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The meeting was held in Lund 13-14 Decernber.1988.and was attended by Caledonide geologists
from Sweden, Norway and Finland. Four contributions were presented in addition to those found
as extended abstracts on the following pages. Richard E. Binns presented new mapping results from
the Finnmark-Troms connection, critical to the southward extension of Finnmarkian diastrophism,
Bjdm E. Schouenborg described basement—cover relationships in westernmost Trendelag, Dan
Zetterberg reported mapping results from'the Middle and Upper Allochthons of the Abisko National

Park and Jyrkki Lehtovaara reviewed Finnish Caledonide geology. — P.-G. Andréasson.

Syn-deformational emplacement of plutons in the Caledonian

Sunnhordland Batholith, W. Norway

TORGEIR BJ@RGE ANDERSEN

Several papers have recently discussed the con-
trol on the shape and internal structure of batho-
liths exerted by movement along major shear
zones (Castro 1986; Hollister & Crawford 1986:
Hutton 1988) and how the deformation can be
recognized as syn-magmatic (Blumenfeld et al.

1986; Blumenfeld & Bouchez 1988). This paper )

briefly summarizes some of the deformation
phenomena developed during emplacement of
early plutons in the Caledonian Sunnhordland
Batholith (SB) in W. Norway (Fig. 1).

Three plutonic units (I, 11, III) have been dis-
tinguished (Andersen & Jansen 1987). Unit I
comprises gabbros, locally with ultramafic
cumulates and diorites. Unit II consists of one
major pluton, the Reksteren granodiorite (Fig.
1). Theemplacement of units [ and II, was associ-
ated with ' “deformation characterized by
rotational strains. The granites and granodior-
ites of the younger Unit III, are sharply cross-
cutting, and represent permitted intrusions. The
emplacement of Unit IIT will not be discussed
further here.

Unit I is the oldest unit in the SB and it in-
truded already deformed ophiolitic and island-
arc rocks and bimodal volcanic rocks (Brekke
et al. 1984). Two of the plutons, the Stolmen

Gabbro (SG; Rykkelid 1987) and the Vardaf-
jellet Gabbro (VG), have been mapped in de-
tail. Both plutons have high-grade migmatitic
aureoles. Partial to near complete melting oc-
curred in original shales and arkosic sandstones
adjacent to the mafic intrusives. Interlayered
limestones, cale-silicate lithologies, quartzites
and conglomerates are, however, locally well
preserved in the Mekster area (Fig. 1). Neo-
somes vary from light-coloured granite with a
near minimum-melt composition to dark bioti-
te-rich rocks with minor K-feldspar and inter-
mediate plagioclase composition. The descrip-
tions below are from the VG on Bemlo and Stord
unless otherwise stated (Fig. 1).

The emplacement-related deformation in the
envelope of ‘Unit I plutons is recorded by the
structural-’ pattern developed during the for-
mation of the aureoles. The intensity of the strue-
tural fabric in the cordierite-sillimanite-biotite
bearing migmatites at Bremnes (Fig. 1), is partly
controlled by the amount of melt present during
the deformation. A similar variation in fabric
intensity has been described from other svn-
deformational migmatite complexes. and Blu-
menfeld & Bouchez (1988) described how the
anisotropy of rocks deformerad in the magmatic
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stage was identified by SPO (shape-preferred
orientation), S-C fabrics and phenocryst tiling.
Rocks which originally contained a high melt
fraction (MF), the diatexites, have a vague dis-
continuous banding defined by biotite-silliman-
ite-rich and quartz-feldspar-rich lamina. The
granitoid layers usually have a granoblastic tex-
ture. Elongate quartz-aggregates, however,
define a SPO fabric and an alignment of meta-
sedimentary xenoliths, mainly calc-silicates, is
common. The preferred orientation of the xeno-
liths defines a subhorizontal E-W lineation’
which is slightly oblique to the shear planes, and
hence can be used as a kinematic indicator. The
rocks which originally had a lower MF indicated
by less neosom, the metatexites, have penetra-
tive composite foliations defined by biotite-silli-
manite-rich lamina (S-surfaces) and shear planes
(C-surfaces). Quartz-feldspar aggregates define
a more penetrative SPO than that of the diatexi-
tes. Post-kinematic retrograde metamorphism
have commonly annealed the microtextures in

the fabric which is 2 prominent feature at the
scale of outcrop. Consequently, kinematic indi-
cators have rarely been preserved at the scale
of the individual minerals. At the scale of out-
crop, however, kinematic indicators such as
sheared veins and bands, SPO combined with
composite S-C foliation and asymmetrical folds
are generally present. The kinematic indicators
define, with few exceptions, a sinistral sense of
shear in the migmatites which form the roof of
the pluton (Fig. 1) at Bremnes. The kinematic
indicators show that the block north of the
gabbro at Bremnes was thrusted towards the
west during the emplacement of the VG.

The structures_developed in the SG and its
migmatitic sedimentary envelope north of Selb-
jornsfjorden (Fig. 1) show a very pronounced
fabric characteristic of rotational strain (Rykke-
lid 1987). The sense of shear is uniformly sinis-
tral, but as the facing in this area generally is
towards the south, the direction of thrusting in
this case was tewards the east. The opposing
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- sense of shear in the Austevoll and the Bemlo-
Stord areas suggests that large-scale conjugate
shear zones may have been present during em-
placement of Unit | plutons (Fig. 2).

Internal pre-solidus deformation in the I’G. The
‘cumulate layering in the central part of the VG
provide good way-up structures. A marginal
zone of non-layered gabbro occurs along the
floor and the roof of the pluton. The marginal
zone towards the roof is more differentiated and

contains quartz-bearing gabbro and diorite. In

the least deformed cumulates in the VG the pre-
solidus deformation of the gabbro is shown by
an E-W stretching fabric defined by plagioclase
and SPO aggregates of hornblende. Veins of
anorthosite are very common and form di-
lational veins with an orientation (180°/90° to
220°/90°) almost normal to the E-W stretching
lineation. Small needles of primary hornblende
have crystallized normal to the vein-walls. The
relationship between the stretching lineation
and the orientation of the veins is compatible
with extension during late strain increments of
sinistral shear. The veins are usually <2 em
wide, and are most frequent in thin (<15 cm)
melanocratic cumulates which are interlayered
with more plagioclase-rich gabbro. The di-
lational dykes can usually not be traced across
the plagioclase-rich parts of the cumulate layer-
ing, and these layers must have been stretched
homogeneously. The dark, pyroxene- and horn-
blende-rich cumulates, however, have fractured
during the stretching and the dilational veins
opened the extension cracks. The boudins of
mela-gabbro separated by the anorthosite veins
have rectangular cross-sections indicating that
the viscosity contrast between the pyroxene-
hornblende-rich layers and the interlavered
plagioclase-rich material was considerable. The
extensional veins are rooted in the plagioclase-
rich parts of the cumulates, indicating that the
latter contained appreciable amounts of inter-
stitial melt during the deformation. In this
model the interstitial melt would migrate into
and open extensional fractures as the pyroxene-
rich cumulates were inhomogenously stretched.
The orientation of the stretching lineation and
the dilational dykes as well as the displacement
on a number of early faults and shear zones cut
by later veins, show that the sense of shearing
internally in the cumulates was sinistral. This
is in accordance with the sense of shear recorded
in the migmatites at Bremnes (Figs. 1, 2).

On Stord (Fig. 1), well preserved cumulates
inthe VG are rare. A strong fabric characterized
by alternating irregular bands defined by vari-
able contents of light- and dark-coloured min-
erals dominates the structure. The banding is
reminiscent of the original cumulates and. where
preserved, primary igneous minerals (cpx. ol,
plag, amph) define the banding. Locally. the
bands may be traced continuously into areas
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Fig. 2. A model for the emplacement of the Sunnhord-
land Batholith. The difference in crustal level between
the Bemlo and Austevoll areas, and the pressure esti-
mates have not been discussed here. Note that the
plutons of Units I and 1 are located along major shear
zones, which are of opposing directions.

with low shear strains. In the low-strain areas
well preserved cumulate structures with plagio-
clase and pyroxene-olivine-rich layers may be
observed. Because primary minerals define the
banding and as the banding demonstrably has
been formed by the shearing of cumulates, the
deformation probably took place after the
cumulates had started to form, but prior to their
complete crystallization. The sense of shear can
be determined with confidence where cumulates
are deflected by increasing shear strain into
shear zones. The observed shear zones charac-
terized by the banding show sinistral displace-
ments which is similar to the observations from
the less deformed cumulates on Bemlo and the
migmatites in the roof at Bremnes. )

The deformation during emplacement of the
VG and SG was dominated by rotational strains
related to shear zones. The shear zones had pro-
found effect on both the shape of the gabbros
and their internal structure. Shear strains were
taken up in the migmatites which formed from
sedimentary protoliths in the envelope.

Unit I1 is represented by one major pluton, the
Reksteren Granodiorite (RG; Fig. 1). In the
north it is cut by the late Sunnhordland Fault.
The southern margin preserves the intrusive re-
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lationships with Unit I gabbros. On Reksteren,
an approximately 2 km wide zone adjacent to
the granodiorite is characterized by anastomos-
ing shear zones of variable shear strain. Thesc
provide a number of asymmenrtical structures
at the scale of outcrop, which demonstrate that
the deformation was non-coaxial with a sinistral
sensc of shear. The deformation in the zones
was contemporaneous with the intrusion of the
granodiorite. This is shown by the large number
of dykes, veins and sheets of the granodiorite
forming dilational dykes which were folded and
boudinaged during the progressive deformation,
according to their relative age and orientation
in the shear zones. Internally in the main body
of the RG a sub-vertical lithological banding
striking parallel to the long axis of the pluton
was formed.

The zone with high shear strains along the
S-margin of the RG is continuous with the shear
zones that were active earlier during the em-
placement of the SG in Austevoll. Displace-
ments on these zones are consistently sinistral,
during the emplacement of both the SG and RG.
A post-intrusive, static recrystallization fabric
characterizes the microtexture in most of the

shear zones adjacent to the RG. Many shear

zones are cut by little deformed dykes and veins

of granitic rocks. This shows that displacement .

on the shear zones was negligble after the RG
had been emplaced.

In summary major plutons of both the early
gabbros and the RG in the SB are located along
shear zones which were active during the in-
trusion of the plutons. The internal structure of
the plutons, as shown by the SPO of mineral
aggregates, extensional veins in cumulates and
the internal banding defined by the igneous
minerals, can be assigned to the same defor-
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mation as that which affected their high-grade

" aureoles during the peak of the contact metamor-

phism. The late granites in the SB picrce through
the earlier rocks and structures without appreci-
able structural effect. Hence they represent pér-
mitted plutons. An emplacement model for the
SB, of which some of the essential points have
been discussed here, is shown in Fig. 2.

- References

Andersen, T.B. & Jansen, @.J., 1987: The Sunnhordland
Batholith, W Norway: Regional setting and internal struc-
ture, with emphasis on the granitoid plutons. Norsk Geolo-
gisk Tidsskrifi 67, 159-183.

Blumenfeld, P. & Bouchez, J.-L., 1988: Shear criteria in gran-
ite and migmatite deformed in the magmatic and solid sta-
tes. Journal of Structural Geology 10. 361-372.

Blumenfeld, P., Mainprice. D. & Bouchez. J.L.. 1986: C-slip
in quanz from subsolidus deformed granitc, Tectonophys-
ics 127, 97-115.

Brekke, H., Fumnes, H.. Hordis, J. & Hertogen. J.. 1984: Lower
Paleozoic Convergent plate margin volcanism on Bomlo,
SW Norway, and its bearing on the tectonic environment
of the Norwegian Caledonides. Journal of the Geological
Society of London 141, 1015-1032.

Castro, A., 1986: Structural pattern and ascent model in the
Central Extramadura batholith, Herzynian belt. Spain.
Journal of Structural Geology 8. 633-645.

Hollister, L.S. & Crawford. M.L., 1986: Melt-enhanzed defor-
mation: A major tectonic prosess. Geology 14, 558-561.
Hutton, D.H.W., 1988: Granite emplacement mechanisms
and tectonic controls: inferences from deformations
studies. Transactions of the Royal Society of Edinburgh:

Earth Sciences 79, 245-255.

Rykkelid, E., 1987: Geologisk utvikling i MoksiertSelbjorn
omrddet i Sunnhordland. Cand.Scient.thesis. Univ. of Ber-
gen. 376 pp.

Torgeir Bjarge Andersen. Institutt for Geologi, Univer-
sitetet i Oslo, Postboks 1047, N-0316 Oslo 3. Norway:.
Final manuseript received 19 July 1989. Norwegian
ILP contribution no. 81.






