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The Fangen-Hyllingen gabbro complex is

a large layered body

in the

Trondheim Region of the Norwegian Caledonides. Primary igneous rocks
vary from ultramafics to olivine gabbros, gabbros and norites, diorites and
felsic differentiates. A contact aureole is preserlt with well developed cor
dierite, sillimanite and andalusite zones, all zones additionally containing
garnet. The body had an original bowl-shape, possibly with a feeder, and
rhythmic layering in a saucer-like disposition. The complex and its envelope
have been penetratively deformed in large areas and at a later stage the
gabbro has been tilted downwards to the east and folded in its northern
part. During regional metamorphism much of the complex became over
printed

to

give

hornblende

metagabbro

and,

where

deformed,

foliated

amphibolites.
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The Fongen-Hyllingen gabbro complex occupies some 163 km2, largely
in the Sør-Trøndelag region of Norway (Fig. 1). In general the complex
stands above the surrounding rocks and makes up the mountains of Fongen

(1441 m), Ruten (1179 m), Melshogna (1026 m) and Hyllingen (1205 m).
The rocks of the complex vary in composition from ultramafics to olivine
gabbros, gabbros and norites, diorites and subordinate felsic members.
Metamorphism is developed throughout the complex to varying degrees,
giving serpentinites and amphibolites, and deformation of the complex is
intense in parts.
Previous work on different parts of the complex (see Fig. 2) has recently
been carried out by Nilsen (1973) in the south Hyllingen area, and by
Kisch (1962) in the north Hyllingen area. In an essentially regional study,
Olesen et al. (1973) included the part of the Fangen-Hyllingen gabbro com
plex that Iies to the north of the river Nea. A geological map on the scale
of 1:50,000 has recently been published by Olesen (1974) and this contains
more structural information than has been included in our Fig. 2. Early
work relevant to the Fongen-Hyllingen massif is referred to by Nilsen (1973).
The main purpose of this paper is for the first time to suggest a model for
the form of the whole of the Fangen-Hyllingen gabbro complex based on
detailed field observations in the Fongen-Ruten-Melshogna area and tra
verses in the Hyllingen area. Details of mineralogy, petrology and geo-
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Fig. l. The location of the area presented in Fig. 2 in the Trondheim Region of
Norway.

chemistry will be published later. A geological map of the complex is pres
ented in Fig. 2.
Outcrops of the complex in the Fongen-Ruten-Melshogna area are in
general excellent, but exposures are infrequent along the eastern margin
to the south of section Il in Fig. 2, and a zone about l km to the north
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and 2 km to the south of the Nea valley is heavily tree covered. The
Hyllingen area, except for the eastern margin, is well exposed throughout.

Rock types
The complex consists of igneous rock types varying in composition from
ultramafic to felsic, which have been in part metamorphosed. The primary
igneous types will be presented first and the effects of metamorphism will
be dealt with later. The main igneous rock types are ultramafics, including
peridotites; gabbro and norite, dominantly olivine-bearing; diorite, and
intermediate and felsic types. The complex is a layered intrusion and
transitions between the above rock types exist. In the field, ultramafics
are readily identifiable and mapable, but sharp distinction in the field be
tween, for example, the relatively fine grained (about l mm) primary
igneous rock types olivine-gabbro, gabbro and norite is not clear. Nilsen

(1973) was able to subdivide the Hyllingen part of the complex into dif
ferent zones on the basis of field mapping combined with powder and thin
section studies of samples throughout the area, and his subdivisions are
shown in Fig. 2.
The distribution of major occurrences of ultramafic rock types is shown
in Fig. 2, from which it is clear that they are concentrated in the northern
part of the complex. There are two types of development. An area of
slightly more than l km2 in the extreme north of the complex and adjacent
to the country rocks consists of a massive, rusty-weathering rock, made up
largely of olivines (millimeter sized) poikilitically included in centimeter
sized pyroxene (sometimes amphibole) crystals, occasionally with some sub
sidiary (<lO%) interstitial plagioclase. This is the !argest occurrence of
ultramafic rocks in the Fongen-Hyllingen complex.
Secondly, there are distinct layers of ultramafic rock varying in thickness
from a few centimeters up to about ten meters, and traceable along their
strike for up to 2 km. These occur sporadically around the Fongen moun
tain and are most widely developed in the Ruten area (see Fig. 2). These
peridotites are characteristically brown-weathering layers which consist of
olivine and pyroxene with subsidiary amphibole and opaque oxides.
In the Hyllingen part of the complex (Nilsen 1973) there are some
ultramafic rocks developed near the western contact (see Fig. 2). These
patches are outside or at the margin of the main gabbro massif and are
described by Nilsen as pyroxenites and olivine-bearing serpentinites, being
plotted on fractionation diagrams as the most basic differentiates of the
complex. In his conclusion, however, Nilsen doubts whether these ultra
mafic rocks are primary differentiates of the complex. Bodies closely re
sembling these occur near the western margin of the complex further to
the north; they are interpreted as being part of the country rock, affected
by the intrusion of the gabbro and later metamorphosed together with the
gabbro complex, during a regional event. Contact metamorphosed ultra-
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Fig. 3. lgneous layering overgrown by individual late primary poikilitic amphibole
crystals. The pen is 14 cm long. Locality south of Hyllingen mountain.

mafic rocks of similar paragenesis have recently been described by Springer
(1974) from the contact zone of the mafic Pine Hill Intrusive Complex in
the western Sierra Nevada foothills, California.
With a decrease in the olivine content, compensated by increasing
pyroxene, dominantly orthopyroxene, and significant amounts of plagio
clase (andesine-labradorite), the rock becomes a gabbro or norite. Such
rocks outcrop throughout the complex, and it is estimated that, together
with olivine-bearing varieties, transitions between gabbro and norite made
up about 85% of the complex at its present exposed level prior to meta
morphism. A typical feature of the peridotites, olivine gabbros and gabbro/
norites is the presence of large (up to 2Yz cm) primary, poikilitic, black
amphibole crystals enclosing the other earlier crystallizing mafic minerals
(Fig. 3). In thin section this is seen to be a brown hornblende variety.

Fig. 2. Simplified geological map of the Fongen-Hyllingen gabbro complex and its
metamorPhic envelope. Map compiled from the authors' own work together with
unpublished work by Kim Esbensen and Peter Thy, and published work by Olesen
(1974) north of the River Nea; Kisch (1962) between the line M-M and Nea; Nilsen
(1973) south of the line M-M. In the Hyllingen area the complex has been subdivided
after Nilsen (1973) into the following zones; D-layered peridotite/olivine gabbro; E-olivine
gabbro; F-gabbro; G-diorite. The approximately east-west section lirres 1-1', 11-11',
111-111', IV-IV' are presented in Fig. 6. Individual occurrences of cordierite, sillimanite
and andalusite in the contact aureole south of the River Nea are shown by the letters

C, S and A, respectively.
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In the Hyllingen area the gabbrojnorites grade eastwards into diorite
with a decrease in the anorthite content of the plagioclase, to give oligo
clase-andesine compositions. Amphibole is the major primary mafic
mineral, together with minor amounts of biotite. Along the rather poorly
exposed easterJ;� margin further north, the possible occurrence of dioritic
types is obscured by metamorphism and deformation. No dioritic types
have been found in the Fongen-Ruten-Melshogna area to the north of
section Il in Fig. 2, except very locally close to the margin of the complex.
Monzonitic and other felsic igneous rocks occur in the south at the
extreme eastern margin of the complex, with microcline and plagioclase
(albite) as the major constituents and amphibole, biotite, clinopyroxene
and quartz present in minor amounts. Nilsen (1973) reported light grey
to pinkish-white coarse-grained rocks of monzonitic character at the
eastern margin in the Hyllingen area grading eastwards from diorite;
a quartz-bearing variety occurs as swarms of sills in the adjacent hornfels.
Kisch (1962) records hornblende diorites, granites and granodiorites as far
north as the River Nea where deformed sill-like granitic bodies sometimes
contain garnet. The eastern contact of the complex is very poorly exposed
for about 5 km north of the River Nea and the northernmost outcrop of
this character is situated within the complex between sections Il and Ill
in Fig. 2. A noteworthy feature of these felsic differentiates is the oc
casional presence of the iron-rich amphibole, ferrohastingsite (Kisch 1962).
The gabbro complex is cut by a series of pegmatites occurring as veins
from a few cm wide to masses measuring several hundred square meters.
There are two main types, namely, biotite pegmatite and hornblende peg
matite, and where cross-cutting relationships exist between the two, the
biotite pegmatites are the younger.
A series of highly regular, linear, gray or buff-colored felsitic dykes,
often with chilled margins, cut the gabbro complex and its country rocks.
These vary from a few cm up to 5 m wide and are traceable for up to
about 4 km. They are especially common in the Melshogna area and are
the youngest rocks associated with the complex.

Differentiation

The Fangen-Hyllingen gabbro complex has a marked differentiation which
has been discussed for the Hyllingen part of the complex by Nilsen (1973).
The first differentiates are the ultramafics which occur in the extreme
north of the complex which represent the deepest exposed leve! of the com
plex. The differentiation trend passes through olivine gabbro, gabbro,
diorite and finally rocks containing free quartz at the original top of the
complex. From investigations of the differentiation pattern of the complex
based on ten whole rock chemical analyses, Nilsen (1973) concluded that
the trend showed a combined 'normal' layered trend and a calc-alkaline
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trend (in the sense of Osborn (1962)) caused by an initial high oxygen
fugacity in the original magma, andjor a high Ti02 content.
Robins (1974), in a discussion of the differentiation trend of the Hyllingen
part of the complex presented by Nilsen (1973), suggested that since the
analyses presented did not represent average cumulates with compositions
related to successive parental liquids, no conclusions regarding the nature
of the evolutionary trend for the gabbro could be made. Nilsen (1974)
replied that his analyses give an indication of the fractionation products
of the crystallizing magma, and that the fractionation trend resulted from
a calc-alkaline evolutionary trend of the Hyllingen magma. It is hoped
that our future petrological and geochemical investigations of the complex
will give further evidence of the magmatic evolutionary trends of the
complex.

Layering

The most obvious field character of much of the complex is its layered
nature, and rhythmic layering is clearly apparent and often beautifully
developed in individual outcrops. Cryptic layering occurs in the Hyllingen
area as reported by Nilsen (1973) in the plagioclase compositions becoming
progressively more albite-rich to the east. Nilsen reports the following
compositions from west to east: peridotites An65.oo; olivine gabbros An6o.40;
pyroxene gabbros An45-35; diorite An35,20; monzonite Anto-5· No regular
variation in olivine or pyroxene composition could be established, apart
from a slight iron-enrichment of the orthopyroxenes towards the east from
the olivine-bearing to the pyroxene gabbros. Abrupt cryptic layering is
shown for example by olivine, which only occurs in the deeper parts of
the body and is absent in the dioritic and felsic differentiates. Systematic
petrographic studies of material from the northern part of the complex
are currently being carried out.
Rhythmic layering is extensively developed throughout the complex and
grading and slump structures are often present. Gravity stratification is
visible in places on hand specimen scale, where a single layer a few centi
meters thick may show stratification with a concentration of opaque oxides
at the base, grading up into olivine, followed by pyroxene. Such mafic
layers may be interspersed with plagioclase-rich ones giving a sequence of
strongly contrasted alternating light and dark horizons.
This mesoscopic layering may be superimposed on a coarser scale of
rhythmic layering measured in tens of meters. An occurrence in the south
Ruten area, where metamorphism and deformation are slight, is of a
peridotitic horizon, consisting of several individual olivine-rich and maybe
also ore-rich layers, grading with increasing plagioclase content to an olivine
gabbro. Within the olivine gabbro unit, some pyroxene-rich and occasional
peridotite horizons occur. Higher up olivine disappears and the unit be
comes a gabbro or norite with individual pyroxene-rich layers alternating
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with layers consisting almost entirely of plagioclase. This is followed by a
new peridotitic horizon marking the beginning of a new sequence. Such
rhythmic development with fine-scale layering superimposed on a coarser
scale is well known from layered intrusions such as the Skærgaard, Still
water and Rhum complexes.
The rhythmic layering, especially in the peridotitic horizons of the Ruten
area, often shows evidence of primary slump structures. Erosional discon
formities and trough banding also occur and these features, together with
graded bedding may be used to indicate the way up of the igneous layering.

Contact relations

The Fongen-Hyllingen gabbro complex is emplaced in country rocks
(Fig. 2) consisting of mica schists, containing minor amphibolites, and
metavolcanics, mostly of basic composition. Olesen et al. (1973) from a
study in the northern part of the area refer these- rocks to the Fundsjø
Group (equivalent to the Støren Group), while in the southern part Nilsen
(1971) refers the metavolcanics to the Støren Group and the mica schists
to the Gula Schist Group of the Caledonides of the Trondheim Region
(see Roberts et al. (1970)). For our purposes it is sufficient to refer to the
different country rocks by their lithology, namely, a metavolcanic unit
and a mica schist unit.
The metavolcanic unit outcrops mainly to the west of the complex and
is in direct contact with it in two places - along the southwestern margin
in the Hyllingen area and at the extreme northwest of the complex.
Lithologically this unit consists largely of basic metavolcanics and amphi
bolites, in places with relict pillow structures preserved. Metatuffs, meta
agglomerates, prominent metakeratophyres and some graphitic horizons
occur locally.
The entire eastern contact of the gabbro is with rocks belonging to the
mica schist unit and a thin strip of mica schist, usually a few hundred
meters wide, occurs along much of the western contact between the gabbro
and the metavolcanics. A 'nose' of gabbro cuts through this strip of mica
schist and penetrates the metavolcanics in the extreme northwest.
Olesen et al. (1973) suggest that the country rocks were regionally
metamorphosed to biotite grade before the intrusion of the Fongen-Hyl
lingen gabbro, which then contact metamorphosed its envelope. The peak
of the regional metamorphism was reached after the emplacement of the
gabbro so that the contact aureole and the gabbro itself have been sub
jected to a major regional metamorphic event.
Three zones of contact metamorphism are mapable in the northern
part of the envelope and isograds characterized by the index minerals
andalusite, sillimanite and cordierite are shown in Fig. 2. All zones ad
ditionally contain garnet. The possible existence of an outermost biotite
contact metamorphic zone is not traceable because of the regional meta-
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morphism both before and after the gabbro emplacement. The presence
of contact metamorphic zones has not been established to the south of the
River Nea, though approximate localities of individual occurrences of
index minerals reported by Kisch (1962), Nilsen (1971, 1973) and Birkeland
& Nilsen (1971) are shown in Fig. 2. An outermost andalusite zone of
contact metamorphism is present around the northern part and there is
an area with andalusite to the southeast of the complex. A sillimanite zone,
noteworthy for locally containing prismatic sillimanite crystals up to 5 cm
long, occurs inside the andalusite zone in the north. Fig. 2 shows that
approximately to the south of section Il sillimanite is the innermost zone,
occurring immediately adjacent to the gabbro, except in the extreme south.
Sillimanite of contact metamorphic origin is present in the mica schist
unit extending down the western side of the complex where sillimanite is
the innermost zone.
A cordierite-bearing contact metamorphic zone up to about l km wide
on the map is present around the northern part of the complex, where
the rocks appear as massive hornfelses sometimes with migmatitic struc
tures. The migmatization may extend into the sillimanite zone, being
derived from partial metting of the country rock. The rocks within the
cordierite zone generally consist of garnet, orthopyroxene, and an amphi
bole of anthophyllitefgedrite or cummingtonitefgrunerite affinity, together
with cordierite, orthoclase, sillimanite, plagioclase, quartz and accessories.
Occurrences of rocks with similar mineralogy have been reported in the
country rocks a few hundred meters from the gabbro contact to the
southwest of the complex (see Fig. 2) in the vicinity of Rødhammer Mine
by Nilsen (1971). Kisch (1962) found an isolated occurrence of cordierite
bearing rocks about one kilometer east of the complex south of Tydal
(Fig. 2) but it is not certain that these are in situ (Kisch pers. comm.)
and so they will not be further considered here. Xenoliths within the
gabbro usually resemble these innermost contact metamorphic rocks.

Metamorphism and deformation
After the emplacement of the gabbro complex, the area was subjected to
regional metamorphism of the Barrovian type and it was intensively de
formed, the rocks attaining a new foliation. The country rocks to the
west of the gabbro, including the contact aureole, betong to a staurolite
kyanite zone, while those to the east belong to a biotite zone. To the north
a garnet-hornblende zone intervenes between the staurolite-kyanite and
biotite zones; the isograds separating these zones strike roughly north
south, and impinge on the contact-metamorphic aureole.
A general effect of the regional metamorphic overprinting is a com
mon hydration of previously relatively dry mineral assemblages such as
orthopyroxene � orthoamphibole and cordierite -+ chlorite + white mica
+ staurolite.
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Otherwise the different parts of the aureole and complex are differently
effected. A line running approximately north-south through the Ruten
mountain divides the aureole and complex into a western part, in which
the aureole mineral assemblages are partly or completely transformed to
Barrovian type kyanite-staurolite assemblages such as andalusite � kyanite,
andalusite -+ white mica + staurolite ( ± kyanite), or sillimanite � white
mica + staurolite, and an eastern part in which the aureole mineral as
semblages are preserved. The position of this separating line is not well
defined in the southern part of the complex. Birkeland & Nilsen (1972)
describe cordierite- and sillimanite-bearing hornfelses close to the south
eastern tip of the complex that also contain aggregates of kyanite-biotite
quartz, which they interpret as pseudomorphs after andalusite. They also
describe kyanite- andjor staurolite-bearing alteration products of andalusite
from andalusite schist. Whether this applies to the andalusite schist posi
tioned 1-2 km east of the southern tip of the complex is not clear from
their description. Anyway, the dividing line is positioned to the east of the
southern part of the complex.
Kisch (1962) describes intergrowth of kyanite and sillimanite from a
locality a few km north of Hyllingen mountain. Whether the two phases
grew stably together, or represent replacement of sillimanite by kyanite or
vice versa is not clear at present.
As mentioned above, a penetrative deformation of regional extent ef
fected the country rocks outside the aureole as well as the aureole itself
(and to a lesser extent the complex). It was largely contemporaneous with
the kyanite-staurolite grade metamorphism west of the complex, as well
as with the contact metamorphic episode. A narrow sporadic zone along
the margin of the complex consists of massive hornfelses, often containing
1-2 cm sized garnets. Further away from the contact mica schists often
contain porphyroblasts with an isotropic inclusion pattern, indicating that
these rocks were also once hornfelses. Thus the contact metamorphism
initially produced a wide zone of hornfelsic rocks, which were soon there
after penetratively deformed. The andalusite, sillimanite and cordierite
formed during hornfelsing were stable during this deformation. However,
the transformation of e.g. andalusite to kyanite postdated, at least partly,
this deformation, as also noted by Birkeland & Nilsen (1972).
Metamorphism is unevenly developed throughout the complex, perido
tites often being transformed to serpentine-magnetite rocks. When the
metamorphism does not have associated penetrative deformation, the
primary igneous microstructure of the rock is retained, the brown weath
ering color changes to gray or greenish, the mafic minerals are largely
replaced by amphibole and the plagioclase takes on a white color. Thus
the original igneous layering may become accentuated by the meta
morphism increasing the color contrast between the mafic and felsic
horizons.
Original orthopyroxene-bearing rocks, when metamorphosed, can show
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Fig. 4. Relict igneous
microstructure and
rhythmic layering in
metamorphosed gab
bro is completely ob
literated in a shear
zone, thus being trans
formed to a foliated
amphibolite. The ham
mer shaft is 40 cm
long. Locality at the
River Nea.

a microstructure typical for the whole of the Fongen-Hyllingen complex,
with the orthopyroxene replaced by a central core of light greenish c.wn
mingtonite, rimmed by dark green to black hornblende. Garnet is lodllly
present. Clearly the main material introduced during metamorphism was
water, and there is in places evidence that this was introduced along fine
fractures with a zone of hydration on either side. These fractures may be
filled by pegmatites but there is no relation between the thickness of the
pegmatite and the width of the hydrated zone.
The gabbro complex is commonly penetratively deformed, the rocks
taking on a foliation concordant with the prominent foliation of the
country rocks. At a later stage the complex has been folded and tilted, a
roughly north-south tracing synformal binge zone passing through the
northeastern part of the complex, essentially as shown in Fig. 2. In the
country rocks north of the Fongen mountain within a distance of about
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Fig. 5. Highly deformed gabbro in which no primary igneous structures remain. The
rock is now well foliated, banded amphibolite with boudin-like structures. The ham
mer shaft is 40 cm long. The southem Melshogna area.

l km from the complex it is possible to trace the foliation almost con
tinuously around the binge zone. Here numerous gentle folds of meso
scopic scale deform the foliation. Further to the north and also southeast
of the mountain Melshogna outcrops are few and the position of the
binge zone is interpreted as being located where the foliation of the
country rock converges.
The penetrative deformation of the gabbro can locally be so intense
that primary structures are completely obliterated, especially in the area
south of section Ill in Fig. 2 and north of the River Nea. Different stages
of deformation are observable. Firstly the rock partly recrystallizes and
becomes foliated, the original layering still being observable (Fig. 4). With
further deformation and recrystallization the foliation becomes more in
tense and the igneous microstructure disappears, the rock becoming a
foliated amphibolite. Further deformation can give a gneissic structure
with segregation into felsic and mafic zones, and boudin-like structures
may form (Fig. 5). Agmatitic structures may develop, with blocks of
amphibolite, sometimes with traces of relict igneous layering showing
that blocks are rotated, separated by a pegmatitic network of veins which
are also commonly intensely deformed.
Faulting occurs locally but it is not thought to have a major effect on
the shape of the complex.
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Fig. 6. Approximately east-west sections across the gabbro complex. The location of
section lines I to IV is shown in Fig. 2. Actual measurements are shown in thick
lines, while dashed lines show the interpreted
shape of the body.

orientation of the layering and the

The form of the complex
A series of sections through the complex are shown in Fig. 6. It is clear
from sections I and Il that the northern part of the complex has an
asymmetric bowl-shape with horizontal layering at the center, dipping
away from the margin on either side, and the western contact is near
vertical or slightly overturned. The thickness of layers to the west of the
center cannot be accommodated to the east between the center and the
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contact, and so either extensive thinning or an angular discordance or
both is suggested between the layering and the margin. In the few places
along the eastern side of the northern part of the complex where the
contact relations between the gabbro and the country rock can be inves
tigated, it is apparent that the contact dips more steeply than the rhythmic
layering. This has been expressed at the eastern end of the profiles in
Fig. 6. Contrasted with this, along the western side of the complex, the
contact and layering both dip steeply, and may be locally overturned, as
Fig. 6 clearly illustrates. Such an angular discordance is a normal feature
of layered complexes, such as the intrusions of Skærgaard (Wager & Brown
1968, e.g. fig. 8) and Muskox (Irvine & Smith 1967, e.g. fig. 2.2).
Section Ill in Fig. 6 has been drawn at a critical location for the under
standing of the form of the complex. Sections I and Il are typical for the
northern part of the complex where it has a bowl-shape and the original
top of the complex lay above the present exposure level. To the south
of section Ill, the body has a sheet-like form with the base to the west
and the top to the east, and section Ill shows the nature of the transition
between the two. The western contact is slightly overturned and the
rhythmic layering, showing consistent younging to the east, is also over
turned locally. At the eastern contact, the primary layering is the right
way up and dips towards the center of the complex at about 60-70°. From
the orientation of the layers in section Ill it is clear that the central, or
highest level, part of the complex must here lie very dose to the eastern
margin. However, the occurrence just to the north of this section of an
outcrop of felsic differentiates which in the Hyllingen area occurs con
sistently on the eastern side, or top, of the complex, indicates that the
roof of the gabbro must have been located only slightly above the present
erosion level, as shown in the diagram. Clearly the steep dips and local
overturning cannot be primary igneous features and a post-emplacement
flexuring of the complex must have taken place. A synformal hinge zone
of this flexuring is traceable in the country rocks to the north of the
complex and passes through the northeastern part of the gabbro (Fig. 2).
The major effect of this synform is to accentuate the bowl-shape of the
northern part of the complex, and to tilt the body down to the east.
Any sections through the gabbro south of section Ill Iie entirely on the
western flank of the synform and will show consistent younging to the
east. Such a section is shown in section IV with the base of the complex
to the west and the top, with felsic differentiates, to the east. Only the
dip would be different in the sections, with steep westerly dips in the north
gradually going through vertical just south of the River Nea to moderate
easterly dips at section IV. The location of section IV was selected also
to show the subdivision of the Hyllingen part of the complex into major
rock units by Nilsen (1973). Therefore the Fongen-Hyllingen gabbro
complex can be described as having a bowl-shape in the north, developing
a sheet-like form in the south.
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IV1
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LATE FELSIC DIFF E RE NTIATES
TRACE OF IGNEOUS LAVERING WITH
PERIDOTI TIC HORIZON
PELITI C

SC HIST

ME TAB ASITE/AMPH IBOLITE
POST- GABBRO

FOLIATION

Fig. 7. Model of the fonn of the Fongen-Hyllingen gabbro complex, which is pres
ented as having a bowl-shape with a feeder. Rock types vary upwards from peridotites
through olivine gabbro, gabbro and diorite to felsic differentiates at the top. The
relationship between the gabbro and its envelope is also shown. East-west section lines
from Figs. 2 and 6 are drawn here as curves to try to show the effect of folding and
tilting on the body.

Estimates of the thickness of the complex can be made by measurements
normal to the layering. In the Hyllingen area a total of about

3 km in

cludes the rock sequence from the peridotite-bearing olivine gabbro at the
base up to the final felsic differentiates at the top. In the northern part
of the complex, measurements of thickness give a value of about

5 km,

but this is up to the highest exposed level in the Fongen area which is
still olivine-bearing. lf the highest level here is the top of the olivine
bearing zone and the same thickness of gabbrojnorite, diorite and felsic
differentiates were developed as in the Hyllingen part of the complex
(about

2 km) then an estimate for the total thickness of the complex as a
7 km. Clearly the northern part presents a section through a

whole is

deeper part of the complex than the southern part.

A model of the form of the Fongen-Hyllingen gabbro complex, based
on the information presented above, is shown in Fig. 7. It is obvious
that any attempt to represent such a three dimensional body in a planar
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diagram requires simplification, and this must be borne in mind when
using the model.
The complex is essentially bowl-shaped, the rock types showing variation
from peridotites at the base up to felsic differentiates at the top. Internal
layering in the complex has a saucer-like form. No chilled margin has been
found. The nature of the country rocks is shown, the contact being with
mica schists except for two places. One of these is in the southwest of the
complex where the gabbro cuts across what may be a pre-emplacement
fold. Most interesting is the relationship in the extreme northwest of the
complex, in the vicinity of the greatest concentration of ultramafic rocks,
where the gabbro cuts through the schists at a high angle and penetrates
the metavolcanics. This is interpreted as the remains of a possible original
feeder to the layered gabbro complex. In the field the rhythmic layering
of the gabbro is locally parallel with this northwest extension and there
are abundant country rock inclusions in this area. The location of a feeder
near the accumulation of ultramafics is consistent with this area represent
ing the deepest exposed level of the complex.
The orientation of the post-emplacement foliation imposed on the
complex and its envelope during regional deformation is shown on the
model. The foliation is parallel or only slightly oblique to the gabbro con
tact except in two areas. The first is in the extreme northwest where both
the compositional banding of the country rocks (interpreted as a pre
emplacement foliation) and the later foliation are oblique to the contact this is at the supposed feeder to the complex. The second location is, after
the model, high up on the flanks of the bowl-shaped complex. Such a
situation occurs to the south of the Ruten mountain (see Fig. 2), where
the gabbro contact dips steeply (approx. 80-90°), while the foliation is
oblique to the contact with a dip of about 30°. This is in agreement with
this part of the complex being located high up on the flanks of the body.
An attempt has been made to locate the east-west section lines I-IV through
the gabbro shown in Figs. 2 and 6 on the general model in Fig. 7. The
trace of the hinge zone of the synform runs more or less north-south in
the country rocks (Fig. 2) and passes through the northeastern part of the
gabbro, and the section lines 1-111 in Fig. 7 are shown as curves to try to
represent the effect of the folding. Passing from north to south, from
sections I to IV there is clearly a down-tilting to the east.
Section line I is entirely within the deeper parts of the intrusion, the
saucer-like orientation of the layering being accentuated at the margins,
especially in the west, by the folding, and near-horizontal layering only
being found somewhat to the east of the center. In section Il the folding
is more emphasized with near-vertical layering in the west and a steep
eastern contact. Near-horizontal layering coincides with the highest level
exposed near the eastern margin and the eastern contact of the gabbro
is oblique to the later foliation which is observed both in the country
rock and the gabbro complex. Section line Ill is similar to section line Il
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except that the highest level exposed is slightly nearer the top of the in
trusion with felsic differentiates. South of section Ill in Fig. 2 the gabbro
is much narrower, being only about lYz km wide, and this thinning, which
is not represented in Fig. 7, may be due to original shape differences in
the gabbro magma chamber or to internal deformation, i.e. a shearing
out of the body, or a combination of these. While the gabbro in this area
is in general strongly deformed, it seems unlikely that this deformation
alone could have produced the roughly 100% thinning relative to the
Hyllingen section to the south. Therefore we prefer to consider this effect
to be for the most part due to primary variation in form of the gabbro
complex. Section line IV is shown as a non-folded but highly tilted section
through the layered complex passing from west to east through olivine
gabbro, with subsidiary peridotite at the base, through gabbro and diorite
to felsic differentiates at the top. This is entirely consistent with Nilsen's
(1973) presentation of the southern part of the Fongen-Hyllingen complex
as a flexed sheet.
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