'GABBRO' IN THE SOLUND CONGLOMERATES
A DEVONIAN DEBRIS FLOW DEPOSIT?*
INGE BRYHNI

Bryhni, 1.: 'Gabbro' in the Solund conglomerates - a Devonian debris flow
deposit? Norsk Geologisk Tidsskrift, Vol. 56, pp. 95-102. Oslo 1976.
Gabbro bodies which rest on Middle Devonian conglomerates (breccias) in
the Solund District of western Norway have a clastic structure. Rather than
being overthrust or igneous sills as suggested previously, these may represent
debris flow deposits derived from other sources than the adjacent conglo
merates.

l. Bryhni, Mineralogisk-Geologisk Museum, Sars gt. l, Oslo 5, Norway.

Various isolated bodies of gabbro in the Old Red Sandstone Series at Hers
vikbygda in Solund (Fig. l) were regarded by Kolderup (1916, 1925, 1926a)
as erosional fragments of a once continuous sheet, 30-80 metres thick and
at least 7 km2 in extent. He interpreted this as a thrust, but Nilsen (1968)
claimed that the gabbro bodies occurred at more than one stratigraphic
level and that there was only little mylonitization or disturbance at their
contacts. Nilsen suggested that the gabbro bodies actually were intrusive
sills associated with the quartz keratophyres (Kolderup 1926a, b) which
occur in the same area.
Either of these interpretations have serious implications for our under
standing of the waning stages of the Caledonian orogeny in Norway. Thrust
ing had already been inferred when Vogt (1929) defined the late-orogenic
'Svalbardian' phase and the presence of such a thrust sheet could be applied
elsewhere, for the apparently enormous thicknesses of the Devonian rocks
in other districts (Bryhni 1964) could be explained as a sequence of such
thrusts. On the other hand, Nilsen's explanation would require that igneous
activity during or after deposition of the Old Red Sandstone Series in
Norway was much more significant than hitherto recognized.

Clastic structure in the gabbro
Observations by the present author during a short excursion to Husefjell
and the area south of Skogen (Blåbergskog) east of Hersvikbygda confirmed
that the gabbro contact zones displayed no or only little mylonitization;
however, no evidence was seen to suggest that the gabbro had formed by
igneous activity during, or subsequent to, deposition of the adjacent
sediments.
•
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Fig. l. The Solund district with occurrences of gabbro (Hersvik gabbro). H: Hersvik
bygda. S: Skogen. Simplified after Nilsen (1968).

Kolderup (1925, 1926a) stated that the inferred thrust sheet contained
not only gabbro with pegmatite veins of Caledonian type, but also base
ment schist, sandstone dykes, residual gabbro breccia, and schist breccia.
The presence of clastic rocks in the sheet is, in fact, significant and it is
doubtful whether any homogeneous gabbro, as such, exists. Many expo
sures of massive 'gabbro' are seen by doser inspection to consist of a
monomict and polymict breccia with unsorted fragments (Figs. 2, 3). No
definite depositional contact could be found between such breccias and the
apparently massive, structureless gabbro-like rock. Contacts between pedi
mented basement and overlying residual breccias are admittedly sometimes
difficult to define in the Old Red Sandstone districts of Norway, but indi
cations of a contact zone should be apparent if the gabbro really were the
overthrusted basement. Even the tectonically lowermost part of the sheet
at Husefjell has rocks with clastic structure and these coarsen upwards into
a massive rock in which fragments cannot be distinguished.
The sheet south of Skogen is composed of schist similar to that of the
basement, but fragments also abound here. Lumps of schist breccia occur
between lighter layers of breccia containing another clast lithotype (Fig. 4).

Composition of the clasts
A sample of hornblende gabbro from the foot of the northern cairn at
Husefjell contains 'pockets' of quartz and a pegmatite vein (possibly Cale-

'GABBRO' IN THE DEVONIAN SOLUND CONGLOMERATES

97

Fig. 2. Monomict breccia with essentially monzonitic clasts. West side of small tam,
Husefjell, Hersvikbygda.

donian type, see Kolderup 1926a) with quartz and potash feldspar con
centrated in its core. Another sample, from the west side of the small tarn
to the south of Husefjell, is monzonitic with about 40% plagioclase, 30 %
potash feldspar, and 30 % amphibole with minor quartz, chlorite, and
epidote. Plagioclase forms sericitized or epidotized laths which sometimes
occur as inclusions in potash feldspar. Amphibole is green with relict brown
spots and is chloritized in places. Samples from the highest point (161 m
above sealevel) on Husefjell are breccias with two types of fragments in
an unsorted matrix. The dominant clast lithotype here is a fine-grained
dark grey volcanic rock composed essentially of slender laths of altered
plagioclase in a matrix of green amphibole, brown amphibole. epidote and
black iron minerals. The other clast lithotype is a medium-grained plutonic
rock (more dioritic than gabbroic) composed of green amphibole and pla
gioclase with minor brown amphibole and quartz. Smaller fragments of this
rock form a matrix for the larger clasts.
Granules of vein quartz occur in a 50 cm thick unit with a clear clastic
structure just west of the highest point on Husefjell.
Considerable vertical variation in clast lithotype is evident at the lower
contact south of Husefjell. One of the two samples collected ll-2 m above
the slightly mylonitized (approximately 50 cm thick)

contact

zone

is

monomict with only gabbro or diorite fragments (Fig. 5) while the other
also has potash feldspar bearing fragments. Individual fragments in the
latter sample vary in their feldspar ratio, grain-size, and extent of secondary
alteration of plagioclase and amphibole.
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Fig. 3. Polymict breccia with volcanic (dark) and plutonic (light) clasts. Trigonometric
point, top of Husefjell, Hersvikbygda. Outsize thin section, ordinary light.

The largest fragment identified in the sheet at Husefjell is about 4 metres
in diameter. Presumed clasts in the schist breccia south of Skogen are even
larger.
It may be impossible to distinguish between clastic and cataclastic brec
cias, especially here where true residual breccias occur as a cover on an
assumed basement tectonic slice. Structures like those seen in Fig. 5 can
well have been produced by cataclasis and the finest matrix is, in fact,
optically isotropic as in cataclasites. But there are no strain effects such as
bent grains or twin lamellae, mineral granulation, and undulative quartz
to indicate that the clastic structure formed by cataclasis.

The upper contact of the sheet
Kolderup mentioned the occurrence of a bed of red sandstone up to l m
thick in the upper contact zone south of Skogen, but the contact between
the assumed thrusted schist breccia and the overlying conglomerate was
abrupt in most places. The present author found several sandstone beds
in the contact zone south of Skogen (Fig. 6). Interbedded breccia and flat
bedded or irregularly cross-bedded sandstones here grade upwards into
massive conglomerates. It is believed that this interval of transitional sedi
mentary superposition has been eroded in most places, so that the massive
conglomerate now Iies directly on massive breccia, as figured by Kolderup

'GABBRO' IN THE DEVONIAN SOLUND CONGLOMERATES

Fig.

4.

99

Light breccia with minor clasts of schist occurring as veins between lumps of

monomict schist breccia. South of Skogen.

(1925 fig. 3, 1926a figs. 36 and 37). Slight movement between such mechani
cally different rock units might locally have caused the schistose alteration
of the contact zone which Kolderup claimed to have seen.

Discussion
Igneous breccias are well known from both volcanic and subvolcanic en
vironments, but the clastic Hersvik gabbro does not give any evidence
of such an origin. Neither is there any textural evidence to suggest forma
tion of the breccia by cataclastic deformation. The slight my1onitization at
the contacts of the sheets does not suggest that they really wedged their way
be1ow an overburden of several thousand metres of conglomerate. A1though
it is possible that the sheets in the area south of Skogen are short-travelled
underthrusts (as suggested by Skjerlie (1971 ) for an adjacent Devonian
district) this cannot be tested without more detailed fieldwork.
However, it is possible that the gabbro is not a massive igneous rock at
all, but rather a sedimentary unit with exotic clasts and a structure different
from that of the adjacent conglomerates. These conglomerates were depo
sited on a large coalesced alluvial fan complex which built out from a ris
ing source area in the southeast (Nilsen 1968, 1973). Debris flows often
occur in such environments (Blissenbach 1954, Fisher 1971 , Bull 1972).
Water debris slurries can flow as plastic masses even with very low fines
contents (Curry 1966, Hooke 1967, Fisher 1971). Curry, for example, re
ported only 1 .1 % clay-sized material in the matrix of a debris flow which
contained boulders measuring up to 0.8 m in maximum diameter. Clay
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Fig. 5. Breccia sampled 1.5-2

m

above base of the 'gabbro' sheet, south side of

Husefjell, Hersvikbygda.

minerals do not appear to have been significant constituents of the clastic
gabbro, but the clasts are surrounded by progressively smaller particles so
that the total fines content may have been appreciable. Some of the original
mud matrix may also have been removed by rainwash subsequent to
deposition.
Volcanic breccia- or mud flows (lahars) can be quite similar to debris
flows, but are not considered relevant here, since the volcanic clasts in the
Solund gabbro may well have been derived from the adjacent basement.
Gabbro is a widespread clast lithotype in the Solund conglomerates and
a distinctive coarse-grained variety is common both in the basement and
in the Devonian cover near Hersvikbygda (Nilsen 1968: 43-46). Nilsen sug
gested a uniform sedimentary transport of the conglomerates from the
southeast, but this does not agree with the localization of the coarse-grained
gabbro in the basement and its distribution as clasts in the conglomerate.
It is more likely that debris from two provenance areas has been mixed
around Hersvikbygda. The northern and western basin boundaries were
probably much doser to this area than the south-eastern margin of the
basin (Fig. 1). The constituents of the clastic gabbro may have been derived
either from these or other sources different to that of the main conglo
merates. Interbedded breccias and sandstones in the upper contact zone
of the sheet (Fig. 6) were probably formed in response to small surges in
the waning stages of the debris flow episodes.
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Fig. 6. Interbedded breccia, sandstone and conglomerate south of Skogen.

Massive, apparently 'igneous' rocks, interpreted to be debris flow de
posits, occur elsewhere in the Norwegian Devonian districts. An almost
monomict diorite breccia occurs above upwards coarsening cycles at Svarte
vatn on the northeastern margin of the Hornelen district. Near to Hornelen
mountain itself, domains of monomict gabbro breccia occur in a unit inter
bedded between two thick upward coarsening rhythms of breccias with es
sentially gneissic clasts. By comparison with these examples, it is likely that
the Hersvik 'gabbro' is a debris flow deposit, although more detailed
field work will be necessary to test this hypothesis.
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