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Abstract 

The Fellingsbro granite sensu stricto is a massive coarse-grained rock characterized by red, angular micro­
cline megacrysts up to 7 cm long. The Lisjo granite is of the same type as the Fellingsbro granite but is situated 
20km to the NE. Both intrusions belong to a belt of c. l.78Ga old granites coinciding with the major 
so-called Central Swedish Gravity Low. Gravity studies suggest that the Fellingsbro and Lisjo granites rose 
from a huge granite ridge through structurally controlled root zones, forming mushroom-shaped intrusions. 
These porphyritic granites have the geochemical characteristics (e.g. high Y, Nb , Zr and HREE) of granites 
generated in 'within-plate' or tensional rifting environments. Even-grained granites of approximately the 
same age occurring in heterogeneous mixtures of granites, pegmatites, xenoliths and partly assimilated 
country rocks e.g. in the Fellingsbro and Lasen areas, probably represent minimum melt type rocks that have 
not moved far from their source. The even-grained interior of the Lisjo granite and the contemporaneous 
Dingtuna and Pingstaberg granites, were generated by differentiation of granites with similar characteristics 
as the porphyritic Fellingsbro granite. 

Recently published U-Pb zircon datings have demonstrated that the Smaland-Varmland granite-porphyry 
Belt has approximately the same age as the granites in this study. We speculate that both groups were 
emplaced in a tensional environment on the continental side of a subduction related calc-alkaline belt, 
remnents of which may be preserved in the SW Swedish Gneiss Region. The Fellingsbro and Lisjo granites 
were generated more towards the interior of the pre-existing c. 1.89 Ga old continent than the Smaland­
Varmland granites. 

Introduction 

Traditionally the development of Svecofennian 
(Svecokarelian) granitoids in Sweden was thought 
to be dominated by two major stages (Lundqvist 
1979). Recent U-Pb zircon datings confirm the field 
observation of two major age groups (Wilson et al. 
1985; Patchett et al. 1987; Skiold 1987; Welin 

1987). During the early stage (l.89-1.86Ga), gra­
nitoid suites were formed. These granitoids have 
wide compositional ranges and are commonly fo­
liated. Most of the supracrustal rocks present were 
deposited during this early period or slightly be­
fore. The supracrustal rocks , as well as the early 
granitoids, have been affected by a major episode 
of deformation and metamorphism (Luri.dqvist 
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1979). The younger granitoids (1.80-1.75 Ga) con­
sist of suites with more restricted compositional 
ranges. These are generally true granites. In the 
following text, the two groups of granitoids will be 
referred to as older and younger granitoids, respec­
tively. 

A belt of c. 1. 78 Ga old (Patchett et al. 1987) 
granite intrusions (Fig. 1) occurs at the southern 
margin of the Vdala-Uppland older batholith 
(compositional range gabbro to granite). This 
granite belt coincides with a major negative gravity 
anomaly, the so called Central Swedish Gravity 
Low, striking from the Baltic Sea north of Norr­
tiilje down to Lake Malaren, where it changes di­
rection and follows the Malaren-Hjalmaren syn­
clinorium (Stephansson 1975). Detailed gravity 
studies suggest that the large negative gravity 
anomaly is caused by a huge granite ridge, and that 
the exposed granite intrusions have risen from this 
ridge through rather narrow root zones (Ohlander 
& Zuber 1988). 

This paper summarizes the results of geochem­
ical studies of two of the exposed intrusions (Oh­
lander & Zuber in press) the Fellingsbro and Lisjo 
granites (Fe and Li and Fig. 1), and compares them 
with new chemical analyses of the contemporane­
ous Dingtuna, Lasen and Pingstaberg granites (D, 
La and Pin Fig. 1). We discuss some aspects of the 
genesis of the younger granites in south central 
Sweden. The Fellingsbro, Lisjo and Dingtuna 
granites are situated just southeast of the old 
mining district Bergslagen, while the Lasen and 
Pingstaberg granites lie in the centre of it. 

Rocks studied 

The Fellingsbro granite complex 
This complex has been U-Pb zircon dated to 1.78 ± 
0.01 Ga (Patchett et al. 1987), and a similar granite 
(close to M in Fig. 1) has been Rb-Sr dated to 
1.72 ± 0.01 Ga (Oen & Verschure 1985). The Fel­
lingsbro granite sensu stricto is a massive, medium­
to coarse-grained rock characterized by red angu­
lar perthitic microcline megacrysts up to 7 cm long 
(Lundegardh 1983). The matrix is red to reddish 
grey. Microcline , plagioclase ( andesine), quartz 

and biotite are the major minerals. Minor horn­
blende occurs in the quartz-poorest varieties. The 
mafic minerals, the feldspars and often quartz oc­
cur as clearly defined well-shaped crystals indicat­
ing crystallization from a melt. Common accessory 
minerals are opaques (particularly magnetite) 
sphene, zircon, apatite, epidote, allanite and fluo­
rite. The plagioclase is always sericitized to some 
extent and the biotite is often chloritized. The Fel­
lingsbro granite has sharp contacts and no chilled 
margins (Gorbatschev 1972; Lundegardh 1983). 
However, large microcline megacrysts are devel­
oped in the adjacent surrounding rocks. 

Although even-grained varieties are occasional­
ly included in the normal variation of the Fellings­
bro granite, clearly defined areas of fine- to medi­
um-grained massive granites occur, both within 
and outside the porphyritic granite (Gorbatschev 
1972). The even-grained granites are . slightly 
younger than the porphyritic granite, and partic­
ularly outside the Fellingsbro granite massif, char­
acterized by abundant pegmatites, xenoliths and 
ghost structures, in marked contrast to the Fellings­
bro granite sensu stricto . 

The Lisj6 granite complex 
This forms an elliptical exposure situated c. 20 km 
NE of the Fellingsbro area (Fig. 1). The marginal 
zone of the Lisjo granite is a highly magnetic, 
coarse porphyritic granite, similar to the Fellings­
bro granite. The frequency of microcline mega­
crysts decreases irregularly towards the interior of 
the intrusion where even-grained varieties occur 
(Lundegardh & Nisca 1978). An underlying mag­
netic granite just reaching the present surface 
forms the magnetic rim of the intrusion (Ohlander 
& Zuber 1988). The Lisjo granite, like the porphyr­
itic Fellingsbro granite, is characterized by a lack of 
pegmatities and the rare occurrence of xenoliths. A 
molybdenite-mineralized aplite near the northeast­
ern part of the granite was mined during World 
War II (Hubner 1971). 

The Dingtuna granite 
This occurs just to the SE of the Lisjo massif. It is a 
medium grained, even-grained and light pinkish 
grey granite which resembles leucocratic varieties 
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Fig. 1. Generalized geology of South Central Sweden. Modified after Magnusson et al. (1960). The area with detailed gravity 
measurements presented by Zuber (1985) and Ohlander & Zuber (in press) is marked by a rectangle. The Bouger anomalies are 
according to Wideland (1946). Fe= The Fellingsbro granite complex, Li= The Lisj6 granite complex, D =The Dingtuna granite, P = 
Pingstaberg granite (note that the size of granite is much smaller than the Pon the map), La= The Lasen granite. Fa, M, Hand B 
represent granites that are discussed in the text. 

occurring in the interior of the Lisjo granite. Al­
most aplitic varieties have been observed. In one 
sample (not the most leucocratic) small quantities 
of molybdenite were observed. 

The Pingstaberg granite 
This forms a small semi-circular exposure (Fig. 1) 
(diameter 1.0-1.5 km) U-Pb zircon dated to 1. 78 ± 
0.05 Ga (Billstrom et al. 1988 this issue). The 
southeastern part of the intrusion is mineralized 
with molybdenite. The Pingstaberg granite is a 
fine- to medium-grained granite, generally mas­
sive, but along the northern contact weakly foliated 
varieties occur. It is a red granite, but becomes 

greyish in the mineralized part. The contact with 
the surrounding rocks is not well defined and apo­
physes of pegmatites and aplites are common; even 
at some distance from the central intrusion. 

The major minerals are quartz , microcline and 
oligoclase. Accessory minerals are biotite , zircon, 
magnetite, fluorite , apatite and xenotime. Sericite, 
chlorite and epidote occur as secondary minerals. 
In the mineralized zones, molybdenite, pyrite and 
occasionally chalcopyrite occur. 

The Lasen granite 
This occurs about 20 km NW of the Pingstaberg 
granite (Fig. 1) (Hjelmqvist 1966). Both coarse 
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porphyritic varieties (mainly in the northern parts) 
and even-grained finer grained varieties (mainly in 
the southern parts) occur. Pegmatities and rem­
nants of country-rocks are common. The granite is 
a quartz-microcline-oligoclase rock with varying 
amounts of biotite. Typical accessory minerals are 
zircon, apatite and magnetite. 

Geochemistry 

Analytical methods 
All samples were analysed for Ba and the major 
elements (except K20) at Lulea University by 
emission spectroscopy using an inductively coupled 
plasma as the excitation source. In addition, K20 
was analysed at Lulea University using flame emis­
sion. Trace amounts of Rb, Sr, Y, Nb, Zr, Ga, Cu, 
Zn, Pb, U, Th and Mo were determined by energy 
dispersive XRF at the Open University, Milton 
Keynes, England. In six samples of the Fellingsbro 
granite and four of the Lisjo granite the REE were 
analysed at the Open University using instrumental 
neutron activation analysis . In four of the Ping­
staberg samples, and two of the Lasen samples, the 
REE were concentrated by a cation exchange pro­
cedure (Thompson & Walsh 1983) and then ana­
lysed at Lulea University by ICP-spectroscopy. 

Major element chemistry 
Chemical analyses of typical samples are presented 
in Table 1. In the discussion of the chemistry, the 
Fellingsbro granite complex has been subdivided 
into porphyritic granites (Fellingsbro granite type 
sensu stricto) and finer, even-grained varieties. The 
Lisjo granite complex has been subdivided into 
granite of the 'magnetic-rim' and 'normal' Lisjo 
granite. In all samples analysed K20 (wt.%) dom­
inates over Na20. 

All samples have been classified using the Q-P 
diagram (Fig. 2) of Debon & Lefort (1982). Al­
most all samples from the Fellingsbro granite com­
plex fall in the granite field of the diagram, with a 
clear separation between the porphyritic and even­
grained rocks; the latter lying slightly above and to 
the right of the former , mainly due to higher Si02 

and lower CaO contents. A similar separation can 

-100 -50 50 
P = K - ( Na+ Ca) 

Fig. 2. Q-P diagram after Debon & LeFort (1982). Molar pro­
portions. The individual sample points are not shown for the 
Fellingsbro and Lisj6 granites, but are instead shown as lines 
encircling the samples. PF = the porphyritic Fellingsbro gran­
ite, EF = Even-grained granites from the Fellingsbro area, 
ML= The magnetic rim of the Lisj6 granite, NL= Normal 
Lisj6 granite, star= outlier of the porphyritic Fellingsbro gran­
ite, plus sign = outlier of the even-grained granite from the 
Fellingsbro area, triangles= The Dingtuna granite, filled cir­
cles= The Pingstaberg granite, open circles = The Lasen gran­
ite. The classification fields are as follows: 1 = granite, 2 = 
adamellite, 3 = granodiorite, 4 = tonalite, 5 = quartz syenite, 
6 = quartz monzonite, 8 = quartz diorite, 9 = syenite, 10 = 
monzonite, 11 = monzogabbro, 12 = gabbro. 

be found in the Lisjo granite complex where the 
samples from the magnetic rim resemble the least 
silicic porphyritic Fellingsbro samples. The Ping­
staberg samples, and most of the Lasen samples, 
fall in the field of the even-grained Fellingsbro 
granite and in the uppermost part of the field of the 
porphyritic Fellingsbro granite. Only one of the 
Dingtuna samples lies outside the latter field. 

In Figure 3 the alumina saturation is plotted 
against the sum of mafic major elements (after 
Debon & LeFort 1982). Leucogranites of most gra­
nitoid series converge to a slightly peraluminous 
character, but granitoid series derived by remobil­
ization of sedimentary rocks tend to be completely 
peraluminous (Debon & Lefort 1982). It is obvi-
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Fig. 3. A-B diagram after Debon & LeFort (1982) . Molar 2 
proportions. Symbols as in Fig. 2. 

ous in Figure 3 that the least differentiated samples 
from both the Fellingsbro and the Lisjo areas are 
distinctly metaluminous. 

The porphyritic Fellingsbro granite has, on aver­
age, higher contents of Ti02, Fe20 3-tot, MnO, 
MgO and CaO but lower contents of Si02 than the 
even-grained granite. The contents of Al20 3, Na20 
and K20 are roughly equal. The same observation 
can be found for the Lisjo granite complex where 
the samples of the magnetic rim have higher con­
tents of the mafic elements, and lower of Si02 , in 
comparison with the normal Lisjo granite . In this 
context the Dingtuna, Pingstaberg and Lasen gran­
ites resemble the even-grained Fellingsbro and the 
normal Lisjo granites, Pingstaberg being most leu­
cocratic. Although the Si02 ranges are rather nar­
row, 65 .2-76.8 wt.% for the Fellingsbro granite 
complex, the trends on variation diagrams are dis­
tinct (Fig. 4). There is no discontinuity between the 
porphyritic Fellingsbro granite and the even­
grained granites. 

Trace elements 
The trace element characteristics confirm the simi­
larity between the Fellingsbro and the Lisjo granite 
complexes (Table 1). The magnetic rim of the Lisjo 
granite has almost the same trace element contents 

65 70 

Fig. 4. Variation diagrams. All values are in wt.%. Symbols as 
in Fig. 2. 

as the porphyritic Fellingsbro granite . The normal 
Lisjo granite is somewhat intermediate in trace 
element characteristics between the porphyritic 
Fellingsbro granite and the even-grained granite 
from the Fellingsbro area. As could be expected 
from the major element chemistry, the porphyritic 
Fellingsbro granite has higher contents of Sr, Ba, 
Zn and Zr than the even-grained granite. In addi­
tion, the same is true for Y and Nb while the 
reverse is true for U, Th and Rb. For Pb , Ga, Mo 
and Cu no significant differences have been observ­
ed. The magnetic rim of the Lisjo granite complex 
has higher contents of Ba, Zn, Sr, Y and Zr than 
the normal Lisjo granite, and lower contents of U, 
Th and Rb. No obvious differences were observed 
for Mo, Nb, Cu, Pb and Ga. 

The Dingtuna, Pingstaberg and Lasen granites 
have trace element contents resembling those of 
the even-grained Fellingsbro and the normal Lisjo 
granites. All three have, however, lower Pb-con­
tent , and the very leucocratic Pingstaberg granite 
has lower contents of Sr and Zn and much higher of 
Y and U . One significant difference between the 
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Lasen granite and all the other granites is its lower 
Rb content. It tends to have slightly lower contents 
of Y and Nb, even when compared with the even­
grained granite from the Fellingsbro area which 
otherwise has the lowest contents of these ele­
ments. 

samples fall distinctly in the within-plate granite 
field in the Rb vs. Nb+ Y diagram (Fig. 5) as 
defined by Pearce et al. (1984). Some samples of 
the even-grained granite from the Fellingsbro area, 
normal Lisjo granite and Lasen granite fall outside 
this field. 

The high contents of Y and Nb ensure that most As with the major elements, most samples lie on 

Table I. Chemical analyses of typical samples of the various granite types. Si02-LOI in wt. % , Ba-Lu in ppm. 

Porphyritic Fellingsbro granite Even-grained Magnetic Normal Lisj6 Pingstaberg 
granite from rim of the granite granite 
the Fellings- Lisj6 granite 
bro area 

Dingtuna 
granite 

Utsen 
granite 

85002 85008 85012 85014 85022 85001 85027 85102 85104 85101 85112 84602 84618 86043 86045 84613 84615 
Si02 

Ti02 

Alz03 

Fe20rtot 
MnO 
MgO 
Cao 
Na20 
KP 
LOI 

Ba 
Rb 
Sr 
Cu 
Zn 
Pb 
Zr 
Nb 
Ga 
Mo 
Th 
u 
y 

La 
Ce 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Er 
Tm 
Yb 
Lu 

69.4 69.6 71.3 65.2 68.4 73.7 75.7 68.0 69.9 70.3 72.2 73.4 74.9 72.4 72.l 73.7 70.8 
0.46 0.55 0.46 1.00 0.69 0.18 0.21 0.63 0.59 0.30 0.48 0.13 0.14 0.24 0.13 0.04 0.11 

14.1 
3.79 
0.07 
0.67 
1.81 
3.05 
5.75 
0.93 

13.6 
4.12 
O.Q7 
0.58 
1.51 
2.71 
5.85 
0.91 

13.5 
3.10 
0.06 
0.56 
1.29 
2.84 
6.10 
0.95 

13.8 
6.03 
0.11 
l.26 
3.18 
3.00 
4.35 
0.84 

12.6 
4.19 
0.09 
0.90 
1.59 
2.87 
4.65 
0.83 

13.8 
2.08 
0.04 
0.33 
0.72 
3.16 
5.50 
0.95 

967 1140 1600 1550 876 281 
258 214 224 156 252 339 
163 167 214 304 192 50 

<5 <5 <6 < 5 <5 
72 85 66 107 78 48 
@ ~ ~ ~ ~ ~ 

331 391 262 473 332 168 
30 31 25 35 40 30 
19 18 18 20 20 21 

<1 <1 < 1 2 2 < 1 
59 29 8 15 38 ~ 

11 <4 <4 4 7 
W ~ ~ n M ~ 

12.7 
2.14 
0.04 
0.31 
0.76 
2.02 
6.45 
0.92 

14.1 
4.03 
0.06 
0.85 
2.62 
3.29 
5.70 
0.55 

13.9 
3.86 
0.06 
0.83 
1.99 
3.17 
4.93 
0.81 

546 1700 1050 
370 240 247 
36 339 269 
12 6 9 
39 61 50 
46 42 40 

195 303 311 
23 27 33 
17 20 21 

< 1 2 2 
40 25 29 
8 8 <4 

48 58 67 

110 161 65.4 
130 
59.3 
11.7 
2.25 
9.9 
1.60 

107 53.1 80.l 92.0 67.1 
232 319 216 121 157 197 143 
94.3 124 91.3 53.2 70.6 74.0 64.8 
16.2 21.2 17.5 11.6 12.6 12.6 12.4 
1.81 2.29 1.80 0.68 0. 70 2.21 1.74 

13.0 17.3 17.0 10.0 9.6 11 .2 11 .9 
2.32 2.61 166 1~ l.~ 1.66 l.M 

13.9 
3.35 
0.04 
0.62 
1.20 
3.25 
5.75 
1.01 

14.0 
3.38 
0.06 
0.63 
1.33 
3.43 
5.15 
0.92 

13.l 
1.46 
0.02 
0.23 
0.69 
3.19 
4.72 

520 742 376 
302 354 330 
71 112 51 

< 5 <5 <5 
34 28 15 
35 41 30 

319 335 134 
36 46 30 
21 20 18 
5 < 1 

37 47 34 
7 7 28 

67 134 145 

94.7 113 
195 243 
84.0 103 
16.1 20.8 
0.83 1.02 

14.0 19.l 
2.22 3.46 

42.9 
87.l 
41.9 
8.80 
0.64 

11.2 

14.0 
1.42 
0.02 
0.22 
0.79 
3.49 
5.11 

14.0 
2.68 
0.04 
0.43 
1.05 
3.20 
5.60 
0.68 

423 469 
327 366 

61 68 
8 5 

14 70 
34 27 

139 187 
31 27 
19 21 
13 398 
34 47 
30 12 
69 66 

35.4 
73.6 
35.4 
6.55 
0.51 
7.55 

19.1 10.8 
14.2 7.72 

1.10 0.99 0.79 1.26 0.93 0.63 0.90 1.08 0.86 2.05 
7.13 6.18 4.88 7.65 6.20 4.24 5.95 7.07 5.54 12.7 14.2 9.27 
1.22 0.98 0.80 1.14 1.04 0.71 0.96 1.20 0.96 1.94 2.74 1.28 

13.6 
1.72 
O.Q3 
0.17 
0.96 
3.86 
5.10 
0.44 

198 
362 
48 
6 

25 
39 

132 
47 
24 

<1 
52 
17 

111 

13.5 
1.60 
0.04 
0.23 
0.81 
3.24 
5.18 

16.2 
2.09 
0.08 
0.29 
1.58 
3.18 
5.11 

377 1095 
193 179 
59 176 

<5 <5 
38 50 
47 25 

125 205 
14 23 
17 17 

<1 <1 
39 38 
16 12 
83 42 

48.5 
96.5 
43.2 
11.3 
0.65 
7.73 

57.2 
118 
50.7 
10.6 
0.93 
5.81 

7.93 6.04 
5.23 3.89 

4.53 3.47 
0.60 0.70 

- Not analysed. 
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well-defined trends in trace element variation dia­
grams (Fig. 6). The correlations for the Fellingsbro 
and Lisjo granite complexes are remarkably good 
considering the restricted Si02-range. 

Rare earth elements 
The results of the REE analyses are included in 
Table 1. Chondrite normalized patterns are dis­
played in Fig. 7. All samples have rather high con­
tents of the REE, in accordance with the high 
Y-abundances. Furthermore, all samples, except 
those of the Pingstaberg granite, show the typical 
granite pattern (Cullers & Graf 1984) with a higher 
enrichment of light REE than heavy REE, and 
with distinct negative Eu-anomalies. The La abun­
dances range from 519 to 159 (when Pingstaberg is 
excluded) times chondrite (Boynton 1984), and Lu 
contents 60.3 to 18.6 times chondrite. It is , how­
ever, particularly the heavy REE contents that are 
high in comparison with most granites (Cullers & 
Graf 1984). 

In accordance with the very high Y-abundances 
in the Pingstaberg granite, is has high contents of 
HREE. The Lu abundances range from 85 to 40 
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Fig. 6. Variation diagrams. Nb, Y and Sr are in ppm. CaO is in 
wt.%. Symbols as in Fig. 2. 

times the chondritic value. The Pingstaberg granite 
is characterized by almost flat REE patterns with 
very large negative Eu-anomalies, a feature consid­
ered to be characteristic of granitoids associated 
with Mo- and W-occurrences in Bergslagen (Baker 
& Hellingwerf 1988). The La content range be­
tween 114 and 146 the chondritic value. Similar 
results were obtained by Baker & Hellingwerf 
(1988) on two samples of the Pingstaberg granite. 

The normal Lisjo granite has larger negative Eu­
anomalies than the magnetic rim, and the porphyr­
itic Fellingsbro granite has smaller negative Eu­
anomalies than the even-grained granites. Larger 
negative Eu-anomalies in more leucocratic rocks is 
a sommon feature in genetically related granitic 
rocks due to feldspar fractionation or fractionation 
of REE-rich accessory minerals (Cullers & Graf 
1984). The results of the Lasen granite resemble 
those of the even-grained granite from the Fellings­
bro area. 

2 
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numbers in Table 1. 

Discussion 

The chemical properties of the Fellingsbro and Lis­
jo granite complexes, particularly of the porphyrit­
ic granites, are such that it is probable that they 
were generated in an ensialic tensional environ­
ment. They are potassic granites having the high 
abundances of Y and Nb which, according to 
Pearce et al. (1984), are typical for 'within-plate' 

granites. Further, they have rather high contents of 
e.g. REE, Zr, Th and U. 

One important result of the gravity measure­
ments presented by Ohlander & Zuber (1988) is 
that they suggest that crustal weakness zones in two 
main directions (Fig. 8) controlled the emplace­
ment of the Fellingsbro, Lisjo and Dingtuna gran­
ites. The gravity results indicate that the porphyrit­
ic granites were generated at the base of the crust, 
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Fig. 8. Simplified interpretation of the striking directions of the most pronounced negative gravity anomalies (interpreted as the striking 
directions of the granite root zones) indicated by thick lines. Also shown are the -210, -220 and -250 gu Bouguer anomaly contour 
lines (after Ohlander & Zuber, in press). 

i.e. at a depth of 35-40 km. The model with narrow 
root zones is supported by the fact that where the 
zones of the most distinct gravity lows do not coin­
cide with the major exposed granites, abundant 
pegmatites and small diffuse masses of fine-grained 
granites occur indicating larger bodies of under­
lying granites (Oblander & Zuber 1988). An obvi­
ous example in this context is the area south of the 
Lisjo massif. The Vdala-Uppland older batholith 
north of Lake Malaren (Fig. 1) acted as a homoge­
neous unit while major weakness zones and sub­
sequent younger granites were developed around it 
(Stephansson 1975). 

Although the granites studied may have been 
generated in a tensional setting, it is unlikely that a 
true continental rift was developed. Neither mafic 
nor acid volcanics of the same age as the younger 
granites are known in the investigated area. In 
continental tensional environments, degassing of 
the mantle occurs (Bailey 1977, 1983). Continued 
heating by the gas flux may lead to melting of the 
upper mantle and lower crust. When the lower 
crust melted, the trace element characteristics were 
obtained by the mixing of the mantle gases, (rich in 
C02 , alkalies and the trace elements characteristic 
of 'within-plate' granites) with the crustal fusion 

products. The melting of the lower crust produced 
the huge granite ridge striking along the Central 
Swedish gravity low. 

In both the Lisjo and the Fellingsbro complexes 
clear chemical differentiation trends were found. 
These, together with the igneous texture described 
above, indicate crystallization from a melt. The 
differentiation trends within the porphyritic group 
partly overlap the trends for the even-grained gran­
ites. It is thus not likely that the even-grained gran­
ite from the Fellingsbro area respresents simply a 
late product of differentiation of the porphyritic 
granite. Elements such as Y and HREE are often 
enriched in residual granitic melts (Cullers & Graf 
1984), but the porphyritic granite has the highest 
contents at these elements among the granites in 
the Fellingsbro area. The normal Lisjo granite and 
the Dingtuna granite may have been generated by 
differentiation of large masses of porphyritic gran­
ite, but heterogeneous mixtures of even-grained 
granites, pegmatites and remnants of country rocks 
such as in the Lasen area, the Malingsbo area (Min 
Fig. 1, Magnusson 1940) and the area SW of the 
Fellingsbro granite (Gorbatschev 1972) probably 
to a large extent represent minimum-melt type re­
mobilisation of country-rocks. The latter two of 
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these heterogeneous massifs have small cores of 
exposed porphyritic granite. The minimum-melt 
granites have not moved far from their source re­
gion. Pegmatites crystallise from H20-saturated 
melts (Jahns & Burnham 1969). As high H20 con­
tents of granitic magmas occur in the initial stage of 
fusion, or in the closing stage of crystallization 
(Wyllie 1983), it is likely that the Pingstaberg gran­
ite with its Mo-mineralization, enrichment of e.g. 
Y and HREE, and associated pegmatites, repre­
sent a late residual portion of large granite masses. 
The Bispberg granite (Bin Fig. 1), which contains 
an intra-granitic Mo-mineralization, is of the same 
type and has similar geochemical characteristics as 
the Pingstaberg Granite (Martinsson 1987). The 
K20-rich younger granite in the Falun area (Fa in 
Fig. 1) has rather high contents of Y and Nb (Kres­
ten 1985), and the large Hedesunda granite massif 
(Hin Fig. 1) is of the same type as the Fellingsbro 
granite complex (Lundegardh 1967). This together 
with the occurrence of several major negative grav­
ity anomalies in Bergslagen, not directly corre­
sponding to exposed granites (Sture Werner pers. 
comm. 1987), suggests that the genetic model dis­
cussed for the Fellingsbro-Lisjo area may be worth 
discussing in the whole Svecofennian region of 
south-central Sweden. The suggestion that many of 
the even-grained granites have remobilized coun­
try-rocks as important source material is supported 
by the aluminous character (Fig. 9) of such granites 
occurring in the metasedimentary areas close to 
Stockholm (Fig. 1). 

The Smaiand-Varmland granite-porphyry Belt 
(Fig. 1) was previously thought to be distinctly 
younger than the Svecofennian younger granites 
(Wilson 1980). This conclusion was, however, 
based mainly on Rb-Sr datings. New U-Pb zircon 
datings show that these two groups of rocks have 
approximately the same age (Patchett et al. 1987, 
Jarl & Johansson 1988). Nystrom (1982) concluded 
that the Smaland-Varmland Belt was generated in 
an andinotype orogeny where the emplacement of 
the granites and the volcanites was structurally con­
trolled. Major element studies of Smaland-Varm­
land granites show that they are alkali-calcic, i.e. 
they are K-rich and have rather high content of 
alkalies even at low SiOrcontents (Lindh & Gor-

A = Al-(K+Na+2Ca ) 
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Fig. 9. A-B Diagram after Debon & LeFort (1982). Molar 
proportions. All samples in this study are encircled and com­
pared with the younger granites from the Stockholm area (data 
from Stalhos, 1962; 1969). 

batschev 1984). The few trace element analyses 
published indicate that the Smaland-Varmland 
granites have similar characteristics as the Fellings­
bro and Lisjo granites (Wilson et al. 1986), e.g. 
high abundances of Y and Nb although not as high 
as the porphyritic Fellingsbro and Lisjo granites. 
The Smaland-Varmland granites, furthermore, are 
often coarse and porphyritic and have a low fre­
quency of pegmatites (Lundqvist 1979) . 

The NNW-trending direction of the two major 
crustal weakness zone systems (Fig. 8) that govern­
ed the emplacement of the Fellingsbro and the 
Lisjo granites is parallel to the Smaland-Varmland 
Belt, and to the border between this and the South­
west Swedish Gneiss Region. The border is a major 
crustal discontinuity termed the Protogine Zone 
(Gorbatschev 1980). In this context, it is interesting 
to note that the two main directions in Figure 8 are 
roughly parallel to the frequent large dolerite 
dykes that occur mainly south of Lake Malaren, 
but also in the area studied here (Lopez-Montano 
1986). If these were emplaced contemporaneously 
with the younger granites, it would support the idea 
of a tensional setting. Very varying ages have been 
determined for dolerites in southern and central 



Sweden (Gaal & Gorbatschev 1987), but the oldest 
so far is the 1.53 Ga age from the large Hallefors 
dyke (Patchett 1978). This is a Rb-Sr age determi­
nation, but it has been repeatedly demonstrated 
that Rb-Sr ages in the Precambrian of Sweden are 
too low, often 0.1-0.3 Ga lower than correspond­
ing U-Pb zircon ages (e.g. Welin et al. 1983; Wilson 
et al. 1985; Patchett et al. 1987; Skiold 1987). The 
possibility that at least some of the dolerites have 
almost the same age as the younger granites cannot 
be rejected. Another possible interpretation, not 
contradictory to the previous one, is that even 
younger dolerites intruded in fault zones created c. 
1. 78 Ga ago. In the Pingstaberg area, mafic dikes 
cutting the older but not the younger Svecofennian 
granitoids are very frequent (Ohlsson 1979). These 
dikes strike approximately E-W. Metamorphosed 
mafic dikes with such age relations buth with var­
iable strike direction, occur in many places in Berg­
slagen, and around Lake Malaren (Stalhos & Bjork 
1983). Stalh6s & Bjork (1983) suggested that these 
dykes are only slightly older than the younger gran­
ites. 

According to Lindh (1987), the SW Swedish 
Gneiss Region (Fig. 1) was a zone of westward 
growth of the Baltic Shield. The ages of the young­
er granites and the Smaland-Varmland granites are 
almost the same (or slightly higher) as those of the 
earliest I-type magmatism in SW Sweden (the l.75-
1.50Ga Gothian orogeny, Welin et al. 1982; Gaal 
& Gorbatschev 1987) . However, except for rocks 
thought to represent deformed rocks of originally 
the same type as the Sma!and-Varmland granites 
(Lindh 1987), ages as high as 1. 78 Ga have not been 
found with U-Pb zircon dating W of the Protogine 
zone (Weling & Kahr 1980; Welin et al. 1982) . 
Surprisingly, Rb-Sr ages are often higher than cor­
responding zircon ages in SW Sweden which in­
dicates that the U-Pb zircon system may also have 
been disturbed in later metamorphic events (Welin 
et al. 1982). Even if the earliest Gothian tonalites­
granodiorites, the Smaland-Varmland granites and 
the Svecofennian younger granites are not exact 
age equivalents , it is probable that the origin of the 
latter two granite groups is related to the reworking 
of the ca 1.89 Ga old Svecofennian crust caused by 
the formation of Gothian crust in the southwestern 
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Baltic Shield ( Gorbatschev 1986, 1987, Gaal & 
Gorbatschev 1987). 'Post-orogenic' granite ring 
complexes were developed as early as 1.80 Ga ago 
in S Finland (Welin et al. 1983, Patchett & Kouvo 
1986). 

Linear belts of subalkaline to alkaline magma­
tism with typical 'within-plate' chemical character­
istics, parallel to the main subduction associated 
cal-alkaline belts but situated more towards the 
interior of the South American continent, have 
been recognized in the Andes (Brown et al. 1984) . 
These subalkaline to alkaline magmas were prob­
ably generated in association with tensional rifting 
(Levi & Aquirre 1981, Aberg et al. 1984). A spec­
ulative analogy in the Precambrian of Sweden 
would be that the Smaland-Varmland Belt is such a 
belt situated more towards the continental interior 
in comparison with the earliest calc-alkaline mag­
matism in the SW Swedish Gneiss Region, or even 
farther west. Tensional stresses made it possible for 
granites to be generated even further towards the 
interior of the continental crust, which was created 
in the 1.89-1.86 Ga old tectonic event. The Fel­
lingsbro and Lisjo granites are typical examples of 
this . 

Conclusions 

The 1.78 Ga old Fellingsbro and Lisjo granites 
were generated in a tensional environment. They 
presumably rose from a huge granite ridge through 
structurally controlled root zones forming mush­
room- shaped intrusions. The results of this study 
indicate that the younger Svecofennian porphyritic 
granites not only are of the same age as the Sma­
land-Varmland granites, but also have similar ge­
ochemical characteristics. We speculate that both 
groups were generated in a tensional environment 
on the continental side of a major subduction-relat­
ed calc-alkaline belt; remnants of which may be 
presented in the Southwest Swedish Gneiss Re­
gion . The Lisjo and Fellingsbro granites were gen­
erated more towards the interior of the pre-existing 
c. 1.89 Ga old continent than the Smaland-Varm­
land granites. 

Even-grained granites of approximately the 



224 

same age occurring in heterogeneous mixtures of 
granites, pegmatites and partly assimilated country 
rocks e .g. in the Fellingsbro and Lasen areas, rep­
resents mainly minimum melt type rocks that have 
not moved far from their source. The interior of the 
Lisjo granite complex, the Dingtuna granite and 
the Pingstaberg granite, on the other hand, were 
probably derived by differentiation of granites with 
similar characteristics as the porphyritic Fellings­
bro type granite. The results presented in this 
study, and a review of published data, suggest that 
the genetic model obtained in the Fellingsbro-Lisjo 
area may be worth discussing in the whole Sveco­
fennian region of south central Sweden. 
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