252) in their distinctly higher Na20 and
lower Kp,Rb and Ba which indicates th at they have a lower

content of pota ssium feldsp ar.The sing le black globule also
has lower contents of REE.ln th e chondrite-normalised REE
diagram (Fig. 5), the homogeneou s basic rock (101252)

show s a st rong enrichment in LREE relati ve to HREE and no
Eu anomaly, as described by Morogan & Serensen, 1994, fig.
13) for the grey and black tr achyand esite. The emulsified
rocks (101253 a and b) display weak Eu anomalies and an
enri chment in th e HREE, as also found by Morogan &
Sorensen (1994) for the hybrid trachyandesite.

---cr 101252 homogeneou s trachyande site

-+- 101253c black globule

-0- 101253a composi te. black

-0- 102253b black emulsified

Fig. 5 Chondrit e nor malized REE diagram s. Cho nd ritic va lues fro m

Boynton (1984).
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Table 4. Composit ion s of iron-t itanium oxide s. 2003).The age indicated by the regres-
lA) IImenite (B) Magnetite sion line is indisti nguishable from

1 2 3 1 1 3 whole-rock Rb-Sr isochron ages of 270
Sample 101254 1012 69 920 64 Sample 101253 101269 92064 ± 4 Ma for syenite from the Siljan area
Rock type b.t ra b.t ra/gt gt /b.tra Rock type e.b.tra b.tra /gt gt /b .tra

(Sundvoll & Larsen 1990) and 271 ± 2
sio, 0.23 0.42 0.26 sio, 0.16 0.16 0.35 Ma for ekerite from the Eikern pluton
TiO, 50.01 50.01 50.30 TiO, 0.28 0.51 0.00 (Rasmussen et al. 1988). The initi al
AI,03 0.00 0.17 0.00 A/,03 0.00 0.19 0.00

Cr,03 0.00 0.01 0.00 Cr,03 0.02 0.08 0.06
87Sr/86Sr ratios of those isochrons

FeO 47. 17 45 .91 42.57 FeO 92.62 91.14 91.84 (0.7042±0.0003 and 0.7053 ± 0.0006,
MnO 2.59 3.06 3.67 MnO 0.21 0.14 0.00 respectivel y) are also indistinguishable
NiO 0.03 0.00 0.12 NiO 0.00 0.00 0.00 fro m the initial ratio of the present
MgO 0.00 0.20 0.00 MgO 0.35 0.15 0.00 regression line, with in its large uncer-
Tot al 100.03 99.78 96.92 Tota l 93.64 92.37 92.25 tainty.The poor fit may be due to a het-

Cati on s (0= 2) Cations °= 3) erogeneous initial Sr isoto pic com posi-
Si 0.006 0.011 0.007 Si 0.006 0.006 0.014 t ion on the scale sampled here, or to a
Ti 0.946 0.946 0.984 Ti 0.008 0.0 15 0.000 minor disturbance of some of the sarn-
AI 0.000 0.005 0.000 AI 0.000 0.000 0.082

pies with very high Rb/Sr; the elevatedCr 0.000 0.000 0.000 Cr 0.001 0.002 0.002
Fe 0.992 0.966 0.926 Fe 2.959 2.955 2.985 Rb/Sr and low Sr concentra tion make
Mn 0.055 0.065 0.08 1 Mn 0.007 0.005 0.000 these rocks suscept ib le to loss of radi-
Ni 0.001 0.000 0.003 Ni 0.000 0.000 0.000 ogeni c Sr during late-stage hydrother-
Mg 0.000 0.007 0.000 Mg 0.020 0.009 0.000 mal alterat ion and recent weathe ring.

Fe3• 0.096 0.082 0.019 Fe3• 1.971 1.947 1.971 The samples of grey, black and

Fe' · 0.896 0.884 0.907 Fe' · 0.987 1.008 1.014 emulsified trachyandesite have higher
Sr concent rations (133-781 ppm) and

End members % End members % correspondingly low 87Rb/86Sr (= 1.82).
iI 95 96 99 ulv 2 5 0 All points plot above the regression line
hm 5 4 1 mt 98 95 100

0.71 000.7080

Skienbasalts
Vestfoldand Jel0Ybasalts
Larvikite. Larvik pluton
Syenite and granite
Porphyritic syenite. la e Mykle

Preferredmantlesource,
Vestfoldbasalts (Neumann
etal. 2002)*
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Fig. 7. Sr and Nd isotopic com posi t ions at 272 Ma.The expan ded detail

in th e lower left part of the diagram shows the com posi tions of black

and emulsified trachyand esit es at 272 Ma, w ith ±2cr error bars, w here
these exceed th e sym bo l size (symbols as in th e main part of th e figure).

Black arrows:M ixing tr end s ill ust ratin g hydrothermal (horizontal arrow)

and bu lk (sloping arrow) contaminat ion trends of mant le-derived

magma w ith old, crusta l material. Sou rces of reference dat a: Skien
basalts: Dun worth et al. (200 1),Vest fo ld and Jel0Y basalt s: Neumann et

al. (2002), Larvikite, syenite and granite: Neum ann et al. 1988,Tronnes &
Brandon (1992), Porphyrit ic syenite: Andersen et al. (2004).The dyke is a
disrupted basic dyke de scribe d by Morogan &Sorensen (1994).

Rb-Sr and Sm-Nd isotope systematics
Rb, Sr, Sm and Nd concentrations in 10 samples of basaltic
trachyandesite, and 6 samples of grani te were determined
by isotop e dilut ion analysis, and Srand Nd isoto pe ratios by
thermal ionizat ion mass spectrometry, using Finn igan
MAT262 and VG 354 mass spectrometers in the Laboratory
of Isotope Geology at the Mineralogical-Geolog ical
Museum, University of Oslo (Table 6). Chemical separatio n,
spiking and analytical procedures were the same as used in
Andersen et al. (2001).During the period of analysis, the NBS
SRM 987 Sr isotope standard gave 87Sr/86Sr = 0.710190 ±
0.0000 50 (Zo, and the Johnson and Matthey batch No.
S819093A NdP 3 gave 143Nd/144Nd = 0.511101 ± 0.000013
(Zo). Samples 101252, 101253a, b, c, were analysed at the
Geological Inst itute, University of Copenhagen , by methods
described in Andersen et al. (2004).The mean value for th e
internal JM Nd standard (referenced against La Jolla) du ring
the period of measurement was 0.511115 for 143Nd/144Nd,
with a 2a external reproducibil ity of ± 0.000013 (five mea
surements).The mean 87Sr/86Sr value of the NBS 987 Sr stan
dard was 0.710248 wi th a 2a external reproducibility of
0.000011 (four measurements). Geochronological calcula
t ions were made using IsoplotlEx 3.0 (Ludw ig 2003).

The six samples of granite have low Srconcent rations (3
37 pprn ), and high 87Rb/86Sr ratios (9.8-208), and defin e a
poo r (MSWD=43) correlation line with an age of 272 +1/-6
Ma and an init ial 87Sr/86Sr ratio of 0.7033 ± 0.0032 (Fig. 6a),
using the robust regression algorithm in IsoplotlEx (Ludwig
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Table 5. Chemical analyses of trachyandesite shee t and emulsified type of encl aves from Sormyr, NW of lake Mykle, the Oslo
igneous province together with analyses quot ed from Morogan & Serensen (1994) .

101252 101253c 101253a 102253b range in range In range in
homogeneous single black hand-picked total analysis of composi tion of com pos ition of comp osition of
sheet of globule in concentrate of emulsified grey type of black type of hybrid type of
trach yandesit e emulsified dark part of trachyandesite trachyandesitc1) trachyande sitc ') trachyandesi te ' )

trachyandesite emulsified comprising
trachyandesitc basie and acid

components
Weight percent oxides

Si02 51.29 54.33 54.95 58.13 50.6-52.1 51.9-52.1 55.0-56.3
Ti0 2 2.89 2.53 2.47 2.08 2.6-3. 1 2.6-2.7 2.1-2.2
AI203 14.19 14.19 14.32 13.86 14.2- 14.6 14 .5-14 .8 14.7-15.0
Fe203 3.23 3.13 3.38 3.45 0.8-3.2 1.1-2.2 1.8-2.6
FeO 7.30 6.43 5.82 4.46 7.3-9 .2 7.3-8.5 5.7-5 .9
MnO 0.23 0.22 0.22 0.24 0.2 0.2 0.2
MgO 3.5 1 3.23 3.0 1 2.47 3.3-4.2 3.3-3 .4 2.5-2.7
CaO 5.48 4.89 4.85 4.12 5.4-6.5 5.6-5 .9 4.2-4 .5
Na20 5.0 1 7.18 6.55 4.94 4.2-5.3 5.2-5.4 5.3-5.5
K20 3.07 0.63 1.39 3.75 2.3-3.4 3.1-3.2 3.5-3.9
P20 j 1.73 1.47 1.43 l.2 1 1.0-1.8 1.6 I. 1-3.1
lo i 1.25 0.8l 0.86 0.70 1.6-2.3 1.3- 1.5 1.5
total 99.18 99.04 99.25 99.42

CIPW norm
q 0 0 0.77 6.68 0 0 0-0.06
/le 0 0 0 0 0-0.65 2.08-2.89 0
hy 1.53 5.44 8.22 5.44 0.28-7 .10 0 2.01-8.92

Parts per million
Sc 19.2 17 16.5 14.6 18.0- 19.7 17.9- 19.0 14.8-16.6
Cr 3 4 3 <3 3.0-3.6 3.0-3.4 4.0-4.1
Rb 141 66 109 202 106- 124 8 1- 132 119-135
Sr 494 328 355 322 503- 739 5 15-528 382-412
Pb 10 II 9 14
Ba 1020 127 270 683 727- 1090 1030-1060 9 13-9 16
Zr 475 547 565 605 304-506 475-536 7 17-771
Hf 13.6 n.d 15.4 17.2 8. 1- 11.2 10.9-11. 9 16.5-18.1

b 163 133 128 132
Ta 6.0 n.d 7. 1 7.6 3.7-5.2 5.1-5.4 6.8-8.0
Y 79 87 86 87 48-68 6 1-86 67-76
Th 9 10 13 19 5.3-7.9 6.9- 16.8 13.7-2 1.8
U n.d. n.d n.d n.d n.d 2.8 4.9-5.2
Cs 6. 1 n.d. 6.2 4.0 3.9-5.2 1.8-4.5 2.2-6.4
La 100 54 68 74 6 1- 100 94- 102 101-1 11
Ce 232 150 186 174 137-215 203-224 226-235
Nd 115 92 102 9 1 78- 116 109-117 112- 116
Sm 20 n.d. 20 19 12.5-17.8 18.2-1 9.8 18- 18.1
Eu 5.8 n.d. 5.1 4 3.7-5.9 5.9-6.0 5.1-5.5
Tb 3.0 n.d. 3.2 3 1.92-2.63 2.58-2.94 2.58-2.70
Yb 8. 1 n.d. 5.5 8.1 4.33-5.76 4.97-7.12 6.34-7.55
Lu 1.0 n.d. 1.2 1.2 0.6 1-0.73 0.71-0.87 0.83-0.94
Zn 17 99 94 9 1
Ni 13 4 4 3
V 193 135 141 112
Cr 3 4 3 <3
Ga 25 27 28 27
Th/La 0.09 0.19 0.19 0.26 0.07-0.08 0.07-0.16 0.14-0.20
Th/Ta 1.50 1.83 2.50 1.35- 1.54 1.36-3.11 2.0 1-2.72

Analysed at the Geological Survey of Denmark and Greenland and the Geological Institute, University of Copenhagen
(J.c. Baily) and Tracechem A/S, Copenhagen (R. Gwozdz).
I ) from Morogan and Sorensen (1994). n.d. =not analysed
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Table 6. 5r and Nd isotope data

Sample Rb Sr 87Rb/8' Sr 87Sr/8'Sr +-2cr Sm Nd ' 47Sm/'44Nd 143 Nd/ ' 44 Nd +-2cr 87Sr/8'Sr
parts per million parts per million 272 Ma

Basalt ic tracbyandesites

92061 dyke (dark) 125 781 0.4637 0.70610 0.000011 20.1 108 0.1138 0.512598 0.000007 0.704310

23279 black 25 133 0.5345 0.70751 0.000043 5.69 30.8 0.1124 0.51263 0 0.000009 0.705440
23289 black 118 4 12 0.8305 0.70786 0.000042 22.2 123 0.1098 0.512604 0.00000 6 0.704643
772 19 black 136 536 0.7337 0.70716 0.0000 09 21.0 112 0.1144 0.512609 0.000010 0.704318
77192 black 80 527 0.4410 0.70629 0.000013 22.3 122 0.1117 0.512621 0.000010 0.704585
78312 black 138 384 1.0422 0.70839 0.000010 22.8 125 0.1111 0.512620 0.000005 0.704352
77232 grey 112 488 0.6616 0.70679 0.000056 22.3 121 0.1124 0.512618 0.000008 0.704225
77238 gre y 124 507 0.7076 0.7070 2 0.00001 2 23.5 125 0.1145 0.512625 0.000007 0.704285
7724 1 grey 109 734 0.4283 0.70636 0.000087 15.4 82.0 0.1144 0.512526 0.000007 0.704701
77191 g rey 124 505 0.7111 0.70708 0.0000 24 22.4 121.9 0.1118 0.512601 0.000006 0.704330

Emulsified e nclaves
H5101252* blac k, homog 141 494 0.8260 0.70744 0.000023 20.0 104 0.11591 0.512604 0.000005 0.704240
H5101253a* black emulsified 109 355 0.8886 0.7078 4 0.00001 7 19.3 95.1 0.12274 0.51261 5 0.00000 5 0.704401
H5 101253b* total mixture 202 322 1.8155 0.71146 0.0000 23 17.7 89.3 0.11982 0.5126 11 0.000004 0.70443 5
H5 101253c* sing le black globule 66 328 0.5823 0.7067 51 0.0000 20 17.9 91.4 0.11864 0.512621 0.000006 0.7044 97

Granites
8604 4 Med ium-gra ined granite 82 24 9.817 0.74226 0.000009 7.78 44.4 0.1068 0.512622 0.0000 10 0.704 271
8606 9 Fine-gra ined granite 236 18 38.61 0.85290 0.000022 16.6 72.0 0.1408 0.512676 0.000010 0.703461

86045 Ekerite 261 4 208.1 1.51013 0.000029 18.1 70.8 0.1559 0.512673 0.000007 0.704688
86057 Ekerite 272 37 21.32 0.78366 0.0000 27 10.9 45.3 0.1466 0.512688 0.000009 0.701161
86035 Fine-grained gra nite 265 17 46.33 0.88289 0.000012 19.1 102 0.1137 0.512608 0.0000 09 0.703590
86018 Fine-g rained gran ite 88 3 97.89 1.07818 0.0000 29 1.30 6.29 0.1264 0.512638 0.000014 0.699342

*: Analysed at th e Geological Institute , Cop enhagen University, Denmark (Robert Fre i, anal yst).

for the granites , but are wi thin it s large error envelope (Fig.
6b). Time-corrected 87Sr/86Sr and ENd at 272 Ma are com
pared to the rangesof extrusive and intrusive rocks from th e
Oslo Region in Fig. 7 (for sources of reference data,see figure
capt ion). The black and emulsified trachyandesites show
uniform initia l Nd isotope compos it ion (ENd= +2.2 ±0.5),but
show variations in 87Sr/86SrmMa in excess of analyt ical error
(Fig. 7, expand ed detail), defining a sub-ho rizontal t rend in
the diagram to wards increasing 87Sr/86Srm Ma' A disrupted
basic dyke, and th ree of th e four samples of grey trachyan
desite, have Sr and Nd isotopic compositions at 272 Ma
indi stingu ishable from the low-87Sr/86Sr end of the trend of
the black and emulsif ied trachyandesites, whereas the
four th sample of grey trachyandesite (77241) falls off
to ward s significantly lowe r epsilon Nd and slightly increased
87Sr/86Sr270Ma, suggest ing a separate mixing tr end.

The granitic samples show ENd at 272 Ma in the range
+2.1 to + 2.8, overlapp ing w ith the main group of basaltic
trachyandesite.The t ime-corrected 87Sr/86Sr rat ios have such
large uncerta int ies (above), that on ly two of the six granite
samples analysed (Table 6) plot wi thi n the scale of Fig.7.

Discussion
Based on pet rogr aphy, mineral chemistry and major and
trace element chemistry, Morogan & Sorensen (1994) pro
posed that the trachyandesit ic members of the net-veined

com plexes are hybrid rocks form ed by mixing of basaltic
and trachyt ic magmas in the deep crust. These hybrid mag
mas were injected into a part ly consolidated granit ic/
syenitic magma chamber which led to addit ional hybridiza
t ion.

The occurrence of edenite in th e homogeneous tra
chyandesite and in the trachyandesite hosting the granite
globules indicates that the trachyandes it ic magma was
under infl uence of a granitic component during crystalliza
t ion.This inference comes from the fact that edenit ic com
posit ions are similar to the amphiboles formed close to
granite describ ed by Morogan & Sorensen (1994), and are
considered to reflect P-T-X cond it ions of crystallizat ion con
trolled by the gran itic magma.

The low-Ca augite of th e trachyandesite could be
explained by rapid coo ling cond itions; in th is case, possibly
due to small dro ps of a hot ter basic magma qu ickly emulsi
fied wi thin a cooler grani tic magma.The emulsi fied type of
enclaves may be explained by the fragmentat ion of pi llows
of basic magma into smaller g lobu les whi ch were mixed
with the host acidic magma (cf. Gourgaud 1991).The chemi
cal data ofTable 5 show, however, that the basic globul es of
th e emu lsified rock (101253a, c) are chemically distinct from
the screen of homogeneous trachyandesite (101252) and
also from the mixed rocks (101253b).When compared wi th
the homogeneous trachyandesite, th e emulsified bodies
have higher contents of Si02, Nap, Zr and Y, and lowe r con-
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Conclusions
The new field and petrograph ical ob servati on s present ed
here,and the major and tr ace element data, suppo rt a petr o
genetic mod el for the generat ion of net-veined complexes
con sisting of trach yand esiti c and granitic/ syenitic compo
nents as proposed by Moro gan & Serensen (1994). The
mod el involve s a fir st stage of mixing of magm as at depth,
followed by in-sit u mingling of mafic and felsic magm as
w hen tr achyande sit ic melts were injected into a solidifying
gran itic or syenit ic magma chamber.Sr and Nd isotope data
add further support to th is model, and indicate th at th e tra
chyandesit ic component in th e net-veined complexes is
eit her genetically related to larvikite or basaltic lavas of th e
Vestfold-Jeloya type, or derived from a similar mantl e
source. Variation s in initial st ront ium isotope compositions
in the trachyandesite, wh ich are uncorrelated wit h
neo dymi um isotopes, are due to select ive int roduct ion of
more radiog enic st ront ium by a flu id phase before or during

tr end, mo st likely att ributable to bulk contamination w it h

material w it h C Nd =0 and 87Sr/86Sr272Ma =0.7045. Precamb rian
basement rocks (Ande rsen & Knudsen 2000) or crustally
contaminated, Late Paleozoic graniti c or syeniti c rocks may

be suitable conta minants (Fig. 7).

The elli psoidal bodies of gran it e enclosed in massive tra
chyande site present a special probl em.The granite iscoarse
grained and cannot be distinguished from th e main body of
granite enclosing th e net-vein ed comp lexes.The enclosing
trachyandesite is enric hed in bioti te up to abo ut 2 cm fro m

th e contact wit h th e granite. The granite bodies have
rounded ellipsoidal shapes and two such round bod ies may

coalesce. The following exp lanations may be prop osed for
th e origin of th e granite bodie s.

(1) The granite globules repre sent lumps of partl y con
solidated granite eng ulfed by th e intruding basic magma.
Crystall ization of th e granite was exte nded by inclusion in
th e hotter basic magm a, w hich explains th e large grain size
of th e granite and th e coalescence of two such partl y liquid
globules. Fluids expelled from the crystall izing granit ic melt
may explain th e formation of biotite at th e expense of th e
amphibole of th e enclosing trachyandesite. A variatio n of
thi s explanat ion is th at fragm ents of already consol idated
granite were caught by th e invad ing hot basic magm a and
were softe ned and perhaps part ly melt ed in th eir margin al
part s, w hich expl ains th e rounded shapes. Reactions wi t h
vol atil es released from th e partly molten granite fragm ent s
were th e cause of the formation of biotite in th e host basic

rock.
(2) The ellipsoidal bod ies of granite are cross sect ions of

pipes of granite invading th e tr achyandesit e.
The lack of longitudinal sect ions of such pipes suggests

th at explanation (2) is unlikely, and explanat ion (1) is th ere
fore preferred.Thus, th e emulsified rocks show min glin g of
dropl ets of basic magm a wi th granit ic magm a, w hereas th e
granite ellipsoids in t rachyandesite ind icate th e opposi te

relationship.
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272 Ma

tents of Ti02, MgO, CaO, Kp, PP s,
I.o.i., Rb, Sr, Ba and LREE, contents
w hich fall outside th e range of th e
earlier analysed trachyandesites of
Table 5. When compared with the
mixed rocks, th e black globules

have higher Ti02, AIP 3' MgO, CaO,
Nap , pp s, l.o.i., Scand Sr,and lower
Si0 2, FeO, Kp , Rb, Ba, Zr, Hf and Th.
This ind icates th at a combination of

mechanical and chemi cal mixing
has been involved in th e formation
of th e emulsified rock and th at th e
trachyand esitic magma was chemi
cally inhomogeneous at th e time of
intrusion.

Morogan and Sorensen (1994)

used th e Th/La and Th/Ta ratios of
th e Mykle net -veined rocks
togeth er wi t h rat ios of some other
rocks from the Oslo Rift, in order to
depict mixing between mantle
derived magma s and material of
lower and/or upper crustaI origin.
The Th/La and Th/Ta ratios of the
hom ogen eous tr achyandesite
(Table 5) are similar to those of th e
grey trachyandesite from Mykle,
which plotted on a mixing line
between mantle and lower crustal

materials (Morogan & Soren sen 1994, fig. 18). The much
higher rat ios exhibited by the emul sified trachyandesite
samples (Table 5) indicate mixing wit h an upper crustal
material , i.e., in a granite/ syenite magma chamber.

All but two of th e samples of basaltic trachyand esite
analysed by Morogan & Sorensen (1994 ) fall within th e
range s of 87Sr/86Sr and C Nd at 272 Ma of basaltic lavas of th e
Vestfold and Jeleya regions,and of larvikite from th e Larvik
pluton (Fig. 7). On the other hand, the composit ion of th e
basaltic trachyande site is distinctly different from th at of th e
Skien basalts. The trachyandesitic component in the net 
veined complexes at lake Mykle may therefore be geneti
cally related to th e moderately alkaline lavas of the Vestfold
Jeley area, and/or to larvikite, or it may have been derived
from a similar mantl e source. The much more alkaline and
silica-undersaturated magm as of the Skien basalts,and th eir
mantle source,cannot have contributed to the petrog enesis
of the trach yand esite in th e net -veined complexes.

The tend ency of a sub-horizon ta l tr end to ward s increas
ing initial 87Sr/86Sr in th e black and emulsified trach yan
desites (Fig. 7, expanded detail) indicates th at th e black tra
chyandesite (including th e black components in th e emulsi
fied rock) was initially heterogeneous in st ront ium isotopes,
most likely because of selective introducti on of Sr w ith ele
vated 87Sr/86Sr by an aqueous flu id prior to or during
emplacement. The one out lying sample of grey tr achyan
desite, on th e other hand, may suggest a different mixing
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emplacement of the trachyandesi ti c melt. Ellipsoidal bodies
of granite contained in the trachyandesite represent blocks

of granite or pockets of partly solidified gran it ic melt
engulfed in the mafic component during the mingl ing
process.
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