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Abstract

The Grænseland area exhibits amiddle Precambrian (Ketilidian) succession of
unusually well preserved sediments, basic volcanics, and intrusives. A Ketilidian type
lithostratigraphy is established and the evolution of the sedimentary basins is recon­
structed.

The sedimentation began on a weathered gneiss surface with residual gravel and
arkoses. An early carbonate sedimentation led to a severe alteration of the gneiss sub­
stratum.

Varved pelites and a magnetite-conglomerate with chert pebbles transgressed
the earlier deposited sediments and the gneiss substratum; orthoquartzites were
thereafter deposited in two basin structures.

The deposition of dolomitic shales and pelites appears to indicate progressively
increasing depth. Large amounts of graded greywackes, interpreted as turbitides, bear
witness of unstable tectonic conditions and a subaqueous tallus indicates nearby fault
activity. Filled with greywackes the basins appear to have stabilized, and a compara­
tively uniform euxenic facies of carbonaceous shales and dolomites with preserved
organic remnants prevailed independent of the earlier basins in a period of tectonic
quiescence. A considerable thickness of pillow lavas then appears to have been ex­
truded under conditions of quiet subsidence during the euxenic conditions shown by
the existence of an anthracite-carbonaceous shale layer and the local facies relations
on top of the pillow lavas. A new phase of sedimentation appears to have taken place
under conditions of tectonic activity and explosive volcanism.

The total thickness of the Ketilidian strata in Grænseland is approximately
4400 m. This succession is compared with other areas of Ketilidian deposits in South­
West Greenland.

The Ketilidian deposits were deformed in two periods of folding, accompanied
by thrusting and metamorphism under low greenshist facies conditions. The firs t de­
formation is a local drag in incompetent horizons and is possibly related to the tilting
and twisting of the basement surface. The second deformation is of regional impor­
tance but of very different development depending on the material affected and its
position in relation to the sedimentary basins and earlier formed structures. Some
areas are virtually undeformed. The basement reacted to the deformations by breccia­
tion and faulting. An analysis of lineations in a thrust zone indicates that the initially
formed lineations were twisted and bent towards the direction of tectonic transport.

A correlation, based on deformation of metadykes, is attempted with other are3.S
of Ketilidian activity and it is suggested that the second deformation occurred close
to 1635 m.y. and corresponds thus to the Sanerutian plutonic episode.

The Ketilidian (1800 m.y.? -1500 m.y.) is envisaged as an orogenic cycle of
deposition, folding and metamorphism beginning at and ending with major uncom­
formities. The basement gneisses are shown to contain evidence for two older (pr2­
Ketilidian) orogenic cycles.
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PREFACE

This paper is a description of an area of migmatitic basement gneisses
unconformably overlain by well preserved Precambrian sediments and

volcanics. The depositional and structural history of the rocks is presented
and evidencc is provided of the conditions prevailing during early Ketili­
dian time i.e. probably between 1700 m.y. and 2000 m.y. ago.

The area described is situated along the margin of the Inland Ice in
the Ivigtut region (fig. 1) of South-West Greenland, and has been named
Grænseland ("border land").

The field work was carried out as a part of the systematic mapping
of the Ivigtut region (Ivigtut sheet 1 :100000 from 61 °00' N to 61 °30' N)
by the Geological Survey of Greenland (Grønlands Geologiske Under­
søgelse - GGU). This mapping was begun in 1953, but the mapping of
Grænseland was postponed because of the lack of maps until 1960, when
excellent aerial photographs became available. Previous investigations of
the area have been restricted to short traverses. The intention of the 1960
work was to make a reconnaissance map suitable for final publication on
a scale of 1 :100000 and was carried out by A. BERTHELSEN (the region be­
tween Lappesø and Foselv) and the author. The results, however, were of
such importance that further investigations were carried out by the au­
thor in the summer of 1961. Because of transport difficulties, the work of
this summer was restricted to the area between Grænsesø and Foselv, and
thus not all parts of the area have been mapped in the same degree of
detail.

The areas immediately to the west of Grænseland have been mapped
by L. F. BONNARD and his field maps have been of great assistance,
especiaIly in the southern part of the region. Parts of Grænseland were
mapped in detail in 1961 by O. LARSEN and J. HANSEN (the area just
north of Lappesø, part of the basement gneisses and an area near Vallen)
and their results have been of great value in the preparation of this work.

Much of the material forming this paper has previously been pre­
sented as a prize dissertation at the University of Copenhagen (BONDESEN ,
1962). A brief review of the geology of Grænseland with a description of
organic remnants and the isotopic composition of carbonaceous material
has been published (BONDESEN, PEDERSEN and JØRGENSEN, 1967). Fur-
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Fig. 1. Geological map of the Ivigtut region.

ther work on the organic material has been carried out by RAUNSGAARD

PEDEHSEN both regarding renewed collection in the field (PEDERSEN,

1966, p. 40; 1967; 1968, p. 51) and laboratory work (PEDERSEN and LAM,

1968; LAM and PEDERSE ,1968).
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An occurrence ofaxinite (BONDESEN and PETERSEN, 1965) and
some small sand volcanoes (BONDESEN, 1966) have been described. Re­
views on the geology of Grænseland have also been presented in accounts
of various aspects of the geology of South-West Greenland (BERTHELSEN,
1965; WINDLEY et al., 1966; HIGGINS and BONDESEN, 1966).

The folIowing description will fall in three main parts:

1) a brief account on the basement rocks, their structure and de­
velopment,

2) a description of the stratigraphy of the Ketilidian and a discus­
sion of the conditions during the Ketilidian sedimentation,

3) an analysis of the deformations during the Ketilidian orogenesis
together with a short account on the metamorphism and a general
synthesis of the Ketilidian events.

Finally a brief supplementary description of the geology of the Gar­
dar period and the Quaternary in the area is presented.



INTRODUCTION

The area

The situation of the Grænseland area is shown in figs. 1 and 2.
The area between the fjords Arsuk Fjord and Sermiligårssuk is an

uneven plateau deeply dissected by valleys. The summits of the plateau
are in the coastal region about 400 to 600 metres above sea level, and gra­
dually attain a higher level towards the east. Much of the plateau area is
characterized by the occurrence of numerous lakes, and of comparatively
small glacially eroded hills whose summits are rarely more than 300 m
above the surrounding terrain. Exceptions to this general rule are the
peaks of the Kungnåt massif and the Tigssaluk granite, which rise to
altitudes of 1300 to 1400 metres.

In the Grænseland area the mean altitude is in the order of 900 metres
above sea level, with the summits in the area near the Inland Ice reaching
an aItitude of 1000 to 1100 metres, about the same altitude as the fringe of
the ice capo However, the area differs in some respects from the general
topographical pattern, partly because of its different geology.

The gneiss country to the west of Grænseland rises from belowa sedi­
mentary lowland to form a barrier with an aItitude of 900 to 1000 metres,
which is deeply dissected by a few canyons by which melt water torrents
from the Inland Ice make their way to the lake depressions of the plateau
and eventually to the sea. The gneiss barrier dams a row of north-south
elongate lakes: Grænsesø ( = border lake), Vallen ( = the whey, named be­
cause of its turbid melt water) and Lappesø. From Lappesø a broad valley
narrows to the south, receives the Foselv river from the east and deepens
out to an imposing canyon as the river approaches the sea. Around and
between the lakes, in comparatively low country, sedimentary rocks are
exposed.

An escarpment 100 to 200 metres in height runs from north to south
throughout Grænseland, to the east of the lakes and the sedimentary low­
land. This feature can be followed beneath Blåisen (the blue ice) as a
marked change in the ice topography, and outcrops as a small nunatak
south-south-west of Vallen. The escarpment marks the beginning of the
high eastern plateaus of Fønland and the area of upper Foselv, which are
made up of massive volcanic rocks. In the southern part of Grænseland
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Fig. 2. Obliqlle aerial photogr·aph looking souLh over Grænseland. To the right
(west) basement gneisses with amphiboJite zones form ridges which project into the
lakes as peninsulas. In the foregrollnd is Vallen, north and south of which the
bedding in gracled greywackes is easily cliseernable. The souLh-west corner of the
Fønland pillow lava area is seen in the lower lert foreground. A large Gardar dolerite
dyke is seen in the middle foreground. KoLe also the moraine ridge bordering the
Inland lee. The high mountainolls region of the easLel'll Julianehåb district 200 km
south-east of Grænseland is discernable on the horizon. (Reprodueed by permission

of the Geodætisk In ti tut, Copenhagen.

two "peninsulas" reaeh into the lnland lee and are separated by Sortisen
(the blaek iee). This country differs from Fønland in the several small
narrow north-south valleys, e.g. Rendestenen, which are determined by
tectonic features.
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The southern and northern limits of the area are determined by
steep cliff faces which drop to the Arsuk glacier and Sioralik glacier re­
spectively. The glaciers themselves descend rapidly from approximately
800 metres altitude to sea-Ievel. Grænseland is thus difficult to approach
from either fjord, and the numerous melt water torrents from the ice cap
restrict free movement within the area.

The area is extremely well exposed with extensive ice-polished sur­
faces but early in the summer large snow fans cover parts of the area.
Moraine cover and vegetation is scarce; however, the sedimentary country
commonlyexhibits a surprisingly rich and abundant flora considering the
extreme climatie conditions.

Regional geology and development of research

The first modern account on the geology of South Greenland was given
by WEGMANN (1938, 1948), and this has formed the basis for the work
carried out by members of GGU since 1953. As the mapping of the Ivigtut
sheet progressed BERTHELSEN, in 1960, outlined the results in a general
synthesis. The mapping of the Grænseland and the Midternæs areas,
however, necessitated some modifications of this picture and of the earlier
chronology. The revised chronology and a brief review of the previous
work has been presented by HIGGINS and BONDESEN (1966).

The Ivigtut region (fig. 1) extends from Sermiligårssuk in the north
to Kobberminebugt in the south. A belt of supracrustals - greenshists
with pillow structures and metasediments - with migmatitic relations to
the surrounding gneisses (AYRTON, 1963; WIEDMANN, 1964; WINDLEY et
al., 1966) is found in the northernmost regions around Sermiligarssuk fjord.

These supracrustals - the Tartoq Group - are in Midternæs uncon­
formably overlain by younger Ketilidian sediments (HIGGINS and BONDE­
SEN, 1966). The Ketilidian supracrustals can be traced from Midternæs
through Grænseland to Qornoq, to Qipisarqo and Kobberminebugt; they
are also found in the Arsuk ø - Storø area. The border relations between
the Ketilidian supracrustals and the basement gneisses and migmatites
grade from autochthonous in the north to allochthonous, tectonized,
gneissified and granitized contacts in the south. The intensity of defor­
mation, metamorphism and reactivation of the basement increases from
north to south (WINDLEY et al., 1966).

The gneisses and migmatites of the central Ivigtut region - referred to
the pre-Ketilidian (including the Tårtoq Group) - are composed of a
varied lithological sequence of gneisses, amphibolites and mica schists
forming major gneiss divisions (BONDESEN and HENRIKSEN 1965, p. 7),
one of the which is characterized by inclusions of hornblende-plagioclase
rocks (gabbro-anorthosites). (BERTHELSEN, 1960 a, p. 46).
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These gneiss divisions outline complicated fold structures which can
be followed as a broad arch from a general east-west trending strike in the
northern part, to north-south and again to an east-west trend in the south­
ern part. The history of the structural development of the migmatites and
gneisses seems to be that three phases of folding affected the material, of
which the second was the major phase during which the main migmatitic
structures were formed. Between the second and third phase of folding
consolidation took place and ultrabasic bodies were emplaced. The third
deformation was of a semiplastic nature and was accompanied by some
migmatitization and granitization (BERTHELSEN, 1960 a, 1961; AYRTON,
1963; WEIDMANN, 1964).

The relations between the Tårtoq Group supracrustals and the pre­
Ketilidian gneisses and migmatites are uncertain. The third deformation
in the northern part of the region affected both groups of rocks. Dntil the
period of consolidation between the second and third deformation and
the role of the ultrabasics occurring in close connection to the Tårtoq
Group have been further elucidated, it cannot be excluded that parts of
the Ivigtut region belong to orogenic cycles older than that in which the
Tårtoq Group supracrustals were deposited and deformed.

The evolution of the Ivigtut gneiss complex was succeeded by the
intrusion of basic dykes of several generations with various trends (BON­
DESEN and HENRIKSEN ,1965). Some of these cut the Tårtoq Group supra­
crustals and some also the Ketilidian (see p. 180). The metamorphism and
deformation of these dykes coincided largely with the increasing deforma­
tion and metamorphism of the Ketilidian supracrustals. In the southern
part of the region synkinematic granites and augen gneisses were em­
placed, and in the central part of the region a granite plug was intruded
(EMELEUS, 1963).

In the Ilordleq area, south of Kobberminebugt, relations between
Ketilidian granites, basic metadykes and the reactivation of granites
justify the establishment of a late Ketilidian phase of plutonism - the
Sanerutian plutonic episode (WATTERSON, 1965) - dating from 1650 m.y.
to 1500 m.y., Farther to the south in the extensive Julianehåb granite
area a complex chronological development of intrusive, metasomatic and
reactivated granites, with inclusions and enclaves of supposed Ketilidian
supracrustals and possibIe pre-Ketilidian rocks, occurs (ALLAART, 1964,
1967). South of this region supracrustals, referred to as Ketilidian, again
outcrop in a NE-SW trending belt around Søndre Sermilik fjord (ESCHER,
1966).

In the Gardar period the whole of South Greenland was subjected to
faulting and dyking, and plutonic complexes were emplaced. One of these,
the well known Ilimaussaq batholith cuts through deeply dissected Juli­
anehåb granite and Gardar continental sandstones and lavas. In the Ivig-
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tut region the Kungnåt syenite complex (UPTON, 1960), the Grønnedal
nepheline syenites (EMELEUS, 1964) and the Ivigtut granite and cryolite
ore (BERTHELSEN, 1962) are some of the larger intrusive bodies, which
with numerous dyke generations present a complex chronological pattern.
Fault movements along major wrench fauIts reached the scale of several
kilometres (HENRIKSEN, 1960).

Ayoung post-Gardar dyke swarm along the coast may be of Meso­
zoic age (WALTON, 1966; LARSEN, 1966).

The regional chronology of South-West Greenland has been under
current discussion among GGU geologists for the last decade. Lately
ALLART (1967, p. 128) has reviewed this discussion and presented a chro­
nological nomenclature, which takes into consideration also the material
discussed in this paper.

An evaluation of isotopic age determinations from the region was
presented by BRIDGWATER (1965), who also discussed the chronological
possibilities. The ages determined range from 3520 m.y., which is a lead
age from the central Ivigtut region, to 1012 m.y., which is ayoung Gardar
alkali intrusion. The general chronological concept with isotopic ages and
possibIe ages, modified from BRIDGWATER (1965), LARSEN (1966, p. 57),
LARSEN and MøLLER (1968, p. 82), JØRGENSEN (1968, p. 87) is as follows:

Post-Gardar .
Gardar .
Ketilidian .
Tårtoq Group .
Pre-Tårtoq Group? .

164 m.y.
1020-1275 m.y.
1500-2000 m.y. ?

? 2500-2700 m.y. ?
>3000 m.y.

The main structural divisions

As an introduction to the geology of Grænseland a short description
of the main structural divisions (fig. 3) will be presented.

The main structural divisions are:

1) The basement gneisses
2) The sedimentary division
3) The pillow lava division
4) The eastern thrust complex.

The boundaries between these main units are either original sedi­
mentary contacts or tectonically modified contacts as is indicated on
fig. 3:
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Fig. 3. The main structural divisions of the Grænseland area.
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1) Thc bascmcnt gnei 'ses outcrop throughout western Grænseland.
They are bordered to the east by the unconformity at the base of
the sedimentary division and to the west they grade into the
gneis c of the central Ivigtut region, They vary from homo­
geneous nebulitic gneisses to streaky and banded biotite gneisses,
and also include zones of banded amphibolite . They are older
than the sediment and are referred to the pre-Ketilidian.

2) The edimentary divi ion rests unconformahly an the basement
gneisses and is referred to the Ketilidian. The original sedimen-
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tary contact is preserved over the major part of the area. The
sedimentary sequence has developed in two sedimentary basins
and consists of dolomites, shales, quartzites and pelites, and in
the upper part of graded greywackes which are cut off on various
levels by an eastward-dipping transgressive thrust at the base of
the pillow lava division.

3) The pillow lava division is in its lowest part characterized by
dolomites, shales, and cherts, but the major part of the sequence
consists of very slightly deformed pillow lavas which have been
intruded by numerous sills. Within the pillow lavas local bands
of sediments and pyroclastics occur.

4) The eastern thrust complex consists of several minor thrust
units and is separated from the pillow lava division by a major
eastward dipping thrust. The lower part is characterized by
dolomites, pelites and thick pyroclastic deposits and the upper
part by pelites and greywackes. The succession is intruded by
several thick basic bodies.

The basement gneisses have a long history of development prior to
the formation of the three main supracrustal structural divisions, and
they are therefore treated separately in the next section.

185 2



THE BASEMENT GNEISSES

The material

The basement gneisses have been mapped in aseetor along the border
of the Grænseland supracrustals, as indicated on the geological map
(plate 11). In the folIowing pages the field relations and also some micro­
scopie characteristics of the gneisses and related rock types will be de­
scribed.

In general the rocks ean be devided on a regional basis into three
groups:

1) a northern area of mainly uniform gneisses extending from the
Sioralik glacier to the area west of Vallen,

2) an area west of Zigzagland composed of homogeneous, streaky
and banded gneisses grading into amphibolites,

3) an area from the west of Lappesø to the Arsuk glacier consisting
mainly of banded rocks.

As ean be seen from the geological map (plate 11) the rocks of area 3
are a direct continuation along the strike of those of area 2. The above­
mentioned division have thus no relation to the structures and is only
established for practical reasons.

In accordance with the migmatite terminology proposed by BER­
THELSEN (in SØRENSEN, 1961) and in general use among GGD geologists
the uniform gneisses may be described as homogeneous gneisses. Other
structural descriptive terms used in this section are in accordance with
the same scheme.

1. The northern are a

In the northern part of the area near the Sioralik glacier homo­
geneous granodioritic to granitic gneisses occur. The same rocks also
outcrop to the west and as far as the southern end of Grænsesø. The rocks
are massive, white or locally pink in colour, generally fine- to medium­
grained and rarely coarse-grained. The most commonly seen structural
elements are lenticles of platy quartz, which may show a linear arrange­
ment. Measurements of the orientations of the platy quartz did not show
any clear structural pattern on a macroscopie scale.
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The monotony of the homogeneous gneisses is rarely interrupted by
darker lenses and bands comparatively rich in mafic minerals so that
nebulitic gneisses appear. At three localities dark bands were observed
to be discordant to the quartz foliation of the homogeneous gneisses and
in one case 'en bayonet' characters and apophyses were noted (53086)1).
These bands are clearly the remnants of metadykes. The dykes are in
places almost obliterated and are locally completely absorbed within the
gneisses. They clearly predate the metadyke generations described on
p.180.

A common feature of the homogeneous and nebulitic gneisses in the
area of the southern part of Grænsesø is the occurrence of small patches of
quartzo-feldspathic rocks with a micrographic texture. This phenomenon
is also encountered near recrystallized movement zones, similar to the
plasto-mylonites described by BERTHELSEN (1950, p. 561; 1960 b, p.186).

Along the east coast of Bæversø a belt of folded chloritized amphi­
bolite can be followed for some hundreds of metres. The rocks seem to be
extremely basic, locally with actinolite and talc and magnetite concen­
trated in bands. The strongly altered amphibolite is schistose and the
schistosity is folded.

Pegmatites and veins are very infrequent. A few thin aplitic veins
occur in the southern part of the area, and appear to become more com­
mon towards the south.

A few quartz veins, up to 1 m wide, occur in a NNW-striking joint
system, and close to the border of the Grænseland supracrustals two small
quartz-tourmaline-muscovite pegmatites have been observed. A vein de­
velopment, connected to fissures, consisting almost exclusively of tour­
maline (20876) and accompanied by strong bleaching of the country rock
has also been found close to the border of the supracrustals. Quartz veins
with a peculiar breccia structure have been found three kilometres west
of the border (20916). These veins and pegmatites are believed to be re­
lated to the Ketilidian (see p. 20 and p. 32).

The gneisses south-west of Grænsesø and west of Vallen are still
generally homogeneous, but are somewhat richer in veins and locally in
dark minerals. Streaky gneiss types gradually become prevalent, espe­
ciaIly in the western part of the area. Locally banded gneisses occur and
these may contain inclusions of talc-chlorite-calcite rocks (20863) arranged
concordantly to the gneiss structures.

The thin sections of a series of homogeneous gneisses and nebulitic gneisses
(53009,53010,53013,20869,52976,52965) all show the same general relations although
the quantitative mineral composition varies.

Thus specimen 52965 is a quartz-dioritic gneiss, specimen 53010 is of granitic
composition with microc1ine as the dominant feldspar, whilst most of the remainder

1) The numbering is GGU sample numbers.

2*
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of the samples are classitied as of granodioritic composition. The proportion of quartz
varies from 15% (53010) to 40% (52976). Quartz occurs generally in large composite
grains with undulatory extinction, often arranged in elongated groups corresponding
to the mesoscopic rock texture. Plagioclase is generally the most common mineral,
sometimes well preserved with good twinning (An28 to An.s), but most often strongly
saussuritized and sericitized and the composition is difticult to determine. In one
sample of granitic composition (53010) plagioclase of An, to An!2 was observed. The
large primary plagioclase grains are usually recrystaIlized along their borders and
along cleavage and twin-planes to small droplets of untwinned feldspar of low refrac­
tive index, possibly albite. Microcline occurs in large primaryas well as smaller inter­
stitial grains. Patch perthites are common.

Of the minor constituents muscovite is the most common, occuring in large and
smaller flakes, and may make up as much as 15% of the rock. It also occurs as a secon­
dary alteration produet after biotite. Biotite is usually found as relic crystals strongly
altered to muscovite and chlorite. Chlorite occurs as feebly pleochroic flakes with
anomalous interference colours. Large grains of carbonate are common. Opaque ore
minerals occasionally occur in irregular grains and a reddish pigmentation, possibly
secondary after ore minerals, is widespread.

Apatite, tourmaline, pyrite and sphene occur in accessory amounts. Rounded
and prismatie zircons occur enclosed in biotite and quartz crystals.

A thin section of a dark grey discordant band (metadyke) (53086) showed a
heterogranoblastic texture with strongly altered plagioclase, quartz, muscovite,
chlorite (yellowish to grass-green pleochroism and blue anomalous interference co­
lours), a carbonate mineral and biotite with feeble brownish pleochroism. The textures
of the chlorite suggest that it is secondary, possibly after hornblende.

A thin section (20873) of a talc-chlorite-carbonate lens from the area south-west
of Grænsesø also revealed tremolite (c II z approximately 10°) and altered and unaltered
plagioclase with inclusions of quartz and ore. The lenses are transected by pegmatite
and quartz veins.

Sample No. 20876 of a vein of almost exclusively tourmaline also showed very
minor amounts of quartz, plagioclase (albite) and muscovite. The veins are accom­
panied by a bleaching of the country rock, but the thin section of this rock did not
show any difference from the surrounding rock apart from stronger alterations of the
maties. Tourmaline is also associated with a quartz vein with a breccia-like structure.
The grain shape and the texture of this rock (20916) suggest a sedimentary origin for
some of the quartz grains and it is thought that this may be related to Ketilidian sedi­
mentation.

2) The area west of Zigzagland

The gneisses in the area west of Zigzagland exhibit a regular repe­
tition, in broad zones, of several oriented rock types. The general strike is
between 1600 and 1800 with only minor variations, and the dip is generally
steep to vertical.

Homogeneous gneisses occur close to the border of the Ketilidian
supracrustals. South-westwards the gneisses gradually become streaky
and eventually banded. An approximately 100 m wide zone of banded
gneisses is succeeded by banded amphibolites which grade into more
massive amphibolite. The banded zones ean be strongly folded (fig. 4).
To the south-west of the massive amphibolite a similar zoning is apparent
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Fig. 4. Small-scale folds in banded biotite gneiss. Some of the bands exbibit a grading
and an internal fine-scale banding, which suggests that the.)' may be of sedimentary
origin. The strong plastic deformation has the characLer of drag folding. From Lhe

banded zones south-west of Vallen. (O. LARSEN phot.)

as the amphibolitic rock gives way to banded gneisses, streaky gneisses
and then to a broad zone of homogeneous gneisscs ar' vcr'y homogencous
streaky nebulites. In the extreme western part of the area a similar repe­
tition of a very broad zone of amphiboIites and bandcd rocks occurs.
TIlUS two zones of banded rocks ean be followed towards the north with a
gradual disappearance of their banded nature, and towards the south in­
creasing in width. Thewestemmost belt occupics mo t of the area from
south-west of Lappesø to Arsuk Fjord.

Thc zones of homogeneous gneisses in the area west of Zigzagland are
very similar in nature to the rocks of the northern Grænseland area de­
scribed above. A few melanocratic and isolated inclusions occur. In an
area dose to the south-west hore of Iake Vallen dark interconnccted and
anguIar patches up to 50 cm wide occur in the homogeneous gneisses.
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The patches seem to be arranged in a few metres wide lenticular zone sub­
parallel to the general strike of the banded rocks found farther to the
south-west. These trains of dark patches are not agmatites but resemble
more a breccia of the light homogeneous gneiss in a dark matrix.

The samples 53023, 53024 and 53035 are light homogeneous gneisses without
any visible orientation. The thin seetions show a heterogranoblastie texture dominated
by quartz and altered, serieitized plagioclase (Anaa). A few small grains of albitie
plagioclase have been seen. Chlorite, museovite, epidote and earbonate minerals are
common. The ehlorite appears to be mainly seeondary after biotite. Very little micro­
eline is apparent. The composition is thus quartz-dioritie, apart from sample 53023
whieh is granodioritie. Rounded small zireons enclosed in quartz are quite common in
sample 53023, whieh also eontains tourmaline. Apatite and ore are aeeessories.

The streakly gneisses are mieroseopieally very simiIar to the homogeneous
gneisses, apart from a larger eontent of maties, eontaining biotite altered to ehlorite
and epidote-ehlorite patehes apparently seeondary after amphiboles.

The banded gneisses, whieh grade into amphibolites, show an inerease in matie
minerals relative to the streaky gneisses and the nebuIites. The light quartzo-feld­
spathie bands (20848) eontain quartz (dominating), serieitized and saussuritized
plagiocIase (Ana.), alittle biotite, altered amphibole (yellowish to greenish pleo­
ehroism), epidote and apatite. The dark bands (20849) have quartz and plagioclase in
proportions 2 to 1, ehloritized biotite, amphiboles (hornblende with strong green
pleoehroism) and ore; however, the maties may make up to 30% of the bulk.

The banded amphibolites (20842, 20843, 20844, 20845 and 20846) eontain
10-20% quartz, 30% of altered plagiocIase (Anao), a reerystaIIized unaltered albitie
plagioclase, and approximately 50% of maties. The maties are mainly amphiboles
(hornblende and aetinolite), ehlorite, biotite, earbonate, sphene, ore, a few rounded
zireons and apatite. The central part of the banded amphibolite zone is strongly
sheared, and eharaeterized by the oeeurenee of ehlorite and earbonate minerals, as
well as tiIIings with a yellow earbonate rock (see p. 35). The shear zone, possiblyan
old rejuvenated fault line, is clearly visible on aerial photographs (fig. 2) (see p. 24).

The banded and streaky gneisses and homogeneous gneisses, whieh divide the
two banded zones, show mieroseopieally better preserved minerals, although some
alteration is apparent. Sample 53076 is a quartz- and mierocline-rich gneiss from the
intermediate zone. The plagioclases have sutured margins and pateh perthite is pro­
minent. Large idiomorphie epidote-allanite grains, biotite strongly altered to ehlorite,
museovite and earbonates, are the remaining sparsely represented minerals. A banded
gneiss (53175) also showing heterogranoblastie texture, eontains quartz, altered pla­
gioclase, biotite of yellow-brown pleoehroism, museovite, paIe green pleoehroie chlo­
rite, epidote-allanite, sphene and apatite. Small rounded zireons in biotite with
pleoehroie haloes have been observed. Some of the maties appear to be seeondary arter
amphiboles.

Samples from the amphiboIites (53169, 53170, 53171, 53173) all show a similar
mineral eontent of varying proportions. Altered plagioclase, whieh in one case has
been determined to be of a composition of Ana?, is locally reerystaIIized to small grains
of low refraetive index, whieh are possibly albite. Hornblende, pleoehroie from yellow
to paIe green, green and in some cases brown, dominates. It may be altered to non­
pleoehroie amphibole, biotite, ehlorite and epidote. Primary biotite is well preserved.
Quartz, ealeite, sphene, ore, apatite and museovite are minor eonstituents. The texture
of the rocks is dominated by the amphiboles and in sample 53171 it ean be described
as lepidoblastie.
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Locally a feldspathic augen texture is developed in these amphibolites and the
coarser textured rocks may bear a superficial resemblance to the gabbro-anorthosites
(BERTHELSEN, 1960 a; AYRTON, 1963, p. 21) which are found elsewhere in the Ivigtut
region. The specimen 53173 is, however, too much altered to permit any petrographi­
cal comparisons with the gabbro-anorthosites. The plagioclases are strongly altered to
minerals of the epidote group which suggest that the plagioclases had a high anorthite
content. Quartz, hornblende, biotite, chlorite and sphene are also present.

3) The southern are a

In the area north of Lappesø basic inc1usions, arranged in rows and
related to gneisses and schists of a banded "metasedimentary" appearance,
occur within the more or less homogeneous quartzo-feldspathic gneisses.
The lenses are strongly deformed. Samples from the lenses (20838, 20839
and 20840) are composed of chlorite, carbonate, some biotite and a littIe
quartz. The specimen 20838 also contains talc. The almost uItramafic
inclusions consist of a fine asbestos mass of tremolite and chlorite with
accessory amounts of quartz and feldspar (20847).

West of Lappesø the rocks from the western part of the area west
of Zigzagland can be traced into the area of the Arsuk glacier. The zone
of banded gneisses and amphibolites is here comparatively wider and mas­
sive amphibolite bands are more prominent. The amphibolites are ore­
bearing and carry bands and streaks of solid magnetite. The rock suc­
cession of "metasedimentary" appearance is also more conspicuous and
the inclusions of uItrabasics are larger and more frequent. The ultramafic
bodies vary from hornblendites to pure tremolite rocks and soapstones.
The soapstones consist more or less entirely of talc (26328) with only
very little ore. A regular porphyroblastic growth of a carbonate mineral
is common in these soapstones.

Although the banded amphibolites are dominant, banded biotite
gneisses and streaky gneiss types are fairly common. The proportion of
homogeneous gneisses and nebulites is reduced to a narrow band along
the west coast of Lappesø. The general steep orientation of the rocks from
further north still prevails, but more and more varied orientations are
encountered and parts of larger fold structures can be mapped. West of
the banded succession less banded and foliated gneisses occur.

The structures

The general structure of the basement gneisses is shown on the geo­
logical map of plate 11.

In the northern part of the area only vague linear structures are
apparent and these do not appear to be related to any macroscopic fold
structures. A general directional pattern first becomes established near
Bæversø.
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Towards the south planar structures become more common and reach
their greatest development in the two well foliated banded groups with
a zonal arrangement of less well foliated rocks on either side. These bands
ean be traced throughout the area to the Arsuk glacier or to where they
disappear beneath the Ketilidian supracrustals. The fold structures in the
bands are on too small a scale to be shown on the map. In the southern
part of the area the steep orientation locally varies and outlines parts of
large possibly isoclinal structures, and also monoclines.

West of Grænseland WIEDMANN (1964) and BONNARD (1963) have
mapped large open anticlines and steep tight synelines in gneisses which
form the direct continuation of the rocks here described. In the area near
Bikuben WEIDMANN has mapped a thrust zone where the homogeneous
gneisses of the northern part of the area are thrusted over banded migma­
tites and agmatites. This thrust zone is not found in Grænseland, but it
is possibIe that it grades into a steep narrow shear zone which outcrops in
the eastern amphibolite group west of Zigzagland, a proposal put forward
by BERTHELSEN (1962, p. 7). The thrust movements have been dated by
WEIDMANN (1964, p. 120) as later than the migmatization of the gneisses
and prior to the emplacement of metadykes, and the same chronology
appears to hold for the steep fauIt in Grænseland.

Small-scale structures of the type illustrated in fig. 4 and 5 are com­
mon in the banded zones. Many of the folds are isolated relic structures
with larger pegmatite veins or new banded structures imposed upon their
flanks. Zones of strong drag folding are also common (fig. 4).

A lineation in the amphibolites is generally sub-horizontal and is
parallel to the axes of mesoscopic isoclinal folds (fig. 5). The axes plunge
generally to the south, and the angle of plunge never exceeds 25°. The
mesoscopic isoelines have been observed to be deformed by a folding
about steeply plunging axes which produced double fold interference
patterns and also deformed the amphibolite lineations. Both sets of folds
are of regional distribution and have apparently been formed in a highly
mobile stage accompanied by the development of migmatitic veins; they
are therefore considered to be associated with the plutonic development
of the basement gneisses.

The small-scale structures do not give any definite clue to the position
and existence of large-scale regional structures. However, it is possibIe
that the structures in the gneiss area mapped may represent open anti­
elines and tight synclines similar to those found further west and north­
west in the Stabelland area (WEIDMANN, 1964, p. 110-113). The homo­
geneous gneisses may occupy anticlinal fold scores and correspond to the
strongest degree of granitization. The banded and basic rocks might, as
locally indicated by drag fold orientation, occupy compressed synclinal
structures, as has also been suggested by AYRTON (1963, p. 56) and WEID-
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Fig. 5. Mesoscopic fold in bandcd amphibolite related to the first phase of folding
in tho basemont gneisses. A large pegmatile bounds lhe fold on lhc right of the
pholograph. The irregular fraeluring of lhe amphiboJile is thollght to bo parlly the
reaclion of tho basomcnt to the first phase of the Kelilidian deror'malion (see p.116).

Localily in the eastorn amphiboIite zone in Zigzagland.

MA N (1964, p. 113). Howevcr', it .is also possibie that the homogeneous
cores of the culminating strUCLures could represent structures of a still
older cycle, since from a petrographic point of view these rocks have been
through a much more complex development than the orientcd and more
basic rocks. The areas of the homogeneous gneisse also represent the
lowest structurallevel as the axial plunge of Lhe main structures in the
area i towards the south (BEHTHJ<:LSEN, 1960, fig. 1), and to the north
in the Stabelland area the plunae is to thc norLh-wesL (WEIDMA N, 1964,
fig. 51, plate 6).

FaulLs older than the sub-Ketilidian ur'face Lransect the gneiss
structures. One fault parallel to the souLh-'.'lest coast of Vallen '.'lith a trend
of 1500 ean be traeed to the border of the I etilid ian bu Ldoes not displace
tbe sediments. This fault i parallel to the sbeal' zone aIready mentioned
in the eastern amphibolite band, and also to faults in the outhern part
af the area '.'lhieh predate metadykes. There is also a triking parallelism
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to the major Bæversø fault (plate 12) which although displacing the Ke­
tilidian sediments and Gardar dykes mayaIso have moved during sedi­
mentation, and may have originated at an earlier date (see p. 133).

A joint pattern ean be shown to have existed in the gneisses prior to
Ketilidian sedimentation (see p. 34).

Petrogenetic considerations and metamorphism

It seems probable that some of the material which makes up the
basement rocks was originally sedimentary. The existence of rounded zir­
cons in the nebulitic division as well as in the banded rocks supports this
suggestion, as does the occurrence of graded banded structures, and gneis­
ses and schists of a "metasedimentary" appearance. The amphibolitic
rocks may have originally been basic volcanics or calcareous sediments.
Granitized relics of basic dykes have been noted.

The lenses of ultrabasic rocks could originally have been serpen­
tinites. A detailed study by WEIDMANN (1964) in the area west of Grænse­
land has shown that serpentinites were intruded prior as well as sub­
sequent to the main episode of migmatitization and deformation. The
ultramafic rocks may represent the transformed relics of original sub­
concordant sills.

The plutonic activity which occured during the main deformation of
the basement gneisses resulted in a concentration of quartzo-feldspatic
material and the formation of the migmatites. Sub-concordant pegmatite
veins were developed during a late phase of this activity.

The varied composition of the homogeneous gneisses suggests that
they were of varied composition prior to homogenization. The homo­
genization (granitization) occurred both prior and subsequent to the in­
trusion of dykes in an intervening period of consolidation. Secondary
microcline and perthites are the traces of a late episode of plutonic activity
which could be termed granitization.

The platy quartz structures were developed before the late graniti­
zation and earlier than the dyke intrusion.

The pressurejtemperature conditions under which the gneisses were
metamorphosed correspond to amphibolite facies, to judge from the com­
position of the plagioclase and hornblende. Later these minerals became
unstable during a retrogressive phase of metamorphism. The new equi­
librium conditions in the northern part of the area correspond to low
greenschist facies, and in the southern part of the area, where chlorite and
biotite were stable, to high greenschist facies. The metamorphic conditions
of the rocks correspond to the facies relations found in the supracrustals
(see fig. 66), and it is therefore possibIe that this diaphthoresis took place
in the Ketilidian period. However, it cannot be excluded that retro-
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gressive metamorphism occured both in pre-Ketilidian and in Ketili­
dian time.

The metamorphism related to Ketilidian deformation will be dis­
cussed in alater section (p. 171).

The development of the basement rocks

The development of the basement rocks of the Grænseland area cannot
be regarded in isolation, but must be considered in relation to the develop­
ment of the large gneiss-migmatite complex of the central Ivigtut region.
The general development of this region has been outlined on page 13.

It has aIready been mentioned that the nebulitic gneisses of the
northern part of the area grade into the banded gneisses of the two zones
of Zigzagland farther to the south (plate 11). These banded rocks also
seem to grade continuosly into the gneisses and migmatites farther west.
With respect to the northern part of the area there is also the possibility
that the homogeneous gneisses containing the banded zones may be a
thrust wedge as they are bounded to the west by an eastward-dipping
thrust (WEIDMANN, 1964) .The thrust overrides migmatites which were
derived from Tårtoq Group supracrustals.

The Tårtoq Group supracrustals have migmatitic border relations to
the adjacent rocks (WIEDMANN, 1964; AYRTON, 1963; WINDLEY et al.,
1966). It also seems probable that there is a general structural conformity
between migmatites below the Tårtoq Group supracrustals and the mig­
matites and gneisses in the central Ivigtut area (BERTHELSEN, 1960 a,
fig. 1), although some contrasting and disharmonic structures are known,
especiaIly in the northern and north-western part of the area. It would
therefore be tempting to regard the whole Ivigtut gneiss-migmatite com­
plex as of an age similar to that of the Tårtoq Group and to have devel­
oped during three phases of deformation and migmatitization (BER­
THELSEN, 1960; HIGGINS and BONDESEN, 1966). This would be more or
less in accordance with previous views except that these phases would be
events of the pre-Ketilidian and not the Ketilidian as originally described
by several authors (AYRTON, 1963; WEIDMANN, 1964; BERTHELSEN, 1960
and 1961; BONDESEN, 1964).

However, some doubts remain, and there is a possibility that the
migmatites formed from the Tårtoq Group have a limited extension and
that a still older basement exist in the Ivigtut region (HIGGINS and BON­
DESEN, 1966). The main doubts concern the significance of the existence
of a period of consolidation after the main migmatitic phase of the central
Ivigtut gneisses and before the folding and migmatization of the Tårtoq
Group supracrustals a period during which ultrabasics (dunites and ser­
pentinites) were emplaced (BONDESEN, 1964, p. 31).
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Table 1.

Alternative A Alternative B

depositionKetilidian deposition

--------------sub-Ketilidian surfaee--------

faulting (NNW)
folding and migmatization
(granitization)

consolidation and intrusion
of ultrabasics

faulting (NNW)
folding and migmatization
(granitization)

deposition - ultrabasics related
to initial volcanism - Tårtoq
supracrustals.

pre­
Ketilidian

folding and migmatization
(granitization) - consolidation - erosion---

deposition
(Tårtoq Group supracrustals)

(older cycle?)

folding and migmatization
(granitization)

deposition (? emplacement of
gabbro-anorthosites ?)

(older cycle?)

Also the structural complications in the northern and north-western
part of the Ivigtut area (BERTHELsEN, 1960, fig. 2), where the lithological
units of the central Ivigtut gneisses (including the gabbro-anorthosite
carrying gneisses) converge to the trend of the Tårtoq Group supracrustal
and their conformable migmatites, may be considered in respect to the
existence af an old pre-Tårtoq Group basement. To this may be added the
evidence from the nebulites of Grænseland, which were granitized twice,
and the occurrence of ghostly metadykes which most likely have been
emplaced in solid rocks.

As limited information is available from the basement rocks of
Grænseland, and the chronological relations af the gneisses in the central
Ivigtut region, to which the Grænseland rocks seem to be closest related,
are uncertain, it is preferred to refer the basement rock af the area as a
whole to the pre-Ketilidian. In this pre-Ketilidian epoch a development
such as either af those listed in table 1 A and B, could be considered.



THE KETILIDIAN

Definition and subdivision

The Ketilidian period was defined by WEGMANN (1938, p. 13) as the
period of the Precambrian orogenic cycle which involved the sedimen­
tation of the Sermilik group, the extrusion of the Arsuk group volcanics,
and the folding, granitization and migmatization of this and also older
pre-Ketilidian material. The Sermilik group was established at Sermilik
fjord 250 km south-west of Grænseland and the Arsuk group on Arsuk ø
which is situated 45 km west of Grænseland.

In this paper the Ketilidian is regarded as a period of deposition,
folding and metamorphism. It extends from the time of deposition of the
first local pockets of sediment on the old sub-Ketilidian surface, to the
formation of the next important erosion surface known in south Green­
land - the sub-Gardar peneplain. It thus includes all the events comprising
Wegmann's Ketilidian cycle. However, it is used in a wider sense than the
term Ketilidian as employed by BERTHELSEN (1961) and WATTERSON
(1965) who recognized two periods, the Kuanitic and the Sanerl,ltian, be­
tween the close of the Ketilidian and the beginning of the Gardar. The
term Ketilidian is used in the same sense as used by ALLAART (1967, p. 8),
who abandons the terms Kuanitic and Sanerutian and includes these
periods in the Ketilidian.

In the definition stated above the author follows the general practice
of using major unconformities as the main time markers which must also
be the basis of division of the Precambrian, rather than plutonic episodes
(SmoRENKo, 1963; SUTTON, 1965).

In the light of the more complete and better known Ketilidian suc­
cession found in Grænseland this area has been chosen as the type area
(BERTHELSEN, 1965, p. 120) and two major lithostratigraphic units have
been established :

1) The Vallen Group - named after the lake Vallen, and composed
of the sedimentary succession from the basal unconformity to the
first appearance of volcanics.

2) The Sortis Group - named after the glacier tongue Sortisen (the
black ice) and composed principally of volcanics and sediments.
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The top is unknown in Grænseland, but may be taken as the base
Qipisarqo Group (BERTHELSEN, 1965).

In the Kobbermine bugt region (fig. 1) a thick supracrustal succes­
sion occurs structurally higher than the Vallen Group and the Sortis
Group. These supracrustals are divided into the Qipisarqo Group (BER­
THELSEN, 1965), composed mainly of sediments, and the Ilordleq Group
(ALLAART et aL, in press), composed of sediments and volcanics, and
are regarded as stratigraphical units higher than the Sortis Group (see
also p. 136).

The Vallen Group and the Sortis Group, which here are preferred as
formal units, correspond roughly to the Sermilik group and the Arsuk
group of WEGMANN. The further stratigraphic subdivision of the new
major units is given in the section on the stratigraphy of the Keti­
lidian (p. 35).

As an introduction to this section a chapter dealing with the pheno­
mena associated with the sub-Ketilidian sedimentary surface is presented.

The sub-Ketilidian surfaee

The sub-Ketilidian surface has been observed at intervals all along
the sedimentary border. It can be studied in the northern part of the area
north of Grænsesø and on two small peninsulas in the middle of Grænsesø.
It is also exposed in the area between Grænsesø and Vallen, and from
Vallen to a point approximately 2 km south of Lappesø.

In the Grænsesø region the sub-Ketilidian surface dips towards the
east at angles between 10° and 20°, with locally steeper dips near the fault
north of Grænsesø. For most of the exposed distance between Grænsesø
and Lappesø the eastward-inclined surface dips at about 20° to 30°. South
of Lappesø the angle of inclination increases to about 45°. Over the dis­
tance exposed only a narrow sector of the sub-Ketilidian surface can be
reconstructed (fig. 6).

On a large scale the plane shows a varying degree of curvature, of
which the major bulge near southern Grænsesø coincides with strati­
graphical thinning and seems to be of significance with respect to the de­
velopment of sedimentary basins (see p.131). A minor mappable unevenness
of the plane corresponds c10sely to the plunge of the axes of the Ketilidian
second phase folds. Generally, the plane of the sub-Ketilidian surface
seems to be more steeply inc1ined in the southern part of the area and this
is also evident in the general attitude of the bedding planes of the lowest
Ketilidian sediments. Correcting for the varied inclinations it would
appear that the surface was generally even on a large scale, and may have
been part of a peneplain.
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On a mesoscopic scale the deLailed topogl'aphy of the sub-Ketilidian
surfaee shows many minor irregulariLies, but Lhese generally have rounded
outlines and never rise more than a few metres above the general level of
the slll'face.

Skm
L--'---'-_"---,---"

Fig. 6. truetural conlours of lhe ub-Kelilidian surfaee correcled for displacemenl
along minor faulL. olid lines are drawn from conlouI' inlerseclions. Dashed lines

have been conslrucled from lhe dip of bedding.

The appearance of the sub-Ketilidian surfaee is very variable de­
pending upon tbe nature of the deposits, which immediately overlie it, and
the paleogeographical development during early Ketilidian deposiLion.

Jn the area south of tbe Sioralik glacier quartzites were deposited di­
rectly on top 01' the gnei ses. In a narrow zone 10-30 cm thick the gneisses
al'e allered to a al'ey-black rock of fine-grained material (sericite and
chloritc) with quartz preserved and reOecting the original texture of the
homogencous gneiss. Along the west side of Grænsesø scaUered patches
01' a similar grey altered gneiss al'e seen, althollgh no overlying sediments
are apparent here. The whole eastern slope 01' the homogeneous gneisses
west of Grænsesø possibly more ar le s corresponds to the sub-Ketilidian
plain. Further evidcnce pointing towards the close proximity of the sub-
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Fig. 7. Casts of boulders and boulders of cherty quartzite res ting in coarsc uncarbona­
tized arkose of the Lowcr Zigzagland Formation immcdiatcly south-wcst of Grænsesø.
The boulders possibly reprcsent the lower part of thc Ore-Conglomerate Member of
the Upper Zigzagland Formation. The arkose has an exfoliation mantle bearing strong

recen t glacial sLr·iaLions.

KetiJidian surfaee in the gneisses west of Grænsesø is seen in the oecur­
renee of a quartz vein eontaining tourmaline and quartz grains of prabable
seclimentary origin, an the summit 1094 m west af the southern part af
Grænsesø (20916, p.19). It is suggested that the vein may ariginaIly have
been an open fissure on the sub-Ketilidian plain whieh was filled in by se­
dimentary af material ealour.

Between Grænsesø and Vallen the gneisses are averlain by the eonglo­
mcratie member at the base af the Upper Zigzagland Formation (the law­
est formation of the Vallen Group). Here small basins with preserved
arkose deposits and rounded gneiss boulders are oecasionally seen between
the transgressive eonglomerate and the gneiss basement (fig. 7). Beneath
the eonglomerate the gneiss surfaee is blaek in eolour and below the arkose
deposits of a rusty red eolour.
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Fig. 8. Drawing to show the relations in the carbonatized zone in Zigzagland. The
drawing shows a profite through the lowest Ketilidian deposits of dolomite (black),
conglomerates and arkose, The white lensoid bodies I'epresent ehert. The strueture of
tlle carbonatizcd goeisses below the sub- Ketilidian surfaee is indicated by dolomite
veins filling joint fissures but also in the upper part cutting through the joint bIoeks.
Breceia slruelul'es are relaled to open fissure syslems. The coneenlric "anion" strue­
lure af lhe joint blocks is indicaled, The verlieal seelion represenls approxirnately

15 rn. The joint blocks are thus not drawn 00 seale.

Tlle altered gneiss area extends from tlle gneiss surfaee to a depth of
1-10 m. In thin seetion (52108 and 52976) the gneiss shows strongly Ol'

completely altel'ed feldspars, with chlorite and non-pleochroic micas
(muscovite Ol' sel'icite) as alteration produets, and with quartz, earbonate
and some disseminated seeondary ore grains. The gneissie texture of the
l'ock is however' still pre er'ved (plate 2a).

Along the west shore and to the south of Vallen the Lower ligzaglal1d
For'mation always eomprises ealeareous roeks in its lowest part. Below
Lhese sediments tlle gneisses aee strongly alteI'ed with cal'bonate minerals
(carhonatized) as are ]oea] deposits of polymictic cong]omerates which
r'est direct]y on the suh-Keti]idian sudacc. The intensity of the alteration
(earbonatization) decreases downwards ioLo the gneisses, and also de­
ereases towards tIle northern part of the Vallen region where the sedimen­
tary cal'bonate member is thinner and eventually disappears,

A schematic representation af the relations in the carbanatized zane
af the gneisses below the sub-Ketilidian surface in ligzagland is given in
flg. 8. In the upper part a network of carbonate veins penetrates the car­
bonatized gneisses and the conglomerate. The network of veins resembles

185 3
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Fig. 9. The photograph show' lhe slruclure of the carbonatized gneisses below the
sub-Ketilidian surfaee in Zigzagland. UnalIected remnanls of gneiss are set in a net­
work of carbonalized gneiss, which at a higher level possesses parallel planar orienta­
tion possibly due to compression. In the background oceur eompletely carbonatized
gneisses with lenses and veins of pure dolomi le. The di integration of the gneiss
has pI'efel'ably followed pre-existing joints lcaving ball-shaped bodies of gneiss in-

laet. The sub- Ketilidian surfaee is at the top of the exposuI'e in the baekground.

thc structure of an original joint pattern. The laraest and dominant veins
occur sub-parallel to the sedimentation 'urface and resemble arelease
sheeting pattern.

The gneis e appear to have been completely carbonatized in a 3-10 m
thick zone. Of the original mineral only quartz remains in its original
textural posiLion al Lhough rarely feldspars Ol' trace of feldspar tructures
have been encountered, and locally large muscovitc grains secondary after
biotite are found. The gneiss tructure as well a pegmatite structure are
pre erved in the carbonatized rock. Where mafic rocks, pro umably
amphibolites, have been carbonatized chlorite, pyrite and magnetite
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have developed. The dominant carbonate mineral in all rock types
is dolomite.

Below the completely carbonatized zone a 10-20 m thick zone of
ellipsoidal gneiss blocks occurs (fig. 8 and fig. 9). There is a transition
from the zone above. The original joint pattern is frequently apparent,
from which the carbonatization decreases inwards leaving rounded crum­
bling rusty gneiss blocks with an onion-lih structure.

Still deeper in the gneiss the partially carbonatized zone is replaced
by a carbonate vein system restricted to joint fissures, which fades out
downwards into barren rusty joints coated with rust and chlorite. The
gneisses here do not show any appreciable alteration.

Locally the carbonate veins are found in the gneisses some distance
west of the sedimentary border. It is estimated that they extend up to
100 m below the plane of the original sedimentary surface. They are also
found in the fault zone connected to the eastern amphibolite band
(see p. 22).

Elongated breccia structures occur near the sedimentary surfaee
(fig. 8) and are apparently related to the carbonatized zone. The breccias
consist of angular gneiss fragments, carbonatized to a varying degree, in
a matrix of carbonate minerals and quartz. These features are widest at
the top and grade downwards into closely spaced joint systems or fissure
zones. They seem to be open fracture zones filled by a debris of gneissose
rocks.

Characteristic of the carbonatized zone are beds or flat lenticular
bodies (app. 0.5 m thick) of dense cherty quartzite, often of a yellowish
rusty colour. In thin section the chert consists almost exclusively of
eugranoblastic quartz of 0.01 mm grain size. The grains exhibit curved
amoeboid to sutured mutual boundaries. Muscovite, ore and apatite occur
in accessory amounts.

The chert bodies occur at several leveIs, both in the carbonatized
gneisses and in the overlying calcareous sediments, and they transgress
from one level to another.

Euhedral magnetite and pyrite crystals are commonly developed in
the carbonatized zone.

The stratigraphy of the Ketilidian

The stratigraphy of the Ketilidian rocks can only be established on
lithostratigraphical grounds. Although organic remnants are present and
in one instance even of stratigraphic significance (BONDESEN et al., 1967),
and good chronological markers such as pyroclastics are also found, the
information is toa scattered to permit either biostratigraphical or chrono­
stratigraphical divisions to be made.

3*
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Fig. 10. Dislr'ibulion of tlle straligr'aphic units in Grænseland. The location of the
profiles 1-13, show n in fig. 11, is indicatcd.

IL is considered, however, that Jithostratigl'aphical methods combined
with paleogeogr'aphical studies would form a possibIe basis for correlation
of the Ketilidian rocks in south-west Greenland, at least on the formation
level.

To date the only locations wher'e the base of the T etilidian succession
is exposed are in the Gr'ænseland al'ea and the neighbouring area to thc
north, the Midternæs area. It is al o in these areas that the most complete
successions are preserved. It is therel'ore proposed to establish a type sec­
tion in Grænseland which can serve as a basis for comparisons and corre-
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lations with other areas. Hence a major part of this paper is in the form
of a detailed lithostratigraphical description of the Ketilidian supra­
crustals.

A brief outline of the principal subdivisions of the Ketilidian follows.
The map of fig. 10 shows the distribution of the different stratigraphic
units and the general stratigraphy is given in fig. 11. The stratigraphical
terminology employed is in accordance with the American Commision on
Stratigraphic Nomenclature (1961). This brief outline is followed by more
detailed descriptions which include sedimentological and petrographic
data.

Although the rocks have been metamorphosed it is preferred to use
exclusively sedimentary terminology as primary structures dominate
while metamorphic features are usually only seen on microscopic scale.
Terms such as mica schists, phyllites and even the prefix "meta-" have
therefore been avoided, although the use of these terms would have been
justified in certain minor areas.

The Vallen Group
The Vallen Group is divided onto three formations which by their

contrasting sedimentological and petrological development portray the
evolution of the sedimentary basins both laterally and vertically:

3) Grænsesø Formation
2) Blåis Formation
1) Zigzagland Formation

The lowest formation - the Zigzagland Formation - named after the
area between Vallen and Lappesø where it is most typically developed
outcrops between the Sioralik glacier in the north and Foselv in the south.
It possibly also occurs south of Foselv (PEDERSEN, 1968). It rests directly
on top of the sub-Ketilidian surface. The formation is divided into a lower
and upper division.

The Lower Zigzagland Formation is characterized by the folIowing
members:

D. The RustY Dolomite Member
C. The Varred Shale Member
B. The Lower Dolomite Member
A. Residual deposits on the sub-Ketilidian surfaee

These stratigraphic units are best developed in a basin to the south
of Grænsesø and the RustY Dolomite Member only in the southern part
of this basin. The thicknesses vary from place to place. North of Vallen
the Lower Zigzagland Formation is absent, or represented only by limited
local arkose basins as in the area between Vallen and Grænsesø.
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The Upper Zigzagland Formation is characterized by coarser clastic
sediments and a transgressive character relative to the Lower Zigzagland
Formation; it is composed of the folIowing members:

C. Dolomite Shale Member
B. Banded Quartzite Member
A. Ore-Conglomerate Member

The Blåis Formation (named after the glacier tongue Blåisen) follows
concordantly on top of the Zigzagland Formation and is characterized by
pelites, banded and mixed semipelites, and thick graded greywackes. The
sedimentary facies varies from area to area and subdivisions are therefore
made on a regional basis. In the northern part of the area pelites form the
lower part of the formation, whereas graded greywackes with interstrati­
fied calcareous bands are found in the southern part of the area. These
greywackes were provisionally regarded as a separate formation - the
Lappesø Formation (BONDESEN, 1962; BERTHELSEN, 1965) - but in this
paper this rock suite is included in the Blåis Formation as it is considered
as most probably a facies development.

At the base of the main structural division, the pillow lava thrust
sheet, there occurs a comparatively thin series of highly varied sediments
which comprise the Grænsesø Formation (named after the lake Grænsesø).
The sediments (limestones, dolomites, shales, pyritic shales and cherts ­
all carbonaceous) are intruded by a large sill, a persistent feature throug­
out the area. In the northern part of the area this sill forms the upper bor­
der of the formation, but in the southern part of the area pyritic shales are
found above the sill.

The base of the pillow lavas is taken as the base af the Sortis Group.

The Sortis Group

The Sortis Group is divided into two formations:

2) Rendesten Formation
1) FoselI! Formation

The border between these two formations is tectonic and corresponds
to the thrust border between two main structural divisions: the pillow
lava thrust sheet and the eastern thrust complex.

The lower formation, the FoselI! Formation (named after the river
Foselv in the southern part of the area) can be devided inta the Lower
Pillow Member and the Upper Pillow Member separated by an Anthracite­
Carbonaceous Shale Member. Other minor occurrences of sediments may

•
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occur. The Foselv Formation is everywhere intruded by small and large
basic sills. Pyroclastics occur in a few places.

The upper formation of the Sortis Group, the Rendesten Formation, is
characterized by pyroclastic deposits and a varied sedimentary succession
of pelites, semipelites and psammites. Calcareous rocks occur at the base.
This formation is also intruded by numerous sills of basic composition.
The top of the Rendesten Formation is unexposed in Grænseland, but is
defined as the base of the Qernetoq Formation found on a nunatak
north-east of Fønland (HIGGINS, 1970).
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Fig. 12. Panorama of the hillside 850-810 (see plate 11) in the area immediately west of Lappesø.



THE VALLEN GROUP

The Zigzagland Formation

The Zigzagland Formation is exposed for a distance of 24 km along
the border between the Ketilidian and the basement gneisses in Grænse­
land. As the type area for this formation the northern part of Zigzagland,
Le. the area immediately south of lake Vallen, was chosen. Here the Zig­
zagland Formation is found in its most complete development and almost
non-tectonized. The lower boundary is the unconformity with the base­
ment and the upper boundary is the contact with the black pelites of the
Blåis Formation. The thickness in the type area is approximately 230 m.
Fig. 12 shows the Zigzagland Formation in the southern part of Zigzag­
land south of the type area.

In the northern part of Grænseland close to the Sioralik glacier very
local thrusting affects the otherwise autochthonous boundary (WINDLEY

et al., 1966). To the south of Grænsesø and for the next 13 km further south
the boundary is autochthonous. About two kilometres north of Foselv the
boundary between the basement gneisses and the Zigzagland Formation
is affected by strong movements and southwards successively higher
stratigraphic levels of the formation rest on gneiss. Thin Zigzagland For­
mation deposits possibly exist south of Foselv as far as Arsuk glacier
(PEDERSEN, 1968).

The Lower Zigzagland Formation

A. Residual deposits on the sub-Ketilidian surfaee

The al'ea north of Vallen
North of Vallen and south of Grænsesø the Ore-Conglomerate Member

of the Upper Zigzagland Formation overlaps the gneisses. Below the
conglomerate small flat depressions of an extension of a few dozens of
metres and filled with arkosic material occur.

The arkose is generally difficult to distinguish from the basement
nebulites of the area as it has the same rusty-red white colour and a
similar grain size and mineralogical composition. However, the texture
and the occurrence of scattered cobbles and boulders of gneiss and black­
ish dense chert often provide distinguishing features. The chert also
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occurs as angular to sub-rounded c1astic grains. No stratification or sedi­
mentary structures have been observed in the arkose.

In thin sections the arkose exhibits broken grains of altered feldspar
(plagioclase and microcline) and up to 80 0 / 0 of angular quartz grains with
undulate extinction. The matrix is of chlorite and fine-grained sericite,
and a few ore grains and some small chert and sphene fragments have been
observed.

The area south of Vallen

The area south of Vallen is characterized by the carbonatization of
the sub-Ketilidian surface described on page 33.

The sediments resting directly on the sub-Ketilidian surface consist
of local carbonatized conglomerates with pebbles and cobbles of base­
ment rocks (gneisses and amphibolites) and sedimentary rocks (fig. 13).

Some material is composed of angular or sub-rounded quartz grains
randomly distributed in a carbonate matrix with sericite and muscovite.
The rock thus resembles a carbonatized gneiss, except that the quartz
occurs in grains instead of the lenses as usual with the gneisses. It seems
likely that these deposits are the carbonatized equivalents of the arkose
deposits described from the area north of Vallen.

The conglomerates and arkoses are not continuous but occur in small
depressions, and occasionally in trenches and open fissures in the gneisses
(figs. 13 and 8). The thickness is variable but never exceeds a few metres.

The conglomerates are polymict. The boulders found are of carbo­
natized gneisses, orthoquartzites, vein quartz, and white and dark va­
rieties of chert. Chlorite schists, recognizable amphibolites (now chloritic
rocks), and various types of silicified calcareous rocks, which originally
may have been calcareous sediments, are also found as boulder material.

The size of the boulders ranges from less than 1 cm to about 25 cm
along their longest axes. The deposits are poorly sorted, but a vague layer­
ing is sometimes apparent. The shapes of the boulders are often perfect
ellipsoids, but angular and sub-rounded partic1es also occur. Some bould­
ers posses a faceting, which could have been caused by wind action, but
no definite winderoded "dreikanters" have been found.

At many places the gneiss surface is covered by a few centimetres of
unsorted gravel, and at such localities it is possibIe to see the gneiss surface
actually in contact with the Lower Dolomite Member of the Zigzagland
Formation. These gravel deposits overlie rocks which have the appearance
of conglomerates, but in section the "boulders" can be seen to be the re­
sult of a rounded "onion" exfoliation of joint blocks of the gneiss.

Residual deposits have been found wherever the sedimentary border
has been exposed. They are well preserved even where the Vallen Group is
comparatively strongly deformed as it is south of Lappesø. However,
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Fig. 13. Cal'bonatized unsol'ted conglomerate on top of carbonatized arkose veined
by dolomite. Locality in Zigzagland just outh of Vallen. In this carbonatized state
the arkose is very difficult to distinguish from carbonatized gneiss (see fig. 9)
unless smal! pebbles, such a those which occur just under lhe hammer head, are

pr en L

carbonatizaLion tends to obscure thcir I'clations and iL is often difficult to
trace thcir cxLension.

Micro 'copic characteristics
Petl'OlogieaJly the residual deposib are elosely eomparable to the earbonatized

gneisse.. The only compIetely presel'ved minel'al i quartz, and the main constituent
is carbonale minerals. The minor constiluenl' are muscovi te, chlOl'ite, apati te, magne­
tite, pYl'ite and sphene. Generally the cobbIes and bouIdcJ's al'e mantled by a layer of
fine-grained 'iliceous earbonate material. This layer has cvidently protected the
boulders Lo some extent from the eaJ'booatizalion pl'Oeess as some gneis and arkose
boulders have partly pJ'escl'ved feldspat's.

Widely dislr'ibuted in Lhe sediment· connecled lo lhe sub-Kctilidian surfaee are
small magnetitc octahedra of aboul 1 mm in size, and also idiomorphic pyrite.
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A specific rock type associated with these lowest deposits is a yel!owish dolomite
(53021, 53038, 53183) with dark purpIe and violet angular to sub-rounded spots, often
oriented and with a vague layering. The sample 53038 is composed of 31.2°/0 insoluble
material (silicates), ~8.1°/0 MgGa(GO.)., 8.8% GaGO. and possibly some FeGO. (for the
method of this and other analyses, see p. 199). The sample 53183 shows dolomite­
calcite in a 10:1 ratio as revealed by X-ray diffraction. Thin sections of this rock
exhibit carbonate minerals, quartz, plagioclase (albite in simple twins), muscovite and
chlorite. These minerals form a heterogranoblastic matrix with large 1-2 mm patches
of homogranoblastic quartz and finely disseminated opaque material, smal! (less than
0.002 mm) orange to deep reddish coloured anisotropic? droplets of high refractive
index (n = approx.1.8) and euhedral magnetite and apatite (plate 2 b). In addition to
these patches, which correspond to the coloured spots in the hand specimen, there are
also other patches of presumed strongly altered plagioclase and of pure chlorite.

The two types of patches are interpreted as c1astic grains, and the eugrano­
blastic quartz as chert fragments (possibly iron chert with organic material (seep.129).

Summary and character
The lowest deposits of the Zigzagland Formation are regarded as re­

sidual gravels and accumulations of locally transported material. The
occurrence of well rounded but badly sorted particles suggests deposition
from small streams. The presence of boulders of rock types comprising the
sub-Ketilidian surface in the immediate surroundings, and also pebbles
and boulders of sediments and metamorphosed supracrustals (chlorite
schists), implies a complex history of erosion and transportation. Thus
Tårtoq Group supracrustals (HIGGINS and BONDESEN, 1966) besides
quartzitic and calcareous sediments of unknown source may have con­
tributed material. Boulders of arkose show that consolidated, possibly
continental, deposits have been exposed to erosion. Attention is also
drawn to the iron chert, which found in this situation is likely to be related
to the sub-Ketilidian surface. On the other hand the large chert lenses
without finely dispersed ore have possibly been formed in situ as aresult
of carbonatization, and might contain the excess silica from the alteration
of the feldspars.

The arkoses found north of Vallen are regarded as equivalent in age
to the carbonatized deposits south of Vallen. These better preserved rocks
seem to be made up of weathered locally transported material which
accumulated in small depressions.

The comparatively good to perfect rounding of the coarsest material
and the low maturity of the fine-grained material show that only short
transportation took place (PETTIJOHN, 1957, p. 548).

B. The Lower Dolomite Member
Occurrence

Everywhere along the sedimentary border where carbonatized gneisses
and residual deposits are found, the Lower Zigzagland Formation includes
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Fig. 14. Tlle Lowel' Dolomite Membel' wiLh planal' ananged PYl'ite nodules. Location
at a lake 2 km south of Vallen in Zigzagland. The exposed face repl'c ents a

bedding plane.

an up to 3 m thi 'k, whiLe to tan co10ured, hard doJomite Jayer. The
weathering co10ur is a pale orange-yellow. The lower part of the lnyer
consists of alternating bands of pure do10mite and a white siliceous carbo­
nate-rich rock. Thc upper part of the layer appears to be n silicified
carbonate-rock. In place iL contains planar arranged pyritc nodules
(fig. 14).

The large chert lenses described on p, 35 also also associated with
the e ['ock',

The Lower Dolomite Member is often tl'ansecLed by a network of
calcareous veins frequently producing breccia-like structure . Jn places
other types of breccins seem to be associated with the deposiLion of this
member, as they do not aflect the layers deposiLed immediately above.

The latest veins in the Lower Dolomite Member are barren quartz
veins which in the northern part of the aren are mali and rare and in the
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southern part are up to 1 m thick. These veins are thought to be related to
Ketilidian deformation.

Globular structures which might be of organic origin are found in the
lower dolomite just to the south of Vallen (BONDESEN et al., 1966., p. 28
and plate 12, fig. 2). Irregular tube-formed fossils of a diameter of up to
10 mm and up to 40 mm long have since been found at right angles to the
bedding at the same localities (PED ERSEN, 1966, p. 40).

On top of the Lower Dolomite Member occurs a talc-bearing quart­
zite about 1 m in thickness. This is the only level which shows signs of
intense plastic deformation in connection with the Ketilidian phases of
folding. In this tale quartzite cubes of pyrite (up to 3 cm across) and
deformed pyrite exhibiting rhombohedral forms and glide planes are
found. A light green chlorite is associated with calcareous layers.

Microscopic characteristics
Microscopically the dolomite (53143, 53184) and the siliceous carbonate rocks

(53018) show a dominance of carbonate minerals (about 80%), Quartz in a saccharoidal
texture together with plagioclase (albite in polysynthetic and single twins) are the
other main components together with a little muscovite. In one of the samples (53184)
a seam (stylolithic) of opaque material was observed in the microscope.

The talc quartzite (53053) shows microfolded tale which has been strained in
the folds and shows undulatory extinction, unfolded muscovite and quartz. Accessory
albite and a little ore are seen.

The tan-coloured layers have (in sample 53184) 55.9% MgCa(CO.). and 6.9%
CaCO. (caleulated, See p. 200), besides 31 % insoluble material, and contain some Fe
judging from the colour of the solution. Sample 53173 is composed of 58.8% MgCa
(CO.)., 11.9% CaCO. and 25.1% insoluble material. The clear solution suggests that
little ar no iran is present.

The white siliceous carbonate rock is of similar composition with 32.6% insoluble
material, 55.9% MgCa(CO.l. and 9.1% CaCO. (sample 53184).

Summary and character

The Lower Dolomite Member appears to have been deposited under
conditions of strong chemical activity as the carbonatization of the gneis­
ses below is closely related to the distribution of the member in the section
exposed. This member may thus be largelya chemical precipitate from
water of high CO 2 content having conditions supporting replacement of
silicates by carbonates in the substratum immediately below. Organisms
have been present but it is unlikely that they have been rock-forming to a
large extent. The sedimentary structures observed suggest that some con­
solidation took place just after deposition so that brecciation and for­
mation of fissures was possible. It has not been possibIe to show whether
these processes were related to a temporary regression. It could also be
suggested that the movements leading to the structures in question were
related to volume changes associated with the chemical activity in the
substratum.
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Fig. 15. Mud cracks in tlle Varvod Shale Member of thc Lowcr :6igzagland Formation.
The face shown is not tilo vory fractured surfaco, but a cast of thc cl'acks in a thin

covering layer of pelitic sediment. Location at the south-west COl'ner of Vallen.

C. The Varved Sllale lUember
Oeeurrenee

1'he dominant and most eonspieuous membel' of the Lower Zigzagland
Formation eomprises a sequenee of brownish shalcs whieh exhibit a
graded bedding very similal' to that in Quaternary varves. 1'hey are there­
fore here terrned the varved shales Lo emphasize Lhe cyclic nature af thcir
sedimentation, but no relation to glacial conditions af formation is implied.

1'he Varved Shale Member has a thickness varying from a few to
more than 20 m. 1'he1'e are compositional variations both vertically and
horizontally. In their lower part the rocks are strongly pelitic and dark
brown in colour. In places silty Ol' even ftne-grained reddish sandstone
layer's occur. Apar't fr'om the variation in grain size due to the rhythmic
layering there is also a variation from base to top of the sequence, the top
being more sandy. As the gr'ain size incI'eases, the colour tends to bccorne

185
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more reddish. In the coarser-grained part the rock cleaves easily along
bedding planes, whereas the cleavage in the strongly pelitic parts is less
pronounced, and where present it is often a transgressive cleavage of
tectonic origin.

Unfortunately the sequence is rather badly exposed because of vege­
tation cover and the ease with which erosion breaks down the soft schistose
rocks. The typical relief across the strike, shown in fig. 12, also reveals
that there is a relative concentration of rock debris and talus from the
overlying Upper Zigzagland Formation in the area of outcrop of the
shales.

The sedimentary structures exhibited by this member are dominantly
a graded bedding very similar to that in glacial varves. The single units
vary between 2 and 10 cm in thickness. Within the larger units minor
units on the scale of a few millimetres can be distinguished (plate 3a).
The base of the larger units is always fairly sharp.

Other sedimentary structures found in the sequence are mud cracks
(fig. 15) and small-scale fold structures apparently caused by slumping
under load.

In the area from Vallen to a point 3 km south of Vallen the upper part
of the varved shales is developed as a sandstone with a large proportion of
magnetite concentrated in bands and lenses. These ore-bearing horizons
show a grading upwards due to grain size variation and content of ore.
This feature is similar to that in concentrations of heavy ore sand in recent
beach sands in Denmark (CHRISTENSEN and LARSEN, 1961).

Microscopic characteristics
Microscopically the pelitic sediments (530ld) show graded layers 1 cm thick with

small subordinate layers and bands less than 1 mm in thickness. The grain size is
usually less than 0.01 mm. The mineral content is muscovite (40°/0), quartz (30°/0),
ore (20°/0), with carbonate (siderite ?), limonite, and chlorite in accessory amounts.
The muscovites show a strong orientation (plate 3a) parallel to the bedding as well as
oblique to this, following cleavage planes in the rock. are, carbonate and limonite are
concentrated layers parallel to the sedimentary banding. A polished sample from the
varved shales shows magnetite and ilmenite in small flakes.

In a red silty shale (53036) the same minerals are present but quartz is dominant
and the maximum grain size is about 0.06 mm. This sample also shows a syntectonic
recrystallization of the muscovite.

Two sections (53192 A and B) of a sample of the banded ore sandstone in the
upper part of the sequence contain quartz and magnetite as the main components.
The quartz occurs in both rounded and recrystallized grains and has a saccharoidal
texture. The magnetite is mainly euhedral, although it may show subangular and,
in a few cases, rounded shapes. Associated with the magnetite is strongly pleochroic
brown to black biotite in large grains and composing up to 25% of the rock. Other
minerals present are albite (An 7), limonite, zircon, and apatite in small irregular
grains and patches. In sample 53192 B chlorite of light yellow to green pleochroism
and some small needles of possibly actinolite have also been found. Characteristic of
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D. The RustY Dolomite Member

both 53192 A and B are disseminated grains of opaque material in a fine homograno­
blastic quartz matrix which resembles the iron chert mentioned on p. 46.

Summary and character

The Varved Shale Member appears to have been deposited in limited
basins to judge from the variation in thickness along the strike. However,
the lateral variations in grain size cannot be related to the supposed ba­
SillS, and it may be that the variations in thickness are partly caused by
the differential compression of pelitic and more semipelitic materia1. The
rhythmic nature of the sediment suggests variations in the velocity of the
sedimentation perhaps due to seasonal variations in the water supply to
the basins. These considerations are supported by the occurrence of mud
cracks, which indicate that parts of the basin(s) were temporarily dry.
The ore-bearing sandstone could be interpreted as a black sand deposit,
as rounded clastic quartz and ore grains occur. An important part of the
ore-bearing clastic material may have been iron chert. The strongest evi­
dence of the origin of the sediment as a black sand is the mesoscopie
structure of the sediment.

The interpretation of stratigraphic relations in the upper part of the
Lower Zigzagland Formation presents some difficulties as the lithology
shows gradual ehanges. As previously mentioned the Varved Shale Mem­
ber contains an increasing amount of silt and sand upwards and terminates
in a conglomerate - the Ore-Conglomerate Member - which is the lower­
most member of the Upper Zigzagland Formation. The matrix of the
Ore-Conglomerate Member ean be regarded as the upward continuation
of the ore-bearing sandstone.

In the southern part of the area the RustY Dolomite Member occurs
at the base of the conglomerate and can thus be distinguished as the
uppermost member of the Lower Zigzagland Formation. Towards the
north this member wedges out. At a locality 1.5 km south of Vallen the
RustY Dolomite Member is found as a 20 cm thick bed in the ore-bearing
sandstone and 1.2 m below the base of the conglomerate. Part of the ore­
bearing sandstone above the rusty dolomite in the northern part of the
area has been included in the varved shale sequence, although it is pos­
sibly equivalent to the RustY Dolomite Member in the southern part of
the area. Although it may be diachronous the rusty dolomite sequence is
maintained as a separate member because of its distinctive lithology.

Occurrence

The stratigraphic relations of the RustY Dolomite Member have been
outlined above, and as mentioned it occurs as a 20 cm thick calcareous
layer 1.5 km south of Vallen. About 3 km south of Vallen it has a thick­

4*
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ness of 0.5 to 1 m, and farther south it has a thickness varying between
0.5 and 3 m. It seems never to be lacking south of Vallen.

From the top of the ridge 850-810 north-west of Lappesø (fig. 12)
the RustY Dolomite Member is exposed as a mappable unit with a true
thickness of 3.5 m. At the river leading from Lappesø the member thins
out to 0.5 m, but thickens again along the west coast of Lappesø and
farther south attains a fairly constant thickness of about 8 m.

As the RustY Dolomite Member occurs outside the type area of the
Zigzagland Formation, the south-west corner of Lappesø is chosen as type
area for this member.

Farther north the RustY Dolomite Member shows a vague bedding,
which is not apparent in the southern part of the area where the layer is
more compact, although often disjointed by irregular fissures. The dolo­
mite is strongly silicified. It contains pyrite, the weathering of which gives
it its rllsty colour, and which is especially abundant in the southern part
of the area.

It is uncertain whether or not the variations in thickness of the RustY
Dolomite Member are due to deposition in a basin. The variations appear
to correspond to the variations found in the Varved Shale Member.

The Upper Zigzagland Formation

Å. The Ore-Conglomerate Member

The Ore-Conglomerate Member is extremely well exposed in section
and on bedding surfaces throughout the area of its occurrence; it is only
found south of Grænsesø.

The member varies in thickness from 1 to 2 m north of Vallen to a
fairly constant thickness of 8 to 10 m south of Vallen. Its appearance
varies from area to area partly due to depositional conditions, and also,
in the south, to the effects of deformation. For the purpose of this paper
its development is described in three areas:

1) the area north of Vallen
2) the area between Vallen and northern Lappesø
3) the area south of the northern part of Lappesø

The name, the Ore-Conglomerate Member, is applied with reference
to the development in the type area south of Vallen where the matrix of
the conglomerate is a magnetite ore.

The area north of Vallen

In the area north of Vallen the Ore-Conglomerate Member rests di­
rectly on top of the gneisses, or on the thin non-carbonatized arkose de­
posits, described on p. 32.
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Fig. 16. Large boulders resling direcUy on llle sub-Kelilidian surfaee in tlle area
between Vallen and Grænsesø. Tlle surrounding sediment is il banded dark grey ore·
bearing quartzite with some sil ty and pelitic bands folIowing the outlinc of thc
bouldel's. Note the sub·rounded shape and t.hc polygonal outlinc of the boulder to

the right. The length af the hammel' is 405 cm.

The member is here 1 to 2 m Lhiek and eonsisLs af large boulders
whose longest axes may I'eaeh 2 m and Lhe shortest axes 1 m in lengLh.
The shapes af the boulders varoy to same degl'ee bul, Lhey may generally be
deser'ibed as rounded Lo sub-rounded and with axes af more Ol' less the
same relative proportions (fig. 16). Often the boulders show a polygonal
outJine possibly reflecLing an original joint pattern.

The boulclers are rusty eoloured and often have a 10 cm thick rusty
spallating mantie. Below this mantie the boulclers consist of a porous
quartr.iLie rock stained with elongaLecl red spots. 1t has not been possibie
to examine the eross af the largest boulders.

The majority of tho largo bouJders rest as far as ean be seen direeLly
an thc gneiss withouL any appreeiable amOlmt af sediment below. Smaller
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boulders are usually enclosed in a sedimentary matrix. Where the arkose
deposits occur no relations to the larger boulders have been observed, but
the smaller boulders and cobbles have been seen resting directly on the
arkose (fig. 7).

The matrix material between the boulders is a dark grey to black
finely laminated sediment of medium to fine sand with layers of silt. The
layering in the sediment sweeps round the large boulders which often can
be recognized as a doming of the layering.

In thin section the sedimentary matrix (52977 A and 20865) is seen to be com­
posed mainly of rounded and sub-rounded quartz grains. Some quartz seems to be
recrystallized. Iron chert is also present as clastic grains. Other minerals are plagio­
clase (albite and altered clastic plagioclase), sphene, carbonate, epidote and ore. In
the finer matrix muscovite and chlorite are found. Limonite seems to playan impor­
tant role. The thin section 20865 shows large epidote crystals arranged in star-shaped
aggregates but these may owe their presence to pyrometamorphism due to the large
Gardar dolerite intruded close to the sample locality.

The thin section, 52977 B, is one of the smaller boulders and shows the rock to
be a fine cherty quartzite with limonite.

The area south of Vallen
On the west coast of Vallen the Ore-Conglomerate Member differs in

character from its appearance north of Vallen. Its thickness is here about
6 m and increases to up to 10 m farther south. It has a fairly constant
thickness of around 8 m as far as the southern part of the area, where the
thickness again decreases to about 5 m.

As the thickness of the member increases southwards the boulder size
decreases; the longest axes of the largest boulders measure about 40 cm.
In the southernmost localities only cobble-size components are found.
There is no appreciable variation in the boulder size vertically.

The conglomerate is oligomict and the boulders are almost exclu­
sively of grey or white cherty quartzites. Occasionally rusty spotted
porous boulders occur which resemble the interior of the boulders found
north of Vallen.

The shapes of the boulders (fig. 17) are generally similar to those
found north of Vallen, but more perfectly ellipsoidal and also flatter
shapes are encountered.

As previously mentioned (p. 51) the matrix of the conglomerate could
be regarded as an upward continuation of the ore-bearing sandstone im­
mediately below. The ore content can be very high in the lower part of the
conglomerate and seems to decrease upwards.

Banding occurs in the Ore-Conglomerate and is expressed by more
densely packed boulders at some levels and a higher proportion of matrix
at others. In some cases bands without boulders occur.

The ore proportion of matrix varies vertically, being greatest at the
base (up to 70 0J0), decreasing upwards and amounting to 50 0J0 about 3 m
from the top. Generally the top metre is without ore.
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Fig. 17. Oilgomict con"lomcrate - the Ore-Conglomerate Member - at thc base of the
Upper Zigzagland Formation. The boulders are ChOl·ty quartzites, which here in Lhe
upper pal'l of Lhe membcr are set in u quurtzitic rnalrix. The exposed face is a

bedding plane. Locali ly in the south-wcst corner of allen.

Variations in the ore content also occur laterally. There is a decrease
in ore content towards both north and souLh, the highest concentration
being found in the vicinity of the lake 3 km south of Vallen. From this
lake and southwards the central part of the Ore-Conglomerate Member
has the appearance of a fine jasper quartzite often with flattened cobbles.
The ore is concentrated in pure magoetite bands. In this area it becomes
more and more common to find that the ore has migrated into secondary
fissures in boulders and into joint. In places a brecciation of chert-like
quartzite with an ore matrix is found. The same tcndency for the ore
to migrate into fissures is apparent under the microscope.

Provisional examinations of 110 polished samples of ore-rich conglomerate ma­
trix show that magnetite is the dominating ore mineral. PYl'ile, hematite and occasio­
nal ilmenite are mino!' constitucnts. 'l'he matrix thin section 53042 contains in volume
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34.6% quartz, 60.4% ore, 3.0% biotite and 2.0% of other constituents; the last in­
elude plagioelase (An10_12), limonite, carbonate and a large number of small anhedral
grains of apatite.

The magnetite is usually euhedral and twinned, and occasionally subhedral. In a
few cases rounded magnetite grains have been observed. The quartz is generally re­
crystallized but rounded grains also occur. Chert grains with finely dissiminated ore
have been found.

A thin section of a boulder contains 98% quartz with a fine saccharoidal texture
(chert), a little muscovite and ore.

The area south of north Lappesø

Approximately 1.5 km north of the river leading from Lappesø the
nature of the Ore-Conglomerate Member gradually changes. The conglo­
meratic character persists towards the south as does the thickness, al­
though it has an average thickness of only 5 m south of Lappesø. The
main differences occur in the matrix, which gradually becomes a rusty,
often porous, quartzite usually containing pyrite. South of Lappesø the
conglomerate matrix is sometimes a pyrite ore.

The character of a matrix of the Ore-Conglomerate Member in the
southern part of the area is regarded as a continuation of the tendency of
the ore to migrate as described on p. 55. Gradations from local aetivation
and mobilization to a more complete mobilization can be observed. The
gradations take place over a distance of littIe less than 100 metres. The
mobilization coincides with a stronger deformation of the overlying rocks
and it is a notable feature that widespread hematite and pyrite minerali­
zations occur in joints and fissures over the whole southern part of the
area, especially in the greywackes of the Blåis Formation. Therefore it is
suggested that ore was originally present in the Ore-Conglomerate Mem­
ber in the southern part of the area, and that it had migrated away from
this level into fissures and joints of the overlying rocks leaving a rusty,
porous occasionally pyrite-bearing matrix.

Summary and character

The Ore-Conglomerate Member is one of the most conspicuous and
peculiar sediments of the Vallen Group. Equivalents to this member are
not known from other areas of Ketilidian sedimentation, except for the
Midternæs area, north of Grænseland, where a conglomerate with little
ore appears in the same stratigraphic position (HIGGINS and BONDESEN,

1966). The Ore-Conglomerate Member exhibits a specific sedimentary
facies apparently closely connected to surface relations in the immediate
surroundings of the basin. Deposits of siliceous chert from which the
majority of the boulders were derived may be presumed to have existed
close to the basin. The large boulders found north of Vallen have probably
not been transported very far, and may even have been residual. The
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smaller boulders on top of older sediments have evidently been trans­
ported, but possibly only by surf action along a coastline. The distribution
of the Ore-Conglomerate Member shows that its deposition was related
to a considerable northward expansion of the sedimentary basin.

It has been mentioned that the matrix of the sediment shows a grada­
tional development from the upper part of the underlying sediments and
also grades into the overlying sequence of banded quartzites. The matrix
of the upper part of the Ore-Conglomerate Member is a quartzite and the
lower part of the Banded Quartzite Member contains several thin conglo­
meratic units (see plate 14).

B. The Banded Quartzite Member

The Banded Quartzite Member occurs south of Grænsesø above the
Ore-Conglomerate Member and in a basin structure expressed by the in­
creasing thickness of the member towards the south, as illustrated by the
five measured profiles shown in plate 14. The principal variations in the
lithology and the sedimentary structures of the banded quartzites are
also indicated in the profiles.

The Banded Quartzite Member is also found in the area north of
Grænsesø, between Grænsesø and the Sioralik glacier, in a basin structure
of which the continuation is found north of the glacier in the Midternæs
area (HIGGINS and BONDESEN, 1966, fig. 3). South of the Sioralik glacier
the quartzites are found beneath the same Dolomite Shale Member as
that which occurs to the south of Grænsesø, and it is on this basis that
these quartzites are regarded as part of the same lithostratigraphic unit.
However, there are local differences and the two areas are thus des­
cribed separately: 1) the area north of Grænsesø, 2) the area south of
Grænsesø.

The area north of Grænsesø

The Banded Quartzite Member in the area north of Grænsesø has a
low easterly dip and rests directly on the homogeneous basement gneisses.
The Lower Zigzagland Formation and the Ore-Conglomerate Member of
the Upper Zigzagland Formation are lacking, and no basal conglomerate
is developed. The border between the quartzites and the gneisses is in a
narrow zone locally mylonitized, apparently by thrust movements. The
rocks are otherwise practically unaffected by deformation.

South of the large sinistral fault (plate 11), where the beds dip at a
very low angle, medium- to coarse-grained very homogeneous white
quartzites are found in direct contact with the gneiss surface. The quart­
zites are here autochthonous. The whole region is thus regarded as autoch­
thonous to parautochthonous, with only littIe or local movements along
the border.
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Fig. 18. Gradcd oJigomict conglomcratc units in thc lowcl' part of the Bandcd Quart­
zite Member of the Upper Zigzagland Formation. At the head of the hammer occurs a
weaLhered calcareous sandstone intercalation. The conglomerate unit in the centre

exhibits a vaguc imbricate structure. Locality about 1.5 km south of Vallen.

The thickness of the quartzites varies from approximately 50 m
at the shore of Grænsesø to more than 140 m neal' to the Sioralik
glacier.

The sedimentation began in the latter area with a pure white qual't­
zite without banding Ol' pronounced bedding. Some fissility seems to be
parallel to the original sedimentary surface. Higher in the succession,
approximately 30 to 50 m above the base, banded sedimentary structures
due to compositional and grain size variations occur and greyer quartzite
is abundant. The thickness of this banded division is generally about 20m.
Above this occul's at least 30 m of pure white qual'tzites with abundant
rippIe marks, which give way upwards to about 20 m af quartzites, often
coarse-graincd and blackish.

The area south af Grænsesø

The Banded Quartzite :Membor south af Grænsesø indicates a basin
structure which is expressed by an jncrease jn tbe thickness from 3 m at
the shore af Grænsesø tp 40 ID an a small peninsula an the west shore ol'
Vallen. South of Vallen the thiclcness approaches 100 m (plate 14).
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Fig. 19. Light fine-gl'ained Iacies oI lhc Banded Quartzite )fember or lhe Zigzagland
Formation. Badly sorled congiomcrate units, with sharp bOI'ders lo lhc surrounding
sediment, are also seen. The part or the measuring tape seen measures 2.1 m.

Localily in the south-wcst corner of Vallen.

South of Lappesø a decrease in thickness seems to take place, but it
is not cel'tain whethel' this is a sedimental'Y feature Ol' aresult of tectonic
thinning Ol' both.

NOI'th or Vallen only thin bedded and laminat.ed quartziLes occur.
At Vallen conglomerates appeal' in the lowcr part o f this uccession

together with coarse-grained grey qual'tzite . These conglomerates are
usuaJly gradcd (fig. 18).

A special development is found neal' Vallen (flg. 19). The conglo­
merat.es here Jack grading and occur in sharpJy bounded beds up to 40 cm
thick. In bet.ween [ine- to medium-grained quartziLes are found.

At certain leveJs, mainly in the lower part of the sequence, coarse
calcareous clastic sediments are present (fig. 18). At highe[' levels these
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Fig. 20. Typical appearance of lhe middle parl ol lhe Banded Quartzite Member ol
lhe Zigzagland Formalion. The quartzites are here Iinely laminated with lensoid
pockets ol contrasting grain size and slump sl.l·uctures. The slumping shown here
appears to ha ve taken place li nder' the cover ol the overlying sediment. Lenses ol
coarse quartzite with weathered calcareous matrix aro seen al lhe boltom and Lhe
top of the photograph. Locality about 1.5 km south of Vallen. The scale is shown

by tilo pencil in tho upper lert corner of lhe photograph.

become less important, although interstitial carbonates are often pre­
sent, a characteristic difTerence from the quartzite in the area north of
Grænse ø.

The m iddle part of the quartzite succession, from approximately
20 m above the bo. e to about 30 m below the top, is dominated by banded
and laminated quartzites of fine- to medium-grain ize. everallevel are
silty and some horizon a['e even pelitic.

In the upper part of the Banded Quartzite Member, marked homo­
geneous light, medium- to coarse-grained quartzite beds with wavy sur­
faces similar to sand waves (POTTER and PE'rTIJOHN, 1963, p, 99) Ol' giant
rippIes (VA . STRAATEN, 1950, p. 76) occur. The e beds are found tbrough-
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Fig.21. 'll'ongly distol'lcd bandcd quartzites from a large slumped unit in the
middle part of the Banded Qual'tzitc Member of the Zigzagland Formation. Garland­
like tructul'es and, locally, convollllc bedding are the dominant ·[r'lIclures. Locality

aboul1 km south-west of ValJen.

out the area in varied thickne ses and numbers. In some ease the beds are
seen to bifureatc (plate 14, profile IV). The bases of the giant rippled
beds are planar, and the sueeecding beds above the erests of the l'ipples
soon beeome planar (fig. 24).

Black quartzites are found at the top of thc member, and are overlain
by dolomitie shaIes of the suececding member, a feature common to both
the areas deseribed .

Sedimentary structures

The Banded Quartzite Member hows a variety of scdimental'y true­
tures, some of whieh aiready have been noted, and who. e position in the
vertieal sueee sion ean be seen from plate 13.

Graded bedding (flg. 18) and other types of bedding (fig. 19), banding
and laminations have already been mentioned, and their eharacteristie
appear'anee is shown in figs. 20 and 24.
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Fig. 22. Isolated occurrence of current bedding in the Banded Quartzite Member of
the Zigzagland Formation. The low angle current bedding possesses a complicated
pattern which in the sections available yielded scvcral current directions. The struc­
tures are limited to the unit shown in the photograph. Locality about 1 km south

of Vallen.

Slump structures ar'e very camman in the middle banded and lami­
nated parts of the succession. 1'hey were all found where a strong variation
in grain size from silt to gravel occurs. Clayey layers are also found, but
their presence does not seem to be necessary for the formation of the
slumps. Some slumping has evidently taken place an the sedimentary
surface, as the upper part of same structures has been eroded. However,
most af the structures seem to have been produced within the sediment
under load. ChaoLic convoluLe bedding of flne-banded light quartzite in
darker silty material i. shown in flg. 21. Drag features, which seem to have
been formed under a sliding mass, are shawn in fig. 20. Diapiric struetures,
formed during the sedimentary stage over small pre-existing culmina­
tions, are also encountered. It is noteworthy that no slump structures
have been observed in the area north af Grænsesø.

Current bedding is not very prominent and seems always to be at a
vel'Y low angle (flg. 22). It occurs periodically throughout the succession.
1'he current bedding has perhaps developed locally along small banks Ol'

sandbars.
RippIe marks are very common and are af several types. 1'he most

common are sinusoidal symmetric varieties, often with the ridge crests
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Fig. 23. Rippie marks of a sinusoidal Lype in thc Banded Quul'Lzile :J!Iembcr of the
Zigzagland Formation. LocaliLy on tho south coast of Vallen.

eroded (fig. 23). Another very common Lype is symmetric with very sharp
ridges und broad open throughs. Asymmetric types are ra!'e. HippIe
marks are most common in the middIe part of the succession.

Rippie mark are the onIy sedimenl:.aI'y structures aparL from ban­
ding which have been observed in the area norLh of Grænsesø. They ar'e
very prominent and generally of asymmetric type with a ratio amplitude­
to-wave-Iength of ubout 1 :11.

The giant rippies are restricted to the uppe!' part of the Banded
Quarl:.zil:.e Membel'. They are pedect sinusoidal with a wave-length up to
1 m and an amplitude of 15 'Lo 25 cm (fig. 24). They are arranged 'en
echelon' a long inl:.erfingering ridge·. Because of inadequate expo ure,
the lengLll of the ridaes could nol:. be established. Vague current bedding
dipping to the south an the south side af the ripples, and with the
arne inclination a the {Jank, has been obscrved in several cases. Thc
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Fig. 24. Giant rippIes in the upper part of the Banded Quartzite lember of the Zig­
zagland Formation. rl'he base of the rippled unit i planar and the banded quar'tzite
above the rippIes soon reattain a plane-parallel attitude. Lo ality abou t 1.5 km ou th

of Vallen.

l'ipples seem thus to have been formod by pos 'iblo current action from
the nOl'th,

Suo-cracks are encountered both in the 10wer cong10meratic parL and
in tho middle banded part of the sequence, where e10ngated hexagonal
shapes of 20 cm in the longost direction have boen found.

1icroscopic characteristics
The banded quartzites are highly variable in grain size and composition and the

samples examined may therefore not cover the entire range of rock variation in the
succession.

Table 2 shows the composilion of some of the sample and fig. 25 indicatcs the
gr'ain 'ize variation as revealed from granulometric analyses of uitable thin sections.
The methods used are described on page 199.

The size of the sedimentary grains varies fI'om the clay to eoarse and fraetion
and in the conglomerates from pebbles to cobble . The sOI'ting within a single band i
moderate to good.

The grains are ellipsoidal perfectly rounded Ol' ub-r'ound d in shape. The heavy
minerals always how per'feet 'pherical shapes. Usually the grains are dusty. Recrystal.
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Table 2. Modal composition of quartzites from the Banded Quartzite
Member ot the Zigzagland Formation

53025 53026 53043 53044 53071 53073 52111 53147

% % G/o % % % % %

Quartz ........... 20.1 88.1 74.3 67.2 94.2 87.5 87.8 75.0
Chert ............ 50.4 2.1
Matrix (quartz) ... 16.2 0.9 5.0 9.3 5.2 2.6 **** 11.6
Plagioclase .......

} 0.2 {
3.5 2.8 5.6 0.1 2.3 6.6

Microcline ........ 1.1 0.9 0.9 0.1 0.2 4.0
Carbonate ........ 1.3 10.2* 15.1* 2.3 1.1
Dark minerals** .. 3.9 0.4 0.4 1.2 0.2 3.2 0.1
Ore ............. 2.3 0.3 1.5 0.9
Muscovite ........

} 6.9 {
4.1 2.4 0.4 0.2 1.9 6.9

Others*** ........ 0.6 2.1

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

*)
**)

***)
****)

53025
53026
53043
53044
53073
53071
52111
53147

matrix is carbonate
garnet, zircon, sphene, amphibole, pyroxene?, epidote.
carbonaceous material and secondary minerals.
matrix not specifically counted because of recrystallization.

Quartzite with fragments of chert. Locality south of Vallen.
Fine-grained quartzite. Locality south of Vallen.
Quartzite, 2 km south of Vallen.
Banded quartzite, 2 km south of Vallen.
Black quartzite at the top of the Banded Quartzite Member, north of Grænsesø.
White quartzite with rippie marks. Locality north of Grænsesø.
Light quartzite from bed with giant ripples, south of Vallen.
Matrix of conglomerate, 1 km south of Vallen.

lization of quartz is present, in some samples conspicuous, and cataclastic textures as
well as sutured and mosaic textures (SKOLNICK, 1965) are seen.

The matrix material is generally microcrystalline quartz. In some cases (53044
and 53043 (plate 3b)) carbonates may playan important role. As most secondary
minerals, muscovite, epidote and alittle chlorite are found in the matrix interstities,
it is suggested that a little pelitic material was present in the original sediment.

The clastic grains are dominantly quartz showing undulate extinction and are
thus apparently derived from the basement rocks. In some samples (53025, 53035,
53154 and 20835) chert is present among the grains. Among the clastic feldspars,
plagioclase dominates over microcline. The plagioclase is always much altered by
sericitization and saussuritization. Carbonate might have occurred as original clastic
grains now found in the form of large patches of recrystallized carbonate. Accessory
minerals are zircon, garnet, sphene, amphibole, epidote and possibly pyroxene
(53025). Ore is rarely present and mostly recrystallized. Brown limonite patches
and small amounts of dark opaque material (organic remnants?) are also found.

The secondary (metamorphic) minerals are muscovite, chlorite and epidote,
with some biotite (in samples 53025 and 20833). Locally single twinned albite crystals
occur in the intersticies.

185 5
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Fig. 25. Grain size cumulative frequency curves of selected quartzites from the Ban­
ded Quartzite Member of the Zigzagland Formation.

The quartzites are of varied composition and some may be classed as proto­
quartzites, others as feldspathic sandstones (PETTIJOHN, 1957). Those with consider­
able carbonate matrix are calcareous protoquartzites (53043, plate 3b, and 53044),
and one (53071) is an orthoquartzite. 53025 has a large matrix proportion besides
rock fragments and may thus be termed greywacke (lithic greywacke). The samples
53071 and 53073 are from the northern basin and they are the "most quartzitic" of those
examined. This is in agreement with the general impression in the fieid, that the succes­
sion in the northern basin is more uniform and white than the banded succession in
the southern basin.

Summary and character

The general impression of the sedimentary succession of the Banded
Quartzite Member is a steady change from litoral conditions in the lower
part with small graded conglomerates on top of the Ore-Conglomerate
Member to shallow water conditions in the middle part with small banks
Ol' sand bars which temporarily may have been dry and along which
slumping from time to time occurred. Towards the top of the member,
sedimentary conditions became more stable and current from a northern
direction more constant, as indicated by the mega-ripple structures. This
probably corresponds to deeper conditions compared to those which pre­
vailed earlier.

This general deepening, as well as the increase in the thickness in
both the southern and the northern basin, corresponds to the transgressive
nature of the Zigzagland Formation, aIready indicated by the Ore­
Conglomerate Member.
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Of the sedimentary structures graded bedding and rippIe marks are
indicative of shallow turbulent water, and the rarer occurrences of current
bedding are suggestive of deeper water below wave base (PETTIJOHN, 1957,
p.285).

The middle part of the succession, which is strongly banded and fre­
quently slumped, shows that the sediment was highly mobile and suggests
that deposition took place relatively rapidly. The slump structures indi­
cate that the sedimentary basin possessed some bottom topography
which can be observed on a large scale as a gentIe swelling of the layering
when viewed from favorable positions along the bedding planes.

A small scale sea bed topography also existed as seen in the culmina­
tions mentioned on p. 62, and in the giant ripples.

The source of the material forming the quartzites is dominantly base­
ment gneisses, indicated by the dominance of quartz showing undulate
extinction and the character of the feldspars.

The fact there is less microcline than plagioclase suggests that it was
nearby basement which acted as a source and it is also consistent with the

....-

Fig. 26. Orientation of rippIe marks (A) and slumping axes (B) from the Banded
Quartzite Member of the Zigzagland Formation. The linear structures have been
tilted with the bedding plane as indicated by dotted lines. Some slump axes did not
coincide with the bedding plane and are thus not horizontal after tilting. The arrows

indicate the mean values. Wulff-net angle true projection - upper hemisphere.

fact that quartz-dioritic gneisses are the most widespread in the pre­
Ketilidian of the Ivigtut region. Chert has also been exposed for erosion
and transport.

The possibIe direction of the coast line of the basin south of Vallen
has tentatively been established by means of the axes of slump structures
and rippIe marks (fig. 26 A and B). The rippIe marks, which if formed by

5*
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a surf wave action should form a very acute angle to the coast (POTTER

and PETTIJOHN, 1963), indicate a coastal direction in the south-eastern
quadrant. The slump axes, which give a possible means of finding the
average of the slope of the basin floor or the trend of bars and bank struc­
tures, indicate a south-east - north-west direction. This direction should
be parallel to the coast and parallel to the main current direction ; it is
more or less consistent with the coastal direction indicated by the ripple
marks. However, these suggestions of coastal direction are only average
indications as the measurements were made at various stratigraphic levels.

C. The Dolomite Shale Member
Occurrence

The Dolomite Shale Member forms the uppermost stratigraphical
unit of the Zigzagland Formation. It is fairly uniformly developed al­
though minor lithological differences are apparent, both horizontally and
vertically.

The true thickness of the member is difficult to establish south of
Vallen because of deformation. The first phase of folding has more or less
exclusively occurred within the lower part of this member (see p. 151).
However, the thickness in Zigzagland appears to vary between 135 and
150 m. Between Vallen and Grænsesø the thickness decreases to less than
50 m and in the southern part of Grænsesø the member is absent. On a
small peninsula in the middle of Grænsesø the equivalents of the member
are seen resting directly on the altered gneiss surface. The lower part is
here composed of a thin conglomerate with dolomites immediately above
(fig. 28). The thickness is here estimated to be about 20 to 30 m. North of
Grænsesø the Dolomite Shale Member is between 100 and 150 m thick.

South of Lappesø the development is similar to that in Zigzagland,
although the thickness seem to be less, possibly on account of the defor­
mation. At Foselv the member has what appears to be a tectonic contact
with the basement gneisses.

The border with the underlying quartzites is always sharp; the
quartzites contrast markedly with the almost pure dolomite which forms
the lowest band of the dolomite shales. The upper border is more grada­
tional, as fine c1astic material dominates the lower BIåis Formation as
well as the upper part of the Dolomite Shale Member. The contact be­
tween the two formations is marked by a distinct colour change from
greyish green to rusty black. This border is often modified by movements.

The detailed stratigraphy of the Dolomite Shale Member is illustrated
by a section in the Zigzagland Formation 2 km south of Vallen (fig. 27).
The lowermost unit, about 8 m thick, comprises alternations of a finely
banded dolomite shale and pure yellowish dolomite. Then follows 2 m of
strongly sheared green chloritic schists with thin dolomite layers and



I Stratigraphy and Deformation in Grænseland 69

strongly folded quartz veins. This unit is succeeded by about 4 m of un­
folded banded dolomite and 12 m of grey-green slates deformed by large
drag folds. The bedding of these slates is indicated by bands, furrows and
cavities (figs. 54 and 55). The folded zone is bounded above by a strongly
tectonized zone of chlorite schists and a further sequence of compact dolo­
mite and banded dolomite shales. The major part of the dolomite shales

GREENISH GREY DOLOMITE SHALE

BAND 2

1
100 m DOLOMITE SHALES

- ------------------

'">
Z
Cl
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101'1)

20m

30m

Om . ------------------
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Fig. 27. Section in the lower part of the Dolomite Shale Member of the Zigzagland
Formation.

above the upper pure dolomite comprises uniform, greenish, strongly
cleaved shales, in some horizons banded, in other cases with thin pure
dolomite bands. The content of carbonates appears to vary considerably
and is reflected in the degree of weathering of different parts of the shales.
The lateral facies variations are from coarse silt and fine sandy material
with subordinate thin dolomite bands in the area between Vallen and
Grænsesø, towards a higher content of pelitic material in the greenish
rocks of the northern part of Grænsesø. However, the general characteri­
stics of the member, with two bands of pure dolomite at the base separated
by greyish-green shales, are consistent throughout the whole area.

Special attention is drawn to the two small peninsulas on the west
coast of the narrow sound north of the southern basin of Grænsesø. Here
the Dolomite Shale Member rests on aItered gneisses, on the southern
peninsula with a thin 20 cm conglomerate of well rounded pebbles and
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Fig. 28. 'l'he Dolomite Shale Member of the Zigzagland Formation resting on gneiss.
In Lhe lowel' righL comel' of Lhe pholograph aJlered gneisses are seen belowa small
conglomerate of chert and quartzite boulders. Another smal! conglomerate layer
occurs below lhe hammel' head above which is a calcareous sandstone. Jn the upper
lefl corner fine banded dolomile corresponding to the lowe!' part of lhe Dolomile
Shale Member. The folds seen are F 2 folds. Localityon a little peninsula an the west

coast of the middle part of Grænsesø.

cobbIes up to 15 cm in diameter at the base (fig. 28), and on the northern
pcninsula with a banded doIomitic sandstone with rounded quart,z grains
up to 2 mm in diameter at the base. The dolomiLe is arenaceous in its
lower part, but upwards it becomes a pure banded doIomite (2 to 3 m
thick) which grades jnto grey-green shalos. OnIy one doIomite band seems
to occur at these IocaIjties which appeal' to correspond to the whoIe Iower
part of the member, shown in fig. 27.

Sedimentary structures, apart from banding and lamination, are rare
in the DoIomite ShaIe Member. The onIy conspicuous sedimentary struc­
tures occur north of Vallen, \\There contortions of fine peIitic bands in the
silLy shaIes, have been observed (fig. 29). Thc structures are interpreted as
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Fi rr.29. The Dolomite hale ember immediately north of Vallen showing Lhe appea­
ranee of Lhe layering and a slumped horizon. This horizon is Lraeeable for tens of
melres. The ineornpeLent shale in the lower part of the photograph exhibits a fine
striation whieh is the trace of a poorly developed ,cleavage. The more ea1careou

bands are weathel'ed out as furrows.

sedimentary-decollement structures (PETTIJOHN and POTTER, 1964, pla~e
108 a) and must have been produced under the load of overlying sedi­
ment. Tho t,ructures are gencrully conjugatc fan-folds but are aften over­
turned towards the sou~h in the direction of the basin cent,re.

Microscopic characteris~ics

nder the mieroseope thc dolomite . hales reveal a varied eonLent of dolomiLe
ranging from more Lhan 90010 earbonaLe (529?9 and 53045 ) Lo only a few scaLLered
grains whieh, however, always seem to be related Lo original bedding. .nalyses of car­
bonates are shown in Lable 3. The X-I'ay dilTractometer ttiagram showed that a liLtle
calcite SIlOUld be present in the rocks.

Thin secLions of the sample, classcd in the field as "pure" dolomites (529?9 f!'Om
thc thin succession j lisL south of Grænse ø and 53045A, 53112 and 531'13 from Zigzag-
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Table 3. Analyses of carbonates from the Dolomite Shale Member of
the Zigzagland Formation

I

CaO MgO Insoluble
MgCa(CO.). CaCO.

Totalcalculated calculated

°/0 °/0 °/0 °/0 °/0 °/0
52112 ... 20,5 10.5 31.4 48,5 13.3 90.2*
52113 ... 30.4 22.9 8.3 95,6 6,4 110.3**
53074., . 16.1 10,1 47.0 46.1 3,7 96,8

*) The sample contained high Fe+++ concentration, judging from the colour of
the solution.

**) Exsolutions during analyses.

land), all exhibit, besides the dominant carbonate, quartz, muscovite, small twinned
albites and small needles, possibly of actinolite.

Among the more siliceous rocks, sample 52978 (a greenish grey shale) contains
quartz, zoisite, chlorite, a small content of polysynthetic twinned albite, needles of
actinolite, carbonate and zircons. A green shale (52973) from the central Grænsesø
region contains 70% quartz, 10% muscovite, 5% plagioclase (primaryas well as
secondary recrystallized albite), 10% chlorite, actinolite?, epidote, carbonate, garnet?,
ore and zircon. The siliceous composition is also marked in sample 53045 B, which
consists of quartz, carbonate (20%), muscovite and ore, and sample 53045A which con­
tains quartz, muscovite, epidote (zoisite) and limonite but no carbonate, In the latter
case the limonite is thought to be secondary after ferrous carbonate. This is also sup­
ported by dissolved samples which, to judge from the colour of the solution, have a
fairly high iron content, The rusty weathering of the dolomites mayaiso indicate a
fairly high proportion of iron.

In nearly all the samples examined, a fine pigmentation occurs which may be of
organic origin; several samples have been shown to contain organic remnants (BONDE­

SEN et al., 1967, p. 13).
In most sections banded or finely laminated structures due to variations in grain

size and the occurrence of carbonate are found. These textural relations may locally
show a complex pattern which could be due to original organic structures.

The samples 52105A and B represent matrix and boulder from the basal conglo­
merate found on the small peninsula in Grænsesø, The matrix (A) is made up of rounded
grains (43%) and a few grains of chert and shale embedded in carbonate (36°/0) and
fine quartz (15"10). The matrix is finely pigmented and contains furthermore a few
percent of secondary muscovite. The boulder (B) is a quartzite (91"10 quartz) which in
its texture shows both rounded grains and sutured intergrowths as characteristic of
the most coarse-grained chert. The matrix in the boulder is carbonate (8"10). A little
muscovite also occurs,

Summary and character

The rocks of the Dolomite Shale Member are, apart from the "pure"
dolomite bands, mainly rather siliceous rocks, which possibly originally
contained a relatively large proportion of clay minerals and silt. The
name dolomite shale (MATHER, 1955), which implies alternating bands of
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pure carbonate rock and less carbonate rich rock, seems to be valid for
most of the succession to judge from the field relationships. Parts of the
succession could be termed argillaceous dolomite, and locally the terms
dolomitic sandstone or arenaceous dolomite could be applied.

The general stratigraphy and sedimentology of the Dolomite Shale
Member shows a marked change from transgressive conditions with the
deposition of coarse, clastic material into a milieu of carbonate deposition.
The transgressive character still prevails in the Grænsesø region (in the
northern basin) as the lower part of the member here transgresses the
gneisses. The change in clastic sedimentation from sand in the quartzite
to silt and clay in the Dolomite Shale Member, and to clay in the pelites
of the Blåis Formation, suggests a general increase in depth, a feature
aIready indicated by the sedimentary structures of the quartzites.

The carbonate material is probably not of clastic origin i.e. resedi­
mented carbonates, e.g. from the Lower Zigzagland Formation, as no
textural relations is in favour of this origin. It seems far more likely that
it is either a precipitate or of biogenic origin. The latter suggestion is only
supported by the occurrence of remnants of microorganisms, as no meso­
scopic structures which could be interpreted as of organic origin, have
been found.

The Blåis Formation

General introduetion and division

Above the Zigzagland Formation a thick pile of pelites, semipelites
and graded greywackes occur. This sedimentary sequence marks a change
in depositional conditions and is distinguished as a new formation - the
Blåis Formation, named after the tongue of the lnland lce, west of Zig­
zagland, called Blåisen (the blue ice). The top of the Blåis Formation is to
the Grænsesø Formation, which is the lowest formation of the pillow lava
main structural division.

The thickness of the formation varies; it is at least 300 m north of
Grænsesø but only about 40 m in the southern part of Grænsesø. To the
south of Vallen the maximum thickness is estimated at 800 m.

The division of the rocks of the Blåis Formation into mappable units
is based on the following mesoscopic distinctions: 1) pelites - finely lami­
nated and banded shales and slates ; 2) semipelites - banded shales and
slates with scattered clastic grains visible in the hand specimen, usually
occurring together with pelites and occasionally with greywacke units;
3) graded or banded greywackes -large graded units or banded successions
with a dominance of coarse clastic material, usually with minor pelitic or
semipelitic intercalations.
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Fig. 30. Tentativc I'cconsll'uction of the facies relations in lhe BJåis Formation.

In the southern part of the area the development differs from that
farther north. In the vieinity of Lappesø and as far as 3 km to its north,
greywaekes with dolomitic layers are developed. On top of these oeeur
banded emipelite and eoarse graded greywaekes. The latter ean be fol­
lowed northwards to allen, where they overlie a development of banded
greywaeke, emipelite and thiek blaek pelites; dolomitie bands are not
developed here. Farther north, between Vallen and Græn e ø, blaek pe­
lites underlie graded greywaekes, but there are no di Linet oeeurrenees of
banded greywaekes and semipelites. Along outhern Grænsesø graded
greywaekes, eorresponding to a high level in the graded greywaeke else­
where, rest on top of gnei se . In the nOl'thern part of the area, blaek pe­
lite oeeur below eoarse O'reywaekes and above the Zigzagland Formation.

A tentative reeonstruetion of these facies relationships is given in
fig. 30. This reconstruction ean only give a rough outline of the situation,
as the condition , e pecially in the southern part of the ar a, are obseured
by thrusting and folding. However, both thru ts and folds appeal' to be
eontrolled by tho faeies changes.

The stratigraphic subdivisjon of the BIåis Formation into "laminated
petite member", "banded greywaeke member" and "rhytmhie greywaeke
member", earliCl' published by BERTHELSE ' (1965, table 2, p. 124), is not
retained in thi paper as the BIåis Formation here includes the originally
undivided "Lappesø Formation" (see p. 40).

The trong facies variations and lithologieal gradation make it dif­
fieult to define the borders of the difTerent units boLh laterally and verti­
cally. The single liLho Lratigraphic member hav~ more the character of
rock units of loeal development and a formal litha tratigraphie division
is therefore af littIe value in regional correlation. It is therefore preferred
to base the following deseription of the Blåi Formation on a regional
subdivision and the loeal facies development.
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The black pelites

On top of the dolomite shales of the Zigzagland Formation north of
Lappesø and below the lower greywacke dolomite succession, 20 to 30 m
thick black pelites occur. The pelites are strongly sheared and can be
traced into the black pelites at Vallen. South of Lappesø thin equivalent
black pelites can only locally be seen. Locally graphitic shales have been
observed.

The lower greywacke-dolomite succession

The lower greywacke dolomite succession occurs south of Lappesø
on top of the Zigzagland Formation with only thin local occurrences of
black pelites in between. North of Lappesø the black pelites form the 10­
wer boundary of the Blåis Formation.

The major part of the lower greywacke-dolomite succession comprises
coarse greywackes, with black quartz grains, in beds less than 1 m thick.
The grading is less distinct than in the graded greywackes, but never­
theless yields good indications of way-up in the locally strongly folded
succession.

Several bands of dolomite associated with black pelitic slates form
good markers and outline folds of an asymmetric to isoclinal style. The
greywackes are here affected by a strong cleavage associated with the
folding, hence they weather readily and as a result are poorly exposed. The
thickness south of Lappesø is possibly more than 300 m.
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A good stratigraphical sequence is seen north of Lappesø, where the
fold style is more open, and is not associated with the development of a
strong cleavage.

The lower greywacke-dolomite succession is here about 250 m thick.
The single beds are generally smaller than south of Lappesø, and the
whole succession thins northwards over a distance of a few hundred me­
tres towards the lake 2.5 km south of Vallen.

In the upper part of the lower greywacke-dolomite unit there occur
two 1 to 3 m thick dolomitic layers in association with black pelites of
varying thickness. The folding of these has led to a repetition of the layers.
Farther south, close to Lappesø, there seem to be several more of these
layers and they appear to correspond to the dolomites in the greywackes
south of Lappesø.

The mixed greywacke-semipelite-pelite succession

Eastwards, and at a higher structural as well as stratigraphic level
north of Lappesø, there follows a succession of pelites, banded semipelites,
units of graded greywackes, and occasionallybanded greywackes. The lower
boundary of this succession is a strongly tectonized zone - perhaps a
thrust zone - which separates the disharmonic folding found below and
above. This sequence of mixed rocks cannot be followed south of Lappesø,
but might continue northwards to Vallen into the corresponding sequence
of banded greywackes. However, except for a few large units of coarse
graded greywackes which are traceable into the banded greywackes at
Vallen, this cannot be proved in the field because of bad exposures.

This whole mixed greywacke-semipelite-pelite succession occurs
within a large recumbent fold.

The graded greywackes

The graded greywackes, which as a sedimentary unit extend from
the east coast of Lappesø to the Sioralik glacier, differ in the Lappesø
area only slightly from the better preserved graded greywackes farther
north. The tectonic conditions in this southern area have imposed a strong
schistosity on the rocks in which it is difficult to distinguish sedimentary
features, apart from the grain size variations forming the grading.

It is characteristic especiaIly of this area that one, or perhaps two,
conglomerate units occur. The two occurrences of conglomerate might re­
present the two limbs of a fold, of which the closure has been overridden
by the main structural division of the pillow lava thrust sheet (see plate
11). The conglomerates are oligomictic, tilloid paraconglomerates (PETTI­

JOHN, 1957, p. 265), less than 5 m thick, made up of scattered cobbles
and boulders up to 30 cm in their longest axis in a matrix of coarse grey­
wacke. All the boulders examined were cherty quartzites, very similar in
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Fig. 31. Banded and laminated black pelite· in the lower part of the Blåi Formation.
Minor slumping occurs in the layer below the lens. An • cleavage intersects the ex­

posed face obliquely. Location immediately south of Vallen.

rock type and in their ub-rounded shapes to the boulders found in the
Ore-Conglomerate Member of the Zigzagland Formation. In addition a
few units of pebbly greywacke and a unit containing fragments of shales
have been found.

Abundant pyrite mineralization is characLeristic of the nIåis For­
mation in this area (see p. 56).

'1'he area around Vallen
1'he black pelites

1'he area around Vallen offers the best conditions for' detailed studies
of the Blåis Formation, as deformaLion is either absent Ol' very weak.

Just to the north and south of Vallen, black pelites rest conformably
on top of ·Lhe Zigzagland Formation. Farther south this border is ob­
scured by thrusting (see p. 162). 1'he thickness of the black peIites varies
from approximately 200 m aL Vallen to le than 100 m 3 km to the south,
where the Iower greywacke-dolomite succe 'ion of the outhern area be­
gins to thicken.
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The lower part of the black pelites is usually rusty due to weathering
of pyrite and the shales are often carbonaceous. Higher in the black pelites
banded and laminated sedimentary structures with minute laminae less
than 1 mm thick make up larger units of lighter or darker colour (fig. 31).
These bands often show sedimentary deformation in the form of small­
scale folding and convolute bedding. Varved gradations have also been
observed. Thin bands of semipelite or even psammitic material occur to­
wards the top of the member.

The banded greywackes
There is a gradual change from the fine-banded division of the black

pelites to the banded greywackes with a progressive incoming of fine
clastic material and up to 25 cm thick layers of coarser clastic material
(silt to medium-grained sand). These clastic layers alternate with the pe­
lites giving rise to a banded sequenee. Single bands of this sequenee may
be very persistent and ean be followed for several hundred metres with
only slight variations in thickness.

The thickness of the banded greywackes varies from less than 100 m
at the south coast of Vallen to nearly 300 m 3 km farther to the south.

Banded greywaekes as a mappable unit eannot be established north
of Vallen although thin bands, and banded pelites similar to the gradatio­
nal succession in the upper part of the black pelites, are found.

The banded greywackes may possibly be correlated with the mixed
greywacke-semipelite-pelite succession north of Lappesø as has been men­
tioned on p. 74, since a mappable succession, dominantly of pelites and
semipelites with a few minor greywacke units, occurs in the upper part
of the banded greywackes.

The graded greywackes

The border between the banded greywackes and the graded grey­
wackes is sharp (fig. 32). The sediment just below the border is a dark ban­
ded semipelite with a few minor greywaeke units. The graded greywackes
then begin with a 2 m thiek eoarse, light greywacke unit whieh ean be
followed for 2 km to the south coast of Vallen. North of Vallen a similar
light, coarse greywacke unit forms the base of the graded greywaekes
overlying the blaek pelites. The thickness of the graded greywaekes north
of Vallen is 600 m and the exposed thickness south of Vallen only a littIe
more than 200 m.

The graded greywaekes in both northern and southern areas are eha­
racterized by the thick units of coarse, clastic material (fig. 33). Often
coarse sand or even pebbles occur at the base of a unit and grade into
medium sand which is usually dominant. In their upper parts the graded
units terminate in fine silty, more rarely pelitic, material.



Fig. 32. The boundar 7 between lhe somipelites of lhe bandod greywaekes (below) and the graded gl'eywaekos (above) in the upper
part of tho Blåis Formation. The light unit at the base of the graded greywaekes ean be followecl lo lhe eoast of allen. Loealily 2.5 km

south of Vallen. In the baekgrouncl the lerminal moraines of Blåi en ean be soen.

__1
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Fig. 33. Graded gr'eywaekes in the upper part of lhe Blåis Formation in the south
earner of Vallen. The light bands are eoarse greywaeke and the dark bands the
peIitic uppermost parl of lhe units, The units in the foreground are from 1 to 1.5 m
lhiek. In the background outcrop pillow lavas al Blåisen east ofVaIlen, and in the far

background the Fønland pillow lava plateau ean be scen.

Loeally lenses and streaks of fine material oeeur in the single uniLs
and eoarse material ean also be found in loeal eoneentration , giving rise
to reverse grading and composito layering within a unit.

Tilo thickness of tlle single units varies fr'om 1 to 3 m. They are of
w.ide horizontal di tribution (of tbo order of kilometre ) buL are difficult
to trace if not followed foot by foot as they are not readily di tinguished
from eaeh othel'; only one unit, which contains shale fragments and a few
uniLs with pebbles of chert, may be ea ily LI'aeod.

The southern part of Grænscsø

The blaek pelites

The black pelites just south of Grænsesø rest conformably on the
Zigzagland Formation. They al'o hore generally not les than 200 m thick.
Although for the most part they are similar to the pelites fartber south,
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a greater number of banded semipelitic intercalations are found. In this
area practically no deformation is apparent apart from a few open folds,
and the pelites therefore have the appearance more of shales compared to
the somewhat slaty character of the equivalent rocks south of Vallen.

Along the east coast of Grænsesø the black pelites are lacking in the
southern part, where graded greywackes rest directly on the gneisses, but
they reappear 3 km farther north.

The "wildflysch" -arkose unit

Between 50 and 75 m above the base of the black pelites there occurs
an important unit of coarse arkose conglomerate, here termed the "wild­
flysch" -arkose unit because of its apparent genetic connection to move­
ments in the sedimentary basin and its coarse-grained character.

It is 15 m thick at Grænsesø, which is the northernmost occurrence,
and it can be followed southwards for approximately 2 km gradually
thinning so that close to Vallen it is only 1 m thick.

The "wildflysch"-arkose unit consists of unsorted material ranging
from fine pelitic to coarse grains of angular feldspars and quartz, and
pebble-size fragments. The unit also contains angular blocks of shales,
calcareous rocks, quartzites, gneisses and rounded boulders of dense
quartzitic cherty material (fig. 34). The angular blocks of shale, quartzite
and calcareous rocks can easily be correlated with corresponding rock
types of the sediments of the underlying Zigzagland Formation, and the
rounded boulders are of the same character as those found in the basal
conglomerate of this part of the area. The gneiss components, in spite of
strong disintegration, seem to be of the same varieties as outcrop around
southern Grænsesø. Large aggregates of plagioclase feldspar, strongly
veined and broken with bent twin-lamellae, are an important constituent
in the unit close to Grænsesø; no feldspar rocks of this type are known in
situ in the area.

It seems probable that this unit has been formed as a consequence of
movements (faulting) in the sedimentary basin, such that all the rocks
below the surface of deposition have been exposed to erosion and trans­
port. In most of its characters the unit recalls the olisthostrome deposits
of the Mediterranian Mesozoic (GORLER and REUTTER, 1968, p. 484). A
further discussion of the significance of the "wildflysch"-arkose appears
on p. 133.

The grade d greywackes

As mentioned before, a light graded greywacke unit has a sharp con­
tact with the blqck pelites. This cannot be definitely correlated with the
basal unit south of Vallen.

185 6
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Fig. 34. The "wildflysch" -arkose unit in the black pelites north of Vallen. The ex­
posure shows the lower part of the unit densely packed with fragments of various
sediments of the Zigzagland Formation and gneiss; x) a gneiss boulder, y) a boulder
of the same type as found in the Ore-Conglomerate Member, z) angular fragments
of the Dolomite Shale Member, w) a quartzitic sediment and q) a large angular

gneiss block. The majority of the smaller fragments are gneiss.

There is littIe difference between these rocks and the graded grey­
wackes at Vallen. However, the general impression given is that the units
are thicker (up to 7 m) and that coarse sand and small pebbles play a
comparatively larger role. A prominent feature in this area is the occur­
rence of lensoid (10 to 25 cm long) patches of loose unconsolidated grey­
wackes oriented parallel to the bedding (fig. 36).

A mappable levelof pelites and semipelites about 100 m from the
base serves as a good guide horizon.

The thickness of the graded greywackes is 225 m just south of
Grænsesø. This is probably not the complete thickness, as it is possibIe
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that the Bæversø fault traversing the area is responsibIe for the burial of
part of the succession.

On the east coast of the southern part of Grænsesø graded grey­
wackes rest directly on the gneisses. It is uncertain whether this contact
is primarily tectonic or sedimentary. There is evidence of some move­
ments but on the small peninsulas a littIe farther north (see p. 68) the
Dolomite Shale Member of the Zigzagland Formation is autochtonous on
the gneisses and it seems unlikely that there are major thrusts along the
sediment-gneiss border. There is, however, a possibility that transgressive
thrusts from higher in the sedimentary series may transgress downwards
as far as the border in this region; tectonized zones are fairly frequent at
higher stratigraphical leveIs.

The graded greywackes on the east coast of southern Grænsesø are
only 40 to 50 m thick and towards the top there are progressively thicker
pelitic intercalations, which are usually strongly sheared. These grade
into the pelites of the lower Grænsesø Formation which suggests that the
border between the BIåis Formation and the Grænsesø Formation is here
parautochthonous to autochthonous; this is in contrast to most other
localities in the area, where a structural discordance is apparent between
the disharmonically folded sedimentary structural division and the pillow
lava structural division (which includes the Grænsesø Formation). This
is also the only locality where the upper border of the BIåis Formation ap­
pears to exist.

The area around the northern part of Grænsesø

The BIåis Formation is only partly exposed in this area as the pillow
lava main structural division in places is in contact with the graded grey­
wackes, and in other places with the black pelites and the upper part of
the Zigzagland Formation.

The black pelites

The black pelites are exposed all along the northern part of Grænsesø
where they rest conformably on top of the Zigzagland Formation. Their
thickness is estimated at about 120 m.

The black pelites are here generally rusty in colour and occasionally
banded. In the lower part carbonaceous horizons are present.

The graded greywackes

A strong schistosity associated with the folding dominates the graded
greywackes and it is difficult to distinguish the single sedimentary units.
However, the general impression is that the units are smaller than at

6*



84 ERLING BONDESEN

Vallen and the grain size generally less. The grain size In some units,
however, is in the coarse sand and pebble fraction.

A conspicuous feature is that black quartz, as in the southernmost
area, again plays an important role. Some units contain pebbles of chert
(dominantly black) and others contain well rounded pebbles of a rusty,
porous quartzite or chert, similar in appearance to the boulder material
in the Ore-Conglomerate Member of the Zigzagland Formation. A few
units containing angular fragments of shales have been found.

The greatest thickness of the graded greywackes in this part of the
area is approximately 160 m.

Microscopic characteristics

The rocks of the BIåis Formation represent a highly varied sequence, ranging
from fine pelites of various types, and dolomites, to coarse greywackes and conglome­
rates. Although similar in hand specimen, rocks of single layers may differ in respect
to mineralogy and quantitative data. Detailed and thorough examinations would
therefore require a systematic sampling, a programme which time did not allow. The
sampling in the field was therefore designed to secure a representative collection, cove­
ring petrological and sedimentological as well as metamorphic and deformational
features. The folIowing section is merelya presentation of observations from the col­
lected material, inc!uding some quantitative information.

The greywacke samples and other samples from the BIåis Formation show some
variation in composition (table 4) and grain size (fig. 35), as the proportions of rock
fragments, stable c!astic minerals of the sand fraetion and the matrix material vary.
The rocks point-counted in table 4 and granulometrically examined are mostly coarse-
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Table 4. Modal composition of greywackes from the Blåis Formation

20827 52950 52964 52974 52980 52981 52992 53011 53050 53051 53129 51910

Quartz .................... 54.1 8.8 21.6 28.1 26.7 4.5 44.3 53.1 41.7 14.2 35.9 48.0
Plagioclase ................ 0.4 0.5 0.9 2.5 2.0 0.3 2.5 3.1 2.2 0.6 0.7 2.4
Microcline ................. 1.7 2.2 0.3 6.5 1.7 0.5 4.0 2.7 0.2 2.8 Ul

c+...,
Dark min.................. 1.3 1.0 0.8 1.0 0.9 0.6 11.9 il'

C-
Ore ....................... 0.4 1.1 4.5 0.8 1.0 1.0 1.0 0.2 0.6 1.0 2.6 (Jq...,

il'
'"O

Chert .................... 7.5 6.0 1.0 10.5 ::o"
"<

Carbonate rock ............ 4.5 1.4 2.4 il'
::;

Shale ..................... 0.3 26.4 0.5 2.4 2.5 p..

Others .................... 8.5 3.5 31.9 17.2 8.0 3.9 5.6 tj
ro-o

54.7
...,

Matrix .................... 26.6 51.8 57.6 60.0 59.5 30.0 26.0 30.6 72.3 42.0 51.0 8
il'
c+

Muscovite ................. 0.2 0.2 0.2 0.5

l
2.7 o'

::;

Chlorite ...................

=} { 0.6 1.8 1.5 3.4 5'
Epidote ................... 8.4 2.5 2.6- Q

Actinolite ................. 0.2 21.4 æ
::;

Calcite .................... 1.3 0.3 1.3 1.1 16.2 1.3 5.3 I rn
ro

Biotite .................... 0.3 7.8 0.1 2.6 ~

J
::;

Others .................... 2.0 1.7 0.4 1.4 1.9 0.3 p..

100.0 100.01 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Grain curve (fig. 41) ........ * * * * *
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grained rocks with well preserved textures. The pelitic and semipelitic samples gene­
rally show strain features of tectonic origin under the microscope, and the quantitative
data are therefore not comparable.

The grain size distribution analyses show that the sorting in some cases is com­
paratively good and the matrix proportion below 0.05 mm rather low. However, the
matrix proportion is generally high and the calculated cumulative curve flat-Iying,
which indicates bad sorting. The samples 52950 (plate 40 a) and 529540 show a complex
cumulative curve trend, which could indicate (as no layering is apparent) that several
different fractions are present.

This may be caused by a mixture of aIready separated grain fractions as would
be the case in the conglomerate units where boulders and cobbles form one fraction,
coarse to medium sand a second, and matrix a third fraction.

The grain shapes of both mineral and rock fragments range from angular to
perfectly spherical.

Among the fine-grained rocks the pelites, (53028 and 53129, table 40) and the
semipelites (20826, 20828 and 53051, table 40) exhibit microscopic sedimentary layering
(53129 with 0.5 mm between the layers) with syntectonic growth of muscovite oblique
to the bedding and corresponding to the S2 cleavage. The sedimentary lamination is
expressed by a concentration of opaque material (ore and carbonaceous matter) and
also muscovite and chlorite. Under the microscope the layering is in the form of gar­
land-structures or small folds which are apparently a primary feature pre-dating the
growth of the secondary metamorphic minerals.

In the more coarse-grained rocks the textures are dominated by the coarse,
clastic grains. In some samples (52981,53050, plate 5a) syntectonic growth of micas
occurred in the matrix and resulted in a lensoid texture around the primary clastic
grains; in some cases there has evidently been subsequent rotation of the clastic grains.
A possibIe primary orientation of the clastic minerals has also been observed.

Recrystallization of grain boundaries occurs and the matrix material is generally
completely recrystallized. Cataclastic textures are rare.

The primary sedimentary coarse clastic grains are dominantly quartz, showing
undulate extinction. Both dusty and clear (mostly angular) quartz grains are found.
The feldspars are plagioclase and microcline, with the latter generally dominant
(table 40).

The dark minerals found as larger primary grains are amphibole, pyroxene?,
epidote, sphene, biotite, ore, zircon? and apatite.

Among the rock fragments chert, shale and carbonate rocks, found as clusters of
recrystallized carbonate, are the dominant rock types, but carbonaceous shale and
ore-bearing chert have also been observed. No fragments which could be interpreted
as igneous have been observed.

The matrix is wholly made up of microcrystalline quartz and secondary meta­
morphic minerals. The latter are muscovite, chlorite, epidote, needles of actinolite?,
biotite (locally), carbonate and finely dessiminated opaque material. Small patches of
feldspar (n < neb) and simple twinned albites are also found.

The recognition ol greywackes

The term greywacke is, as pointed out by PETTIJOHN (1957), ane af
the most troublesome in geology. It is widely used with respect to rocks
similar to the original Harz greywacke (of Devonian and Carboniferous
age), a rock of sub-angular and angular quartz grains, some feldspars and
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rock fragments in a fine matrix. The term has also been used for coarse,
clastic sediments, originating by the disintegration of basic igneous rocks
(TWENHOFEL, 1926), and for the rocks of specific textural (BOSWELL, 1960)
and structural types (McBRIDE, 1962; PACKHAM, 1954; BOUMA, 1964) but
of variable composition. In this last respect the term becomes useful in
the field for banded and graded successions, but difficulties with com­
positional definition are raised.

PETTIJOHN regards greywackes as sandstones with 1) more than 15°/0
matrix (fine-grained chlorite and sericite) and 2) more than 25 °/0 unstable
comp6nents (rock fragments and feldspars). McBRIDE (1962) proposed a
modification, which brought many greywackes so-named in the field
within the definition: 1) more than 15 Ofo chlorite-sericite matrix, and
2) more than 10 °/0 unstable, fine-grained rock fragments, and 3) more
than 5 Ofo feldspars.

The composition of the "greywackes" examined shows that only two
samples out of eleven are greywackes, according to the definition of
PETTIJOHN, and only one according to McBRIDE'S modified classification.
All the samples fulfil the requirements as to the proportion of matrix and
are close to the feldspar content required, but the proportion of rock frag­
ments varies considerably. Taking the large quartz proportion into con­
sideration, many of the rocks could be classed as sub-greywackes or pro­
toquartzites and, in view of the amount of rock fragments, many could be
termed lithic greywackes (PETTIJOHN, 1957, p. 291).

The author has thus encountered the same difficulties as many other
geologists, in that the field term for a group of rocks does not strictly
correspond to the term defined on composition. Recognition of greywacke
in the field was based on textural relations, the occurrence of scattered
coarse, clastic grains in a fine matrix, and the structural characteristics.
The terms graded, bedded, banded, laminated or homogeneous were used
to describe these rocks and also the semipelites and pelites.

Greywackes are a widespread group of sediments, difficult to classify
because of their apparent genesis, which fundamentally differs from nor­
mal transportation, sorting and sedimentation which provide the primary
basis for sedimentary classification. In this respect the same difficulties
are encountered with tillite and moraine ; these would be impossible to
classify on percentage limitations for the different components. Grey­
wackes have been interpreted by several authors as deposited from tur­
bidity currents and, as with moraine and till, they are therefore dependent
compositionally on the source material.

Greywackes accordingly have often been termed turbidites. It is
preferable, however, to avoid the usage of genetic terms. The classification
of sediments in relation to their tectonic environment as syntectonic
(flysch) and post-tectonic (molasse) (DE SITTER, 1962) is in principle pre-
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ferable if their setting is sufficiently known, and would include rocks
otherwise difficult to classify e.g. the alpine flysch. However, the use of
these terms entails a complete analysis of the kinematic evolution of the
sedimentary basin and its surroundings and they should be restricted to
final and general syntheses. They are therefore of littIe value in most de­
scriptions and would lead to misunderstanding and misinterpretation
when based on small areas.

The author has therefore preferred to employ the term greywacke as
defined on textural relations and structural characteristics in accordance
with PACKHAM (1954), BOSWELL (1960) and McBRIDE (1962).

Sedimentary structures

The most conspicuous sedimentary structures are lamination, ban­
ding and graded structures. Lamination on the scale of millimetres is re­
stricted to the pelites. This minute bedding often exhibits a garland
(festoon) structure and minute convolutions apparently caused by consoli­
dation and load (fig. 31). Other load cast and slump phenoma have fre­
quently been observed. Varved structures occur occasionally in the pelites.
Grading is a dominant feature of the coarse sediments, and single units
may be as large as 7 m which seem to be exceptionally large units (PETTI­

JOHN, 1957, p. 112). Often the units contain irregular patches and streaks
of either coarse or deformed pelitic material. Reverse grading, not so
distinct as the normal greading, has been observed within the units.

Slumps, casts and other sedimentary deformations are rare outside
the black pelites and have only been observed in a few cases in banded
greywackes. It is surprising that substratal sedimentary structures cha­
racteristic of the turbidity current deposition of graded sediments are
completely unknown in the graded greywackes of the area. An explana­
tion might be that the basal surfaces of the graded units have rarely been
observed exposed, since the well preserved units are always right-way-up,
and that the cuesta shapes never perrnit an examination of the bedding
planes from below. However, if substratal sedimentary structures existed,
deformation of the pelitic top of the unit previously deposited would be
expected. As this often shows very fine banding and such deformation
therefore would be easily visible in section, it is suggested that substratal
sedimentary structures were not developed.

The lensoid patches of unconsolidated greywacke mentioned on p. 82
(fig. 36) range in length from 10 to 25 cm. The sedimentological significance
of this phenomenon is uncertain. In one case a shale fragment was ob­
served centrally. It might therefore be possibIe that it is a secondary so­
lution phenomenon around unstable particles of a chemical composition
contrasting to that of the surrounding sediment.
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Fig, 36, Lensoid palches of loose badly ccmcntccL grcywacke in a large greywacke
unit. Locality immcdiateJy south of Græn eso.

Summary and intcl'})rctation of the greywacke and pelite

The sedimentary variation in the Blåis Formation bctwccn pelites
emipelites, banded greywackcs and graded greywackes eem to represent

facie ehanges both laterally and verti ally.
The two basins existing dUl'in cr dcposition of the Zigzagland Forma­

tion still prevailed, although the dividing ridgc in outhem Græn esø was
tran gres ed high up in the gl'ad d crreywackes and the two ba jns wer'e
thus connected. The general vel'tical facies changes eem to be the ame
on both ides of the ridcre except in thc southern part of the 'outhern basin
whcre the lowel' greywacke dolomite succession represents an exception.
The lateral facie ehanges in the southern basin tend to show a general in­
crease in the grain size away from the ridge in the lower part of the for­
mation. The upper part, represcntcd by the graded greywacke , seems to
have a genel'al decrease in grain size as well as thickness af the units.

The "wildflysch"-arko 'e unit, and the changes in thickne s around
the southcr'n pal't of Grænsesø, how that the sedimentation took place
under' unstable condition where paroxysmal movements neal' tha di­
viding r'idge, and pos ibly al o at other localities, influenced the sedi­
mentation. Such conditions ,"vould favoUl' thc formation of turbidity
current , and it is therefore probable that the araded gr'eywackes repre­
sent turbidite units. The exi tenee of grading, the textural relations, the
angular grain shapes mixed wi Lh more rounded hapes, and the existenee
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of rock fragments and unstable minerals, also suggest a turbidite origin
for the graded greywackes. A tilloid paraconglomerate, as found in the
Lappesø region, is by PETTIJOHN (1967, p. 266) interpreted as areliable
indication of turbidity flows.

The probable lack of substratal sedimentary structures would be
explained if the turbidite suspensions were propagated in water without
contact with the sea bed. This would lead to comparatively quiet sedi­
mentation as the speed of the suspended material diminished. This would
imply rapid variations in the inclination of the sea bottom for which,
however, no direct indications have been found, except for the dividing
ridge between the two basins.

The association of greywackes with calcareous rocks is mentioned by
PETTIJOHN (1957, p. 312) as a rare phenomenon. This, however, is quite
commonplace in the region around Lappesø in the southern basin. The
author considers that the explanation may be found in the calcareous
rocks being the indigenous sedimentary accumulation in the southern part
of the basin, while at intervals turbidity currents brought in external
material. The equivalent sediment in the northern part of the basin is
represented by the black pelites in very thin and possibly slowly accu­
mulating laminae. This view might explain the gradual increase in
number and thickness of the calcareous bands towards the south, and
also the alternation between carbonate rocks and pelites, especiaIly pro­
minent in the area north of Lappesø. It should in this connection be men­
tioned that the black pelites in the area south of Vallen locally include
thin calcareous bands, which are the northernmost occurrence of the
calcareous facies.

In the source area of the material for the graded greywackes gneissic
basement cropped out, from which the grains of strained quartz, plagio­
clase and microcline are thought to derive. Rounded quartz grains, car­
bonate, shale and chert fragments, and boulders of chert or quartzite
suggest that sediments also provide a source. These could have been con­
solidated sediments exposed for erosion fault movements or, with respect
to rounded grains and loose boulders, unconsolidated material from regions
of other sedimentary facies. The wide occurrence of chert seems to be of
the same significance as in the quartzites of the Zigzagland Formation
(see p. 67 and 129).

The Grænsesø Formation
Occurrence

Throughout the whole area, from the Sioralik. glacier to the Arsuk
glacier, a thin sequence of strongly varying sediments comprising dolo­
mites, pyritic shales, carbonaceous shales, and cherty quartzites, is found



Fig. 37. The Grænsesø Formation aJong the ca t coast of the middle part of Grænsesø. The photograph illu. trates well thc general condition
of exposure. In the foreground the dolomiLic shales of the Zigzagland Formation (A) and above the screc lensoid bodies of dolomite in

black carbonuceous shales. Large basic sills are indicated (y) and on the tops of the hills there are pillow lavas of the Foselv Formation.
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at the base of the main structural division of the pillow lavas. The sedi­
ments have partly been mapped collectively and are described under the
name of the Grænsesø Formation, after the lake Grænsesø along the east­
ern shore of which the formation is typically developed and well ex­
posed. The Grænsesø Formation has been intruded by sills.

The sediments are strongly deformed in contrast to the practically
undeformed overlying pillow lavas, and they are also in strong structural
disharmony with the graded greywackes of the Blåis Formation below.
They are nearly always exposed in the escarpment between the high
pillow lava plateau and the lowland sedimentary country (fig. 37). As a
consequence, the lower part of the Grænsesø Formation is usually ob­
scured by screes.

Good exposures also occur in Fønland in a few open valleys which
represent the eroded crests of anticlinal culminations. South of Vallen,
the pillow lavas disappear under the Blåisen tongue of the Inland Ice,
but the ice topography and a small nunatak indicate the approximate
location of the escarpment. From south of Blåisen to Foselv, the Grænsesø
Formation is partly exposed in the escarpment and partly in a narrow
valley which penetrates the pillow lava plateau.

The region between Foselv and the Arsuk glacier on plate 11, indi­
cated as Grænsesø Formation, has been shown by PEDERSEN (1968) to be
not entirely Grænsesø Formation but in its lower part also to include
Zigzagland Formation. The Grænsesø Formation in this part of the area
may therefore be relatively thin.

In the southern part of Grænsesø, the Grænsesø Formation appears to
occupy a parautochthonous position on top of the graded greywackes
(p.83). At other localities it rests in contact with different members of a
lower stratigraphical position and is judged to be allochthonous. In the
latter cases the actual tectonic contact was usually obscured but the
structural discordance is clearly evident from the geological map.

The thickness of the Grænsesø Formation, excluding the major in­
trusive sills, shows some variations (fig. 38). The thickness of the forma­
tion has been estimated in the field from localities with relatively simple
folding, but even so there are possibilities of considerable error due to
t€ctonic migration of the incompetent material and boudinage of the
more competent layers. Thrusts mayaIso cause variations in that smaller
or larger parts of the Grænsesø Formation may locally be lacking.

The Grænsesø Formation seems to be relatively thin in the northern
part of the area as a whole, possibly a littIe more than 50 m thick, but
seems to thicken considerably in the immediate vicinity of the Sioralik
glacier. In the southern part of Grænsesø, the formation reaches its
greatest thickness of 100 m but the thickness again decreases towards
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Vallen. South of Blåisen and near Lappesø until Foselv, only 20 to 40 m
of sediments are present. As mentioned above, the Grænsesø Formation
south of Foselv may be relatively thin.

The detailed stratigraphy of the Grænsesø Formation has proved very
difficult to establish. The dolomite bands in the pelitic material are mostly
boudinaged and broken, and the pelites have migrated into folds. The best
opportunities for stratigraphic studies are afforded by thick dolomite
bands as these are often folded in a simple concentric manner.

The lowest known part of the formation at southern Grænsesø com­
prises black pelites which grade downwards into greywackes (see p. 83).
The pelites become carbonaceous and graphitic higher up in the succes­
sion where they are also interbanded with thin bands of dolomitic rocks.
The dolomitic proportions increase upwards with a development of 20 to
100 cm thick layers, which at a slightly higher level dominate over the
graphitic pelite bands and occur as massive dark grey to black dolomites
transected by numerous small quartz veins and weathering to a grey or
yellow colour. Small siliceous bands indicate the bedding of these other­
wise homogeneous dolomites.

In the upper part of the succession the dolomites give way to bands
of carbonaceous pelite and pelitic shales again become dominant. To­
wards the top of the sequence isolated dolomite bands occur and black
chert becomes more and more frequent either as 1 cm thick bands in a
strongly silicified dolomite, or as thicker massive beds. In this upper part
a coarse crystalline dolomite with black spheres of 1 mm diameter has
been found in two localities by the author in the northern and southern
parts of Grænsesø. The black spheres are organic structures and have been
described under the name Vallenia by K. RAUNSGAARD PEDERSEN (BON­

DESEN et al., 1967). K. RAUNSGAARD PEDERSEN in 1966 found a new
locality of this fossiliferous dolomite in Grænseland between the two ori­
ginallocalities, and A. K. HIGGINS found the same rock in the Midternæs
area 22 km north of the type locality which is situated at the south-east
corner of Grænsesø in Grænseland. It is thus possibIe to establish "bio­
stratigraphic" correlations of the upper Grænsesø Formation over a con­
siderable area.

In general a triple division of the Grænsesø Formation can be esta­
blished : a lower part dominated by carbonaceous pelites, a middle part
characterized by massive layers of dolomite, and an upper part of mixed
pelite and dolomite, including the Vallenia layer, and with cherty quart­
zites above. In the southern part of the region, however, a new sedimen­
tary unit appears above the cherts, namely a rusty shale layer. This layer
is first encountered south of Blåisen above a thick sill and increases in
thickness towards the south. At Foselv it is more than 30 m thick. South



I Stratigraphy and Deformation in Grænseland 95

of Foselv the rusty shales are found in between massive intrusive rocks.
The rusty nature of the shales is due to a high content of pyrite and they
have therefore been termed the pyritic shales.

Microscopic characteristics

The pelites are exemplified by sample 52971. The rock is very fine-grained black
and smearing. No sedimentary structures are visible. It consists of a fine greyish-black
semi-opaque mass in which a few quartz grains and some flakes of colourless mica are
seen. The black semi-opaque material is carbonaceous.

The dolomites are of black to grey types (20863, 20907,53069) and consist mainly
of carbonate (ca. 90%), quartz (10%), alittle plagioclase (albite) exhibiting simple
twinning and a colourless mica (muscovite). In samples 20863 and 20907 disseminated
black opaque (carbonaceous) material is seen. A few idiomorphic ore grains (pyrite)
also occur. Quartz veins and carbonate veins are common. In quartz veins the crystals
seem to be oriented perpendicularly to the plane of the vein.

Chemical analysis of a dolomite (52969) from the area north of Grænsesø gave:
22.5% CaO and 13.0% MgO corresponding to a composition of 59.7% MgCa(C03).

and 7.5% CaC03 ; 38.!.0/0 of the rock was insoluble.
The Vallenia rock (plate 5b), of which numerous thin sections have been made

(BoNDEsEN et al., 1967), consists dominantly of twinned carbonate minerals in a
eugranoblastic saccharoidal texture. The avarage grain size is about 1 mm. The carbo­
nate minerals are in the proportions of approximately 55"/0 MgCa(C03). and 10"/0
CaC03 with possibly a little of the FeC03 molecule in calcite as well as dolomite (as
determined by X-ray diffraction methods). Most carbonate grains are pure and have
recrystallized across the borders of the globular organic structures. Some carbonate
grains contain a dusty pigmentation of opaque material. Small quartz grains occur
locally between the carbonates and also in concentric arrangements within the organic
structures. A few larger 0.5 mm rounded quartz grains could be of c1astic origin.
Colourless micas (muscovite) are found randomly scattered and.a little nonpleochroic
chlorite with brownish anomalous interference colours also occurs. A few plagioclase
grains are found.

The opaque material is dominantly carbonaceous but a few idiomorphic pyrites
have been observed. Isotopic composition of CU /C13 from carbonate as well as carbo­
naceous matter have been published earlier (BoNDEsEN et al., 1967).

The cherts are exemplified by samples 53060 (plate 6 a) and 53114 of which
the first is an intraformational breccia consisting of 0.5 to 1.0 cm wide broken black
chert layers in a black siliceous dolomite. The chert in both samples is made up of very
fine (0.02 mm) eugranoblastic quartz grains, a few scattered ore grains and widely
distributed black semi-opaque carbonaceous material.

The pyrite shale from the southern part of the area has not been examined in
thin section.

A number of the dolomite samples have been subjected to a varying degree of
contact metamorphism against a large Gardar dolerite in the southern part of Grænse­
sø. The samples 20882, 20902A, B, C, D, generally consist of carbonates, veins of anti­
gorite serpentine, chlorite, quartz and plagioclase. The serpentine may be concentrated
in veins, but ean generally be seen to have been derived from the carbonates, of which
relic corroded grains occur. In sample 53059 from the contact with a large Gardar
dolerite north of Grænsesø an undetermined mineral of similar optic properties to
olivine has been found in the strongly altered rock.
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Summary and character

The Grænsesø Formation is as a whoIe characterized by the occur­
rence of carbonaceous materiaI which suggests abundant biological ac­
tivity during the sedimentation, and the existence of organisms has been
demonstrated (Bondesen et aL, 1967). Examinations of the content of
carbon isotopes (C12/CI3) by O. J 0RGENSEN (BONDESEN et aL, 1967) has
shown that the carbonaceous and carbonate material was originally of
organic origin. Paraffins have been demonstrated to oceur in the car­
bonaeeous material (PEDERSEN and LAM, 1968). Euxenie eonditions may
therefore have prevailed from time to time as organic substanees are
preserved.

Despite possibIe errors of measurement it is the general impression
that the Grænsesø Formation developed in different thiekness which
could correspond to deposition in small basins or depressions. However,
the variations could also be due to a form of reef construction if all the
dolomite eould be regarded as of biogenetic origin. Several of the "boudin"
struetures are of a curious Iensoid shape whieh might eorrespond to
original eolonies of lime-precipitating organisms. Erratics of very Ioeal
origin with stromatolite struetures (BONDESEN et aL, 1967, plate 11)
have also been found in the Grænsesø Formation.

However, it is likely that a eomplex sedimentation of biogenic Iime­
stones and preeipitated limestones in an euxenie milieu, such as found in
the Cambrian and Lower Ordivieian deposits on the Scandinavian shield,
may be responsibIe for the sedimentologieal development of the middle
part of the Grænsesø Formation.

The appearance of chert in the upper part of the Grænsesø Formation
could also be aresult of biological aetivity as the blaek chert contains
numerous threads and filaments of organisms. The oceurrence of ehert
is also eonsistent with euxenie conditions and so are pyritic shales (PETTI­
JOHN, 1957). The relations to ehert found in other parts of Vallen Group
and the role of chert will be diseussed later (p. 129).

The larger sills have mainly been intruded along the levelof the
cherty quartzites.



THE SORTIS GROUP

The Foselv Formation

The Foselv Formation can he divided into three memhers:

A. The Lower Pillow Memher
B. The Anthraeite-Carhonaceous Shale Member
C. The Upper Pillow Member

The lower houndary of the Foselv Formation is taken as the appea­
ranee of the first pillow lavas. This horder is geologieally well defined over
most of the area, although large sills often intrude at the horder and may
obscure this otherwise readily traceahle feature.

The upper horder is marked hy a large thrust zone ahove which pil­
low lavas have not heen found. The trust zone marks the horder hetween
the two main eastern structural divisions (see p.15). The importance of the
thrust is unknown, hut it is evident from the mapping that the eastern­
most main structural division south of Foselv transgresses the pillow
lavas so that parts of the Foselv Formation may here be hidden. Most of
the Foselv Formation outcrops in Fønland where the thickness is esti­
mated at ahout 1000 m (fig. 11).

Å. The Lower Pillow Member

The Lower Pillow Member comprises approximately the lowermost
300 m of the Foselv Formation.

The upper houndary of the member is defined by the oecurrence of
the Anthracite-Carhonaceous Shale Memher which, however, in Fønland
in places reaehes close down to the upper boundary of the Grænsesø For­
mation. Considerable variations in thickness are thus apparent.

The pillow lavas are developed in the classie manner and are gene­
rally mostly of similar dimensions, viz. from 1 to 1.5 m long (fig. 39).
The pillows, which are always well developed and are only occasionally
slightly deformed, possess a hlackish-green outer erust in which small
cooling fissures can he seen. The central part of the pillows is a light green
rock generally with tensional cooling fissures, radiating from the lower cen­
tral part towards, hut rarely through, the upper erust. The fissures are

185 ?
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Pig. 39. Typical pilIow lava from the Lower Pillow Member of thc 1<'0 elv Formation.
The pillows are closely spaced and only very liUle interstitial maLel'ial is found betwecn

Lhe pillows. Locality west of Frynsesø in Fønland.

often filled with quartz and calcite but mayaIso be open. In one fissure
axinite has been found (BOND~SEN and PETER E ,1965). The spaces
between the pillows are very small, and may be filled in by quartz
and carbonatc. Occasionally fine debris, apparently of crustal maLerial,
occupies the spaces.

Locally in the lower part of the Lower Pillow Member an unu ual
development of mall pillow structures has been encountered (fig. 40).
Thc pillows are ituated in a relatively abundant matrix af caar e pyra­
clastic material. The shape. of these pillows ean be irregular and they
often possess an apen central cavity that is occasionally coated with quartz
and calcite crystals. The pillows are made up of extremely fine-grained
gl'eenish material and have a uark-caloured crust and a lighter colourecl
centre.

Besides the pyroclastics no sediments have been observed in the
Lower Pillow Member. However, large lensoid sheets of sub-horizontal
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Fig. 40. Small amoeboid and irregular pillow lavas from the Lower Pil!ow Member.
The space between the pillows is occupied by pyroclasLic maLel"ial and pilJow debris;
the proportion of this material increases upwar·cls. Severalof lhe smal! piJlows have a

small central cavity. Locality north-west of Frynsesø in Fønland.

white coarse-grained crystalline quartzites are found. They possess open
cavities coated with well developed quartz crystals, and show an internal
plane-parallel banding of dark fine-graincd quartzite. The borders have
been observed to transect pillow structures. A sedimentary origin for
these quartziLes is somewhat doubtful. These quartzites resemble the
large cross-cutting vein quartzites which have been found in sediments
as well as in lavas and intrusive sills, but may represent original layers
or chert activated and recrystallized due to their position in the lava
succession.

The petrographic characteristics of the volcanic rocks are describcd
on p. 115.

?*
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B. The Anthracite-Carbonaceous Shale Member

A good marker in the otherwise monotonous pillow lava succession
is a thin sedimentary unit locally developed as a strongly carbonaceous
shale, and locally as coal. This peculiar sedimentary unit has been termed
the Anthracite-Carbonaceous Shale Member.

South of Blåisen the member is present as a 1 m thick graphite
schist, strongly deformed and disrupted between the two members of
pillow lavas.

In Fønland the member is developed as an anthracite coal layer 10­
cally 3 m, but generally about 1 m thick. Here it ean be followed late­
rally for about 4 km and it is possibIe to trace the member to a position
close to the upper border of the Grænsesø Formation (PEDERSEN and
LAM, 1968). North of Frynsesø a thin carbonaceous horizon has been
found, which is possibly equivalent to the coa!.

The most interesting occurrence is in south Fønland, east-south-east
of Grænsesø. The thick coal layer has here been squeezed locally into a
NW-trending shear-zone where it is locally 3 m thick. The coal has alsD
been concentrated parallel to and along a WNW-trending dyke. A 200 m
broad NE-trending Gardar dolorite intersects the WNW-trending dyke
at the coal occurrence, and the carbonaceous material has here been al­
tered to graphite producing an almost pure graphite.

Where unaffected by the inf1uence of dykes and faults the coal is
black, shining and schistose, and contains calcareous and quartzitic no­
dules.

Four samples have been analysed and the results have together with
the isotopic composition of C12/C13 been published (BONDESEN et al., 1967,
p. 15, table III). Some of the samples were extremely pure with up to
89.8 % inf1ammable material. Others were rather impure and contained
only 72.5 Ofo inflammable material. The coal (anthracite) could not be
burnt without mixing with easily flammable material and the calory
value of the ash-free material was from 7536 to 7671 K-cal/kg (water and
ash-free). The alteration of coal to graphite does not seem to involve any
isotopic fractionation. Gas chromatograph examinations show that mono­
terpenoid compounds, normal paraffins and branched paraffins (e. g.
pristane, phytane), and methyl esthers are present and indicate that
chlorophyl was present (PEDERSEN and LAM, 1968, pp. 11-13).

Altogether it seems probable that the Anthracite-Carbonaceous
Shale Member is a further sedimentary development of the Grænsesø
Formation. The presence of calcareous nodules and quartzitic material
(chert) suggests that some of the material was deposited directly and
under euxenic conditions. However, the great quantities of carbonaceous
material in some localities suggest that a concentration has aIready oc-
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Fig. 41. Typieal appeal'anee of the Up per l'illow Membel' wil,h mixed large and smal!
pillows some of whieh are of amoeboid shape. Between Lho pilJows pyroclasLic material

and debris of pillow ernsts oecUl'. LocaliLy east of Frynsesø in Fønland,

curred in the edimentar'y sLage, Currcnt acLion seems unlikely in com­
bination with euxenic onditions but somc movements in \Vater masses
Ol' in the unconsolidatcd sediment mighL be expected in view of the ex­
extrusion of pillow lavas. In any case the significance of Lhe accumulation
of large quantities of organic material on the ea fIoor cannot be toa
highly stressed.

c. The {(1)pCr PiUow .ll'Iembcr

Above the Anthr'acite-Carbonaceous Shale Member, pillo,"v lavas are
again found in a pile aL lea t 700 m Lhick. In general, the Upper Pillo\V
Member diITers fr'om the Lower Pillow Membcl' in the developmenL of
large irTcgular pillows intel'mixed with smaller pillows (flg. 41). Howevel"
Lhis i not characLel'i tic of thc 10wer part of this member, and the border
between the two pillow member cannot be e Labli hed in the al'ea where
Lhe Anthracite-Carbonaceous Shale Membcr' is Ja king,

1'he pillows of the pper Pillow Member, in contrast to those of the
lower membcl', only rarely cxhibiL ten ion feature developed as aresult
of cooling. TIle spaces beLween thc pillows vary, but are relatively lal'ger
than those found in the Lower Pillow . 1ember, and are gencl'ally filled in
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with pyroclastic material and debris from the pillows. A further distin­
guishing feature is the frequent occurrence of breccias of pillows, and
agglomerates.

In the area north of Frynsesø, thick pyroclastic deposits ranging
from finely banded beds of tuffaceous material to coarse graded beds of
lapilli, can be mapped. The characteristics of bedding (a vague current
bedding has been observed) suggest that the pyroclastics have been trans­
ported subsequent to initial deposition. There does not seem to be any
stratigraphical relationship between the different occurrences of pyro­
clastics.

Both the bedded series of pyroclastics and the pillow lava succes­
sion as a whole have been very littIe influenced by folding.

Most of the intrusive bodies mapped in the Upper Pillow Member are
clearly cross-cutting, but some are extremely fine-grained and their in­
trusive relations are not always very clear. There is a possibility that some
of these might therefore be surface flows. Occassionally some of the bodies
exhibit a closely spaced sheeting, and agglomeratic structures have been
found. It has, however, never been possibIe to find conc1usive evidence
of an extrusive origin for any of these bodies.

The petrology and descriptions of thin sections are given on p. 115.

The Rendesten Formation

The Rendesten Formation is a collective name to include all the
rocks of the main structural division of the eastern thrust complex.
This complex is situated along the Inland lce in the eastern part of
Fønland and outcrops on the two "peninsulas" that extend eastwards
into the Inland Ice south of Blåisen and which are divided by the
Sortisen glacier tongue. In this southern area - hereafter called the
Sortisen area - the Rendesten Formation also outcrops to the west of
the "peninsulas".

The Rendesten Formation has only been briefly examined. The
following west to east description is an outline of the sequence which,
taking the existing fold structures into consideration, probably more or
less corresponds to the original order of deposition.

The Rendesten Formation has been strongly folded in some areas,
but is also cut up in minor thrust sheets in a form of "schuppen bau".
The nature of the top of the formation is not known and there is no
apparent break within the limits of exposure convenient for subdivision.
The development in the Fønland area differs to some degree from the
Sortisen area and the two areas are therefore described separately.
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trongi.)' folde d semipcliles und gre,)'wacke-like jJsammites from lhe Hende­
sten Formation. Locality lIorth-east of Gabbl'O ø in Fønland.

The Fønland area
The lower bordel' of the Rendesten Formation in the Fønland area

is usually a trongly sheared gneissose mylonitic rock, and the rocks found
above this contact vary from place to place.

In the outh-eastern part of Fønland black rusty slates, greyish­
black dolomites and linely banded peJites oecur belowalarge intrusive
body. The e ediments are in many t'espects similal' to those of the GI'æn e­
sø Formation. Farther north a compJex foJded 'equence of inLru ive rocks,
finely banded semipelites and rusty haJes occurs.

In the northernmost part, of Fønland graded, mor'e coarsely banded
sediments al'e found immediately abovc the thrust zone. The grain size
ranges from medium sand to ·ilt. The e rocks are very similar to the ban­
ded g,'eywackes of the Blåis Formation. In these sediments a siJl-like
intrusion oecUl'S and south of Gabbro ø a similar body with large xeno­
liths of graded sediment is found. The xenolith al'e to some extent
ol'iented close to Lhe local stl'ike and dip.

Above the sediments a large mass of intrusive rocks occurs which
contains elongate lenses of strongly folded banded semipelites. East and
south of theinLI'u ion thick beds of pyroclastics oecur togethcr with the
arne ediments. It i· of interest that the ediments show no macroscopic

mixing Ol' contamination with the neighbouring pyt'oclastics, The sedi-
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Fig. 43. Folded graded pyroclastic deposits from the Rendesten Formation. Layers
of scoria and bombs are een at the head of the hammer and at the top of the shart.
The typical F. fold shows some plastic deformation of the fragments in the fold,
whercas almost no deformation i visible outside the area of the fold. Locality im-

mediat ly east of Gabbro ø in Fønland.

ments are mainly composed of medium-grained quartz sand and the pyro­
clastics apparently exclu ively of basic volcanics. The pyroclastics form
large graded units with a base of coar'se scoria and volcanic bombs. The
upper part of each unit is made up of fine lapilli and tuffaceous material
(fig. 43).

In the easternmost part of Fønland and outhwards along the ter­
minal moraine of the Sioralik glacier a succes ion of carbonaceou . black
pelites and banded semipelites intl'Uded by an irregular siJI-shaped body
occurs. In the southern part of this belt pYl'ocla Lic are also found. The
lower part of the black pelite is stl'ongly shear'ed and locally mylonitic
rocks have been observed; thi suggests that the ea ternmost sequence
may be a separate thmt unit.

The Sortisen area
In the SorLi en area the lower border of the Rendesten Formation i

a marked tbrust zone extending from the outh-we t corner of Blåi en
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Fig. 44. Finely banded q uarlzi Lie "oek from lhe Hendeslen Formalion at Rendeste­
nen. The single bands are very per' isLenl. );ole Lhe il'l'egulariLies in some beds. The

whole strucLul'e of Lhe I' ck is in appearanee like a sinLrr rock.

to Mælkesø. As in the Fønlancl region mylonitie roeks oeeur loeally ex­
posecl along this strongly sheared zone.

In the northern part of the Sortisen area thiek piles of pyr'oelasties,
tufTs and lapiJli with seattered scoriae and agglomerate are found jusL
over the thrust zone and ure inLruded by large siUs. In Lhese pyroclasbes
a band of gr'aded semipeliLes can be followed to the south. The thickness
of the single bands decreases and the sedimenLs gr'ade latel'ally into pe­
li tes.

In the southern part of Lhe SOftis area yellow-grey dolomite asso­
ciatecl with black pelites are fou nd above Lhe ba al thrust zone. The
dolomites incr'ease rapidly in thickne s towards the south and are close
Lo 100 m thick at Yrælkesø. They are in Lruded by minor sill-like bodie .
Higher in the succession above Lhe thru t thick peliLes are found be­
tween beds of pyroclasties, both being intruded by sills.

t the Rendesten OCCUl' a thick eries of flaggy ediments mainly
eoropo ed of medium-gl'ainecl quartz and. The single beds of these
psammites can vary between 0.5 and 1 m in thickness. Between the
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Fig, 45. Qual't:"jtic sI abs in the rusty peliLes in Lhe Rendesten 'F ol'mation south of
ortisen. The slab' occur independent of thc fine bedding in the peliLe, but seem to

be arranged in layers. The deformation of thc slabs round a lar'gel' quartzi tic body
in lhe middlc right of the photograph seems lo indicatc a considerable compression of

the sedimen t.

individual beds occur thin layers of pelitic mater'ial and at some levels the
pelitic proportion may dominate, giving rise to banded pelites with
psammitic layers. In the higher par'ts of this series the proportion of
coarse ela ·ti mater'ial gradually decrease giving \Vay to pelitcs. Thi
succe sion of mainly beddcd psammites in the lower part and banded to
fine pelites in the upper part ean be followed southwards to the arca
west of Sortisen, where the succession i eomplicated by the intrusion of a
number of sills and still farther south to the north-ea t corner of 1ælkesø.

an the east iåe of Rendestenen an unu ual very finely banded
quartzitic rock occurs (flg. 44), The single bands are extremely persistent
and exhibit indcpendent irregularitie re embling cIo ely spaced styloliLe­
like seams. The rock has a uperficial re emblance to a mylonite, but on



I Straligraphy and Deformation in Græn eland 107

Fig. 46. trongly dirrer ntiated fInei)' banded and varved sediment from the Rende­
sten FOI'mation south of orlisen. Above lhe pencil OCCllrs a homogeneou sand­
sl ne layer and below the pencil a thin gl'aded pebble laycr. The folds are lhought
to be F. fold', aHhough they here c1early are of S-shape. This discrepancy is belicved
to be due to the structural posilion of thc layers which at the locality shown in lhe
pieture have a slr'ike devialing con idcrably from the general stl'ike of lhe bedding.

closer' examination and eonsidering its sUI'l'oundings, shows no signs of
scvere movements, The appearanec and sLrucLure of the rock most closely
resemble sinter deposits found in Lhe vicinity of hot springs. However,
the rock occurs in a Iimited al'ea and does not seem to be of any strati­
graphic impoI'tance.

In the Rendesten area exten ive len. e of banded pelitic rocks occur
in a IaI'ge mass of coarse-grained inLl'U ive rock. These pelites are al o
found below and to the east of the intrusive body. In some parts quart­
zitie slabs and pel'sistent quartzite horizon occur within thc pelite se­
quence. The quartzi tes are fine-gI'ained and cherty. The slabs seem to
be aresult of the boudinage of competent quarLziLic malerial originally
deposited as a ediment (flg, 45).
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In the pelitic succession varved sediments with extremely well pre­
served sedimentary structures are found. A grading from a coarse-grained
light rock to a fine-grained dark rock is occasionally interrupted by thin
horizons of quartz pebbles and coarse sand (fig. 46), and units of medium
sand. Locally slumps occur.

Microscopic characteristics ol the Rendesten Formation sediments

Only a few samples from the strongly varied succession of sediments found in the
Rendesten Formation have been examined under the microscope. The bedded psam­
mites and the graded greywackes (52966, 53103, 53109, 53118, 26323) are mainly com­
posed of quartz. The composition of some of the samples is shown in table 5. Samples
52966 and 53103 are from graded units and contain a comparatively large proportion
of matrix. Samples 53109 and 53118 from the bedded psammites contain less matrix
and may be classed as protoquartzites (PETTIJOHN, 1957, p. 291). Plagioclase and mi­
crocline are present and the occurrence of the latter mineral in particular, as well as
strained quartz, suggests that basement rocks could partly be the source of the sedi­
ments. Although the sediments are found on top of the pillow lavas and among pyro­
clastics of basic effusives it is a noteworthy faet that no volcanic fragments have been
found in the sedimentary rocks. The secondary minerals are dominantly muscovite,
chlorite and carbonate, and in sample 53118 biotite is also found. In general the ori­
ginal sedimentary textures are well preserved in the rocks of the Rendesten Formation.
Granulometric analyses of some of the best preserved samples are given in fig. 47.

ane sample of pelite (53002) exhibits deformed thin laminae in thin section.
A comparatively large proportion of the fine-grained rock is opaque, possibly carbona­
ceous, material. Small muscovite laths can be detected and are arranged according to
a tectonic fabric which does not coincide with the deformed lamination. The laminae
may have been deformed as aresult of sedimentary deformation. In the pelitic
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Table 5. Modal composition of greywackes and bedded psammites from
the Rendesten Formation

52966 53103 53109 53118

o/o o/o o/o o/o
Primary minerals: Quartz ............ 38.1 35.2 90.8 74.5

Plagioclase ........ 1.9 3.0 1.6 5.8
Microcline ......... 2.5 0.8 0.5 2.8
Dark minerals ..... 0.5
Ore .............. 0.9 0.5 0.5 4.3

Rock fragments: Chert ............. 4.3
Shale ............. 0.6 0.2

Matrix ............ 46.6 56.5 11.1

Secondary minerals: Muscovite ......... 1.7 1.0 2.6 0.4
Chlorite ........... 1.2
Carbonate ......... 2.2 1.8
Biotite ............ 0.7
Others. '" ........ 0.5 4.0 0.4

Total ............. 100.0 100.0 100.0 100.0

Grain curve (fig. 47) ................... * * *

material scattered minute quartz grains (0.005 mm in diameter) ean be seen. Sample
53104 is a pelite showing two deformations (plate 10 b).

The dolomites are fairly fine-grained with seams of coarsely recrystallized carbo­
nate material. Scattered throughout the thin section opaque carbonaceous material
and aggregates of quartz occur. Analysis of a dolomite (52985) from the south-eastern
part of Fønland revealed 16.7 % MgO and 29.1 % CaO corresponding to 76.7 % MgCa
(COa). and 10.3 % CaC03 ; 8.8 % of the rock was insoluble.

The finely banded quartzitic rock (fig. 44 and p.106) shows in 53105 sharp bound­
aries between the fine bands which are made up of pigmented and non-pigmented
material as well as nearly monomineralic layers of amoeboid quartz, albite and strong­
ly anomalous, blue chlorite. In addition a little carbonate occurs. A comparison of x­
ray fluorescence diagrams of this rock and three different samples of recent Icelandie
sinter rocks did not reveal any significant similarities.

The petrology of the pyroclastic rocks will be considered in relation to the petro­
logy of the pillow lavas and the instrusive sills which is presented on p. 115.

Summary and character

There is too littIe information from the Rendesten Formation to
permit a reconstruction of the sedimentological and volcanic development.
The sedimentary basin, or basins, appear to have been supplied with ma­
terial from two independent sources: one giving rise to pyroclastics i.e. a
volcanic source, and one giving rise to graded, bedded an banded sedi­
ments (greywackes, pelites an psammites).



110 ERLING BONDESEN I

In the lower part of the Rendesten Formation there is a tendency
for a continuation of the dolomite-carbonaceous shale sedimentation
known from the Anthracite-Carbonaceous Shale Member of the Foselv
Formation and in particular from the Grænsesø Formation. Although
found just above a thrust zone the outline of a basin of dolomite-shale
sedimentation ean be traced in the southern part of the area.

Higher in the Rendesten Formation coarse clastic material was sup­
plied to the area of sedimentation possibly by complex mechanisms
among which turbidlty currents might have played an important role.
There is a strong impression of lateral facies changes. To judge from the
presence of strained quartz and microc1ine, basement rocks were pro­
bably exposed to erosion somewhere in the source area.

In this milieu of deposition basic volcanism led to the accumulation
of pyroclastic material. No pillow lavas or surfaee flows have been ob­
served with the pyroclastics although the interbedded fine-grained homo­
geneous igneous sheets could be flows. an the nunataks north-east of
Fønland possibIe equivalents to the Rendesten Formation occur overlain
by pillow lavas comprising the Qernetoq Formation (HIGGINS, 1970).
The pyroclastics do not form a continuous thick cover but seem to vary
in thickness laterally. This could, as may be seen from the geological map
(plate 11), correspond to the location of extrusive centres of which one
might then be in the northern Fønland- and another in the northern part
of the Sortisen area. The pyroclastics are badly sorted, although grading
is present (fig. 43), and it seems unlikely that the material has been rede­
posited by water transport as was possibly the case with the pyroclastics
of the Foselv Formation.

A provisional stratigraphy for the Rendesten Formation is outlined
below:

F0NLAND

Pelites, semipelites and carbona­
ceous shales (~100 m)

Pyroc1astics (~200 m)

Semipelites and graded greywackes
in the north (~200 m)

Dolomites and pelites in the south
(0-15 m)

SORTISEN

Banded semipelites and pelites in­
cluding varved shales and quart­
zitic slabs (~500 m)

Bedded psammites with pelites
and graded greywackes (~300 m)

Pyroc1astics (~200 m)

Pelites and pyroclastics (~400 m)

Pyroc1astics in the north
(~1000m)

Dolomites and pelites in the south
(0-100 m)



THE IGNEOUS ROCKS

The different bodies of intrusive rocks found in the main structural
division of the pillow lavas and the eastern thrust complex have so far
been omitted from descriptions. In the following pages their field relations
and the structures they exhibit will be described and their petrological
characteristics will be treated, together with the petrology of the pyro­
clastics and of the pillow lavas. They are treated together in this manner
since the intrusives apparently are closely related to the extrusives and
they together represent interconnected expressions of the magmatic ac­
tivity of the Ketilidian.

Metadykes found elsewhere in the Grænseland area and metadykes
clearly cross-cutting the Sortis Group are discussed in alater section.
(p. 117).

Field relations and structures of the basic intrusives

The distribution of the basic intrusive bodies described in this sec­
tion is shown on the geological map (plate 11). They are restricted to the
two main structural divisions in the eastern part of Grænseland. Some of
the intrusions are found within the Grænsesø Formation but none occur
at lower leveIs. They were all originally of basic composition, but occur
now as slightly metamorphosed "greenstones" . As is the case with the
pillow lavas their primary structures and original textures are to a great
extent preserved due to the week and often only local deformation sub­
sequent to their development. Where deformation is present the rocks
appear as greenish or blackish-green schists.

Minor intrusive bodies are found in the Grænsesø Formation in the
Grænsesø area. They are mainly sill-shaped but are also found as irre­
gular transgressive bodies. Apophyses and anastomosing features are of
frequent occurrence. Unlike the other areas of intrusives to be described
they are often sheared and folded.

At the border between the Grænsesø Formation and the Foselv For­
mation in the Fønland area a large sill-shaped body up to 100 m thick
occurs (52995, see p.117). In the southern part of the area, from north of
Lappesø (53047, see p.117) to the Arsuk glacier, a large intrusive sheet in-
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Fig. I,S. Texlure of an intru ive sill in the Foselv Formation. The body is inLrudcd
by a thin dyke which has heen disrupled by laLcr deformation. The whiLe straight
lines are qual'tz and po sibJy original joint. Theyare cul bJ; Lhe dyk!'. Locality in

soulh-west Fønland norLh-easL of Vallen.

creasing to 500 m in Lhickness towards the south is found; it is intrudcd
below the pyritic shales 01' the Grænsesø Formalion. In the southernmo t
areas cxtcnsive band of rusty hale occurring within homogeneous in­
Lr'usive rocks suggest a more complex intmsive form Ol' possibly everal
intmsion . Thu one ingle large sill complex may exLend Lhroughout tlle
whole area at thi level, being more compacti n the ou Lhem part and
interfingering and bl'anching towar'ds the north. Large apophyse are
seen at Lapp ø and north Grænsesø. It lower part in the Lappesø area
hows pods and pillow-like structure locally ugge tinO' perhaps intm ion

into wet sediment· Lhe upper part of the sill has produ ed a contact
metamorphic eflect aO'ainst PY.'itic shale seen a a bleaching.

l\umerous intmsive borlics are found in the Fønland region (52961,
53962,5395 ,52957, ee p. 117) in the pillow lavas of the Foselv Formation,
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and only a few and generally smaller bodies are seen in the area south of
Blåisen. These bodies, intruded horizontally Ol' sub-horizontally, are sills
from 10 to 100 m thick. Their intrusive character ean be determincd from
localities where their contacts clcady tl'ansect pillow structures. They
often terminate very abruptly without thinning, Ol' irregular intrusive
featUl'es. In the pper Pillow lember some of Lhe bodies are very
fine-grained and as previou ly mentioned they may possibly be SUI'­

face flows.
Thc original tex ture of the intrusive rocks in the Foselv Formation

is well preserved (fig. 48). The field observations do not suggest that there
are any important variations in rock type.

Thc structural shape of the intrusive bodies in the Rendesten For­
mation is diITerent from those of the in the Foselv Formation. Although
minor regular sills are present in the bedded psammites and thc greywac­
kes ofLhe Rendesten Formation the greater part of Lhe inLrusives form
extremely exten ive and complex structurcs. The rock types vary from
fine- to medium-grained to very coal' c-gl'ained to almost pegmatitic
varieties, which may be darker Ol' lighter in colour. Gradations from
melanocratic to leucocratic rocks have been found but no truetures such
as igneou ' banding seem to occur.

In the Fønland region a larae body of melanocmtic rock (53078 and
53081)wiLh medium to coarse igneous textures pl'eserved occurs north­
east of Gabbrosø. In the intrusion long bands Ol' zones of homoaxially
folded banded pelites and semipcliLes (fig. 42) ean be traced. Tllc sill is
conformable to Lhe sedimentary banding and despite the folding, the
oriainal textures are preserved to within a few centimetres of the contacLs
with littIe Ol' no sign of shearing. A profile of this body on a fieId sketch is
shown in fiO'. 49.

Scdimcnu D Pyrodastics ~ Thrust

Fig. 49. PJ'oOle in large intrusive bodies from Gabbroso to tlle ice border in north-ca t
Fønland. The large intru ivc masses enclose sediments, which are sLl'ongly foldcd

(see Og. 42).

South of Gabbrosø a xenolith-bearing intrusive body with oriented
tabulal' fragments of greywacke occurs and east of Frynsesø large bodics

185 8
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of more or less distinct cross-cutting nature are found in strongly dis­
located sediments.

Parallel to the border of the Inland Ice there occurs a large sheet
body (53079, see p.119) above a zone of strongly sheared sediments. This
body attains a more massive character (53007, see p. 119) southwards.
It is possibIe that large intrusive masses south of the ice-dammed lake
in the south-eastern corner of Fønland are a southwards continuation of
this body. In this latter area there is a differentiation into large patchy
areas of melanocratic and leucocratic rocks (52986 A, see p. 119) with the
original textures very well preserved.

In the Sortisen area numerous smaller regular sill-shaped bodies
occur in the bedded psammites, the greywackes and in the pyro­
clastics.

Most of the two "peninsulas" reaching into the Inland Ice north and
south of Sortisen are occupied by large intrusive masses. Long belts of
folded sediments with extremely well preserved primary features (fig. 46)
can be followed within these masses (see p.107). These intrusions are struc­
turally as well as petrographically very similar, showing the same grading
from melanocratic to leucocratic rocks, and may represent one extensive
complex. The western part is composed of comparatively leucocratic me­
dium-grained rocks. Very melanocratic rocks (53120, 53106, 53107, see
p.121) with a sharp western border are found in a broad belt across both
"peninsulas"; this border does not exhibit achilled contact. Towards the
east and stratigraphically higher in the sequence the melanocratic rock
becomes extremely coarse-grained and almost pegmatitic, with mafic
minerals (amphiboles) up to 5 cm in length (53111), and grades into coarse
leucocratic rock types (53108 and 53110).

Locally breccia structures and coarse-grained inclusions occur in
fine-grained rocks.

To sum up it seems general that the low-Ievel intrusions in the suc­
cession are sill-shaped bodies and may be very large. They were intruded
prior to deformation and some possibly into wet sediments.

Higher in the succession larger and seemingly more irregularly shaped
intrusions occur, but in association with regular and smaller sills. The
larger bodies may be laccoliths.

The larger bodies show a differentiation into melanocratic and
leucocratic rock types. They may be very coarse-grained and even
pegmatitic.

The large eastern intrusions seem to be extensive bulbous structures
with elongated zones of the surrounding rocks forming lamelIae between
minor culminations of the main intrusion, a structure somewhat re­
sembling that of a cauliflower.
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It should be mentioned that it was the general impression from the
field work that folding, both deviating from and also coinciding with the
regional fold pattern, occurred in relation to some of the large eastern
intrusive masses. Some relations could indicate that the folding was
caused by the intrusions and others that the intrusion occurred at the
same time as the regional folding. Unfortunately these problems cannot
be solved at present.

Microscopic and petrological characteristics

In the foregoing chapter only field relations of the intrusive igneous
rocks have been dealt with and the fol1owing chapter will contain micro­
scopic and petrological observations on these rocks and also the efi'usive
volcanic rocks. The samples col1ected, the pillow lavas, pyroclastics and
intrusives, are taken as representatives of the difi'erent types. No attempt
at systematic col1ecting has been made and it is therefore not possibIe
here to give any complete and quantitative treatment of these rocks.
The data presented on the fol1owing pages are merely intended as repre­
sentative of an extensive volcanic and intrusive complex.

The pillow lavas
20862. The central part of a pillow (25 cm in cross-section) from the Lower Pillow

Member, about 2 km north of Lappesø and adjacent to the Inland lee. The rock is
light greyish-green in colour. In thin section it is very fine-grained and dense, with a
dusty grey matrix of chlorite and actinolite, and a few larger scattered laths of actino­
lite. Local!y large secondary epidote grains occur. Chemical data for this rock are
presented in table 6. The analysis shows rather high CaO which gives rise to an unusual
high An content in the normative plagioclase. It may be caused by secondary car­
bonate.

52987. From the central part of a large pillow from the Lower Pillow Member
south-west of Frynsesø. The rock in hand specimen is light green in colour, and in thin
section it shows an aphanitic mass of chlorite, actinolite, epidote and carbonate. A
few clear albite? grains ean be distinguished.

53115. From the Upper Pillow Member, east of Frynsesø. The central part of a
large pillow. In section it exhibits a grey dense mass in which randomly oriented laths
of amphibole, possibly actinolite, ean be seen, and also a few large 1-2 mm laths of
strongly altered plagioclase.

The pyroclastics
53058. Tuffite. 400 m north of middle Frynsesø. The rock consists of sharp angu­

lar to sub-rounded fragments of lava in which smal! randomly orientated laths of am­
phibole, possibly actinolite, occur in a grey dense mass. The matrix between the frag­
ments is composed of dusty irregular grains of epidote and also euhedral epidote group
minerals (clinozoisite?), smal! twinned albite grains, chlorite and alittle quartz. This
matrix is a minor quantitative proportion of the rock. Chemical data for the rock are
given in table 6.

8*
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Fig. 50. Pyroc1astic rock with small pillows in graded units (sample 53004). 'fhe
photograph shows densely packed micropiJlmvs in the lower part oC a graded
unit and isolated pillows alittle higherin the unit set in a matrix oC dark tulTaceous
material. ote the tensional fi uring restricted to the 'malI pillows and parallel to
the bedding. Localityat the bordel' oC the Inland lee east of Frynsesø in Fønland.

52999. Lapilli tuffite from the Upper Pillow Member east of Frynsesø. The rock
consisLs of very fine-grained lava fragments oC sub-angular to amoeboid shape and
wilh a emi-opaque zoning near their horders. Curved bells or fine-grained aphanitic
material resembling flow lines surround these grains and contai n zones of euhedral
epidote, ore, and chlorite or a vague greenish pleochl'oism and with anomalous brown­
ish interference colours. A few smal! unstrained quartz grains and feldspars are also
seen (plate 6b).
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53000. Lapilli tuffite from the upper part of the Upper Pillow Member east of
Frynsesø. The rock consists of densely packed lava fragments most of which are sur­
rounded by' small round spherulitic partieles, small 1 mm phenocrysts of altered pla­
gioclase, and a few small quartz grains. One large feldspar fragment containing elino­
zoisite may originally have been part of a larger plagioelase phenocryst. Carbonate and
chlorite occur between the fragments.

53003. Tuffaceous agglomerate from the south-east corner of Fønland. The rock
consists of fragments of fine-grained lava, fragments of primary crystals of a slightly
greenish pleochroic hornblende, and pyroxene. In between the fragments occur nume­
rous large grains of epidote-clinozoisite and aggregates of chlorite set in a ground
mass of fine semi-opaque dusty material exhibiting curved trails reminiscent of flow
structures.

5300~. Pyroelastic rock with micropillows in graded units. From the border
with the Inland lee east of Frynsesø. The rock (fig. 50) consists of spheroidal to
ellipsoidal altered "drops" of fine-grained igneous texture comprising quartz,
feldspar, chlorite and an aphanitic mass, set in a ground mass of fine chlorite
and actinolite.

53006. Lapilli tuffite. South-eastern corner of Fønland at the ice border. The
rock consists of fragments of crystals and lava set in a fine chloritic ground mass. The
crystals are sub-idiomorphic clinopyroxene, small quartz and altered feldspars. The
lava fragments are dense fine-grained with phenocrysts of pyroxene and feldspar
(plate 7a).

53122. Lapilli tuffite. North-west of Sortisen. A large (1-2 cm) fragment of fine­
grained lava with an original igneous texture bordered by a zone of carbonate minerals
is set in a matrix of altered fragments of lava and (hornblende?) crystals. The alte­
ration produets are chlorite, epidote and a reddish serpentine.

The intrusives
Two samples (52995 from middle Grænsesø, 530~7 from north of Lappesø) are

from the large sill complex which occurs in and just above the Grænsesø Formation.
The rocks are coarse-grained and greenish in colour. They are moderately to strongly
altered although it ean be seen that the original texture was ophitic or sub-ophitic.
The mafic minerals seem also to have been arranged in large square to rectangular
patches which may demonstrate a primary poikilitic structure. Relic primary horn­
blende is preserved in these zones.

The primary plagioelase is strongly saussuritized and the composition cannot be
determined. Secondary albite is present. The secondary mafics are mainly large patches
of actinolite (z II c 7°) of irregular outline, feebly pleochroic chlorite, large subhedral
epidote, leucoxene, and very little weakly strained quartz which might be primary.
The two samples are identicai apart from differences in grain size and the quartz which
is only found in the coarser-grained sample 530~7. The chemical composition of sample
530~7 is shown in table 6.

52962. A fine-grained greyish rock from a basic sheet-like body south-east of
Frynsesø in Fønland. The original igneous (ophitic?) texture is apparent. The rock
consists of non-pleochroic amphibole (actinolite), epidote and feebly pleochroic chlo­
rite. Quartz, carbonate and a littie ore are present in accessory amounts.

Three samples (52961, 52957, 52958) all from sheet-like bodies in the Foselv
Formation in the Fønland area, are of elosely related rock types to judge from their
thin sections. The rocks are in hand specimen all relatively coarse-grained (2-5 mm)
with dark green spots in a lighter green matrix. They exhibit well preserved primary
ophitic textures.
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Table 6. Chemical analyses ot basic igneous rocks from the Sortis Group
with C. I. P. W.-norms and Nigglii-ralues (IB SØRENSEN anal.).

20862 53058 530/07 52958 53079 53111 53108

Sia•....... 48.85 49.98 48.48 48.30 50.21 49.20 47.64
Tia•....... 0.76 0.80 0.87 0.87 1.48 1.25 0./03
Al.O•...... 12.21 13.70 14.08 14.95 12.72 10.68 19.64

Fe.O•...... 2.65 1.85 2.02 1.99 2.6/0 2.30 U5
FeO ....... 8.56 8.90 9.58 8.78 10.90 13.90 U1
MnO ...... 0.16 0.18 0.17 0.17 0.21 0.24 0.11
MgO ...... 8.55 9.22 8.26 7.98 5.21 7.14 7.17
CaO ....... 13.00 9.60 10.62 9.90 11.19 9.75 15.35
Na.O ...... 1.40 2.38 2.62 2.43 2.18 1.47 1.82
K.O ....... 0.00 0.00 0.09 0.52 0.88 0.04 0.04
p.a•...... 0.08 0.08 0.09 0.08 0.19 0.12 0.06
CO•....... 0.09 n.d. 0.00 n.d. 0.00 0.20 0.00
H.O ....... 3.37 3.40 2.64 3.75 2.16 3.62 2.34

99.68 100.09 99.52 99.72 99.97 99.91 100.26

C.I.P.W.-norms
q ......... 2./09 0.06 0.00 0.00 2.61 U/O 0.00
or ......... 0.00 0.00 0.53 3.07 5.19 0.2/0 0.2/0
ab ........ 11.83 20.11 22.14 20.54 18.42 12.42 15.38
an ........ 27.01 26.68 26.38 28.33 22.31 22.H 45.00
ne ......... 0.00 0.00 0.00 0.00 0.00 0.00 0.00
di ......... 29.99 16.57 20.99 16.50 26.56 20.93 2/0.59
hy ........ 19.37 28.82 13.3/0 16.02 15.57 29./03 2.50
ol ......... 0.00 0.00 8.65 6.73 0.00 0.00 7.09
mt ........ 3.85 2.69 2.93 2.89 3.84 3.3/0 2.11
il ......... 1.44 1.52 1.65 1.65 2.81 2.38 0.82
ap ........ 0.19 0.19 0.21 0.19 0./05 0.28 0.14

Feldspar
or ......... 0.00 0.0 1.1 5.9 11.3 0.7 0./0
ab ........ 30.6 /02.9 /05.1 39.6 /00.2 35.3 25./0
an ........ 69./0 57.1 53.8 5/0.5 /08.5 6/0.0 7lo.2

Nigglii-values
aL ........ 16.16 18.60 18.75 20.50 18.19 14.85 25.46
fm ........ /09.50 52.38 /09.68 48.57 /06.22 57.09 3/0.22
c .......... 31.29 23.70 25.71 2/0.68 29.10 2/0.6/0 36.36
alk ........ 3.05 5.32 5.87 6.25 6./09 3./02 3.96
k ......... 0.00 0.00 0.02 0.12 0.21 0.02 0.02
si ......... 106 115 110 112 122 116 105

20862 Pillow lava, central part of one pillow from the Lower Pillow Member, about
2 km N of Lappesø.

53058 Tuffite, /000 m N of middle Frynsesø.
530/07 Basic intrusive, large sill complex just above the Grænsesø Formation.
52958 Basic intrusive, from sheet-like body in the Foselv Formation.
53079 Coarse-grained mesocratic basic intrusive from large complex east of Rende-

stenen, Rendesten Formation, eastern Fønland.
53111 Marginal facies of melanocratic basic intrusive from the large complex east

of Rendestenen, the Rendesten Formation.
53108 Coarse-grained leucocratic basic intrusive from the large complex east of

Rendestenen, the Rendesten Formation.
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The plagioclases are saussuritized but were evidently originally strongly zoned.
The composition of the best preserved relics varies from An26 to An3l • The dark mine­
rals mainly comprise a non-pleochroic, possibly iron-poor actinolite (z 1\ c 12-16°)
secondary after a primary green pleochroic hornblende preserved as relic crystals, and
perhaps also pyroxene. The areas of the actinolite crystals show the outline and also
the twinning of the original hornblende. Other secondary minerals are chlorite, euhe­
dral epidote, carbonate and sphene (both euhedral and occurring as leucoxene). Ore is
preserved in primary crystals altered to sphene along fissures. Broken apatite needles
and quartz (52961) are accessory minerals. The sample 53958 has been analysed and
the chemical data and the modal composition are given in table 6 and 7.

The folIowing four samples are coarse-grained mesocratic rocks from the large
intrusive bodies of the Rendesten Formation which outcrop in the eastern part of
Fønland.

52986A. A light coarse-grained variety of the intrusive mass in the south-east
corner of Fønland. Ophitic texture is well displayed. The plagioclase is strongly saus­
suritized, but the best preserved parts have a refractive index close to that of Canada
balsam suggesting an original oligoclase composition. Relic primary hornblende of
brown and green pleochroism is abundant but mostly it has been altered to a feebly
pleochroic green amphibole with z 1\ c 10-HO. Other secondary alteration products
are chlorite and epidote. Ore and leucoxene occur in primary rectilinear intergrowths.
Interstitial quartz and micropegmatite (a granophyric intergrowth of quartz and
plagioclase) are very conspicuous. The modal composition of the rock is given in
table 7.

53007. From a locality 200 m south of the locality of sample 53079; the two
rocks are closely similar. The texture is ophitic. The plagioclase is strongly altered but
preserved relics have a refractive index close to Canada balsam and are probably
oligoclase. Pyroxene has not been observed. Primary brownish hornblende is very con­
spicuous in large twinned individuals. The section also contains large euhedral epi­
dotes, apatite and reddish-brown fibrous serpentine. The modal composition of both
samples is presented in table 7. A microphotograph of 53007 is shown in plate 7b.

53081. From the large intrusive body at Gabbrosø, northeast Fønland. The tex­
ture is well preserved and dominated by short prismatic primary hornblendes of feeble
greenish-brown pleochroism. The mineral is somewhat altered to non-pleochroic
amphibole. The plagioclase is generally saussuritized but a few preserved well twinned
individuals yielded a composition of An29 • Chlorite, epidote, leucoxene, carbonate and
interstitial quartz also occur.

Two groups of rocks appear to be melanocratic and leucocratic derivatives of the
basic magma (see p.1H) and are therefore treated seperately in the folIowing descrip­
tions. The sample 53078 is a leucocratic facies of the large mass at Gabbrosø represented
by sample 53081. The other rocks are from the Sortisen area where the samples 53106
and 53107 are melanocratic rocks which grade into leucocratic rocks, represented by
the samples 53108, 53110, and 53112 (plate 9al. The sample 53111 represents a margi­
nal facies of the melanocratic rocks. All the above samples are from the massif east of
Rendestenen. The sample 53120 is an extremely melanocratic type from the area south
of Sortisen.

53078. From the large intrusive body at Gabbrosø, northeast Fønland. The rock
texture is dominated by short prismatic plagioclase crystals which are strongly altered
to a grey dustYmass with epidote and chlorite. In a few cases the twinned plagioclase
crystals could be determined to be of a composition of An 26 to An32 • Carbonate is
abundant in the rock. The interstitial spaces between the plagioclases are largely
occupied by ore, leucoxene and a little chlorite. The rock was perhaps originally more
or less exclusively plagioclase.



Table 7. Modal composition of the intrusir;e rocks from the Sortis Group

52986A 53079 530079 52958 52958*) 53106 53107 53111 53112 53120 53108

% % % % % % % % % % %

Plagioclase ............. 37.6 46.0 47.9 39.2 53.1 30.9 21.2 13.9 26.0 14.9 54.3
Quartz and micropegm... 5.6 10.6 6.5 3.1 7.6 15.7 8.4 2.1 t;j
Amphibole ............. 44.3 27.8 31.3 30.1 } 33.2 21.4 42.4 47.6 56.2 23.8 ::c

42.3 ~
Pyroxene ............... 2.0 3.4 5.0 6.9 1.8 3.7 + + :;;:

<;l

Secondary minerals ...... 5.5 8.7 7.0 22.7 11.7 30.8 30.3 17.2 18.7 22.1
t:d

Ore and leucoxene ...... 5.0 3.7 2.3 4.9 4.6 9.7 9.1 1.3 9.2 8.1 0.7 o
:;;:
t:l

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 !:'J
00
!:'J

Representative intrusive sills and Melanocratic rock types Leuco- :;;:

related rocks cratic
rock

*) Normative composition, recalculated for comparison (ol+di+hy = amphibole+pyroxene).
Where possibIe alteration products have been counted as primary minerals. Actinolite has been counted as amphibole, and plagioclase
alterations (clinozoisite, chlorite and recrystallized feldspar) have been counted as plagioclase.
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53106. A sample representing the melanocratic facies of the large mass east of
Rendestenen. The rock is medium-grained and of a dark green colour with the primary
igneous textures well displayed. It is characterized by prismatic crystals of matic
minerals in a matrix of what originally may have been feldspars. The matics are horn­
blende, strongly pleochroic from green to light-green and brownish but altered to
actinolite. Relic pyroxenes are also found which may once have been isolated grains.
The secondary minerals are actinolite, epidote, clinozoisite and chlorite. Ore-Ieucoxene
intergrowths are found in primary interstitial textures and quartz occurs in the inter­
sticies. The modal composition is seen in table 7.

53107. From the coarse-grained melanocratic facies of the large intrusive body
east of Rendestenen. Original ophitic textures are well displayed. The plagiocIases are
sometimes altered but mayaIso be relatively well preserved, zoned and twinned; the
compositions measured were in the andesine range. Widespread intersticial micro­
pegmatitic intergrowths occur. The matics are dominantIy large twinned hornblendes
mainly of possibly primary origin and of green and brown pleochroism, but also almost
non-pleochroic. A few patches of relic pyroxene are found centrally in some of the
hornblendes. Large euhedral epidotes, actinolite, chlorite and cIinozoisite occur as
secondary alteration products. Reddish-brown serpentine occurs commonly along
grain borders, cleavage fractures and twin-planes. Quartz is comparatively common.
The modal composition is seen in table 7.

53111. A sample from the marginal part of the melanocratic facies (cf. 53107).
The rock is similar to the sample 53107 apart from additional apatite and the lack of
the reddish-brown serpentine. The plagiocIase is more strongly altered. The modal
composition is seen in table 7. The apparent large differences in modal composition of
the two rocks may be partIy due to errors because of the very coarse-grained nature of
both rocks. The thin section is iIIustrated in plate 8a. The chemical composition is seen
in table 6.

53120. Very melanocratic facies of the large intrusive body south of Sortisen.
The rock is dark green, almost black, and medium-grained. The texture is dominated
by short prismatic hornblende crystals of strong green pleochroism in patches and
almost completely altered to an actinoIite of feeble green pleochroism. The ground­
mass comprises strongly altered feldspar (chlorite and epidote group minerals) besides
quartz and ore altered to leucoxene. The modal composition is seen in table 7.

53108. A sample from the eastern part of the "peninsula" north of Sortisen.
The rock is leucocratic, light green and medium-grained. The texture (plate 8b) is
dominated by strongly altered prismatic plagiocIases in a matrix of actinolite, chlorite
and epidote which are alteration products. Relic, presumably primary, hornblende
occurs. Leucoxene is also present. The modal composition is seen in table 7 and the
chemical composition in table 6.

53110. A sample from the eastern part of the "peninsula" north of Sortisen. The
rock is light green and coarse-grained. The texture is dominated by large altered
plagiocIases (N;> Ncbs), epidote group minerals and chlorite. The matics are amphibole
(hornblende, 2Vx = 78°) which is almost non-pleochroic and pyroxene (2Vapp. 50°,
z II c 48°). Apatite, leucoxene-ore intergrowths and abundant quartz are also among
the primary minerals. The secondary minerals are actinolite (paIe greenish colour,
almost non-pleochroic), a green weakly pleochroic chlorite and epidote (plate 9b).

The composition of the igneous rocks and magma type

The composition of the pillow lavas cannot be determined from
petrographic data alone. The chemical data (table 6) from one lava
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(20862) and one tuffite (53058) suggest that they are of basaltic com­
position.

The chemical composition of the intrusive rocks (table 6) also shows
a basaltic composition although there are variations in the five analyses.
The rocks analysed have also been chosen to elucidate the various rock
types as established in the fieId. Thus the rocks 53047 and 52958 represent
sill-shaped intrusions low in the succession in the Foselv Formation
(see p. 111). The three rocks 53079, 53111 and 53108 represent the large
intrusions in the Rendesten Formation and are restricted to the eastern
thrust complex. They comprise a mesocratic normal type (53079), a me­
lanocratic type (53111), and a leucocratic type (53108). The character of
the last two is also well expressed in the chemistry by high FeO in the
melanocratic rock and high Al20 a and CaO in the leucocratic rock.

The intrusive rocks may thus, based on their chemical compositions,
be termed gabbros with the additional types of melanogabbros and leuco­
gabbros. The leucocratic rock has been an extremely feldspathic rock,
which also can be judged from the thin sections. The basic character
(table 6) of the leucocratic rock suggests that it has been anorthositic or
gabbro-anorthositic.

The magma type appears to be tholeiitic, judging from the occurrence
of quartz and micropegmatite and also the low alkali content, especially
K20, and relatively high Si02 (TURNER and VERHOOGEN, 1960, p. 206;
KENNEDY, 1933). The high normative hypersthene is also characteristic
of the tholeiitic magma type.

The primary mineralogical composition of the intrusive rocks is
somewhat obscured because of metamorphism and possibly also a wide­
spread late magmatic alteration effect. The original ophitic or gabbroic
texture is generally easily recognized and strongly suggests the original
mineralogical composition of the rocks. All determinations of primary
plagioclase are in the oligoclase-andesine range. However, strong zoning
can be seen to have been present and it is presumably the more calcic
plagioclase which has been altered more easily. The normative plagioclase
ranges from An52 to An 7a, the highest being found in the leucogabbro.

Traces of olivine have not been found and olivine was possibly not
present at all. Quartz is present in small amounts. The mafics seem do­
minantly to have been pyroxenes. An interesting feature in the Grænse­
land rocks is the occurrence of strongly brown and green pleochroic
amphiboles (hornblende). These amphiboles are very often prismatic
twinned individuals which "fit" the magmatic texture of the rock (fig. 51).
They are in most cases areplacement of pyroxenes but single clean pri­
mary individuals also occur e.g. in the melanocratic rocks. The formation
of the uralitic amphiboles is apparently related to the magmatic history.
They are unstable in the present metamorphic rock, where they are altered
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Fig. 5'1. Relation between pyroxene (pyr.), hornblende (hb!.) and aetinolite (aet.) in
llle magmatie Lexture. Feldspars have been omitled and mi nor alterations of the

hornblende and pYI'oxene have not been drawn.

to a fibrous mass of actinolite needles, chJorite and epidote minerals.
It is therefore sug l1ested that the pleochroic amphiboles are aresult of
Jate magmatic alterations Ol' alterations related to a change in the magma
dUI'ing its crystallization. 1'hese changes may be addition of water and/ol'
a temperature drop. A rcddish-brown serpentine mineral is also believed
to be aresult of late magmatic alteration as this mineral is formed earlier
than the metamorphic minerals and related to the igneous texture.

Among the primary minerals in the intrusive gabbroic rocks have
also been ilmenite Ol' titanomagnetite, j udging from the widespread oc­
currence of leucoxene in the original textural position of these minerals.
In an inter ·titial position micropegmatite of primary origin is very com­
mon in the mo t coarse-grained samples and mainly in sample from the
large intru ions in the eastern part of the area.

1'he igneous rocks of GI'ænseland are in many respects simi!ar to the
rocks af the Ahr lake area af the Labrador through (BARAGAR, 1960). 1'he
general geological setting, the occurrcnce of pillow lavas, thc size and
shape af the inLI'u ions, the composition of tho rocks and the occurrence
of melanocratic rocks which grade into leucocratic rock are all features
common for the two area . In the hl' lake (Hea a simi!ar degree of re­
gional mctamOl'phism is apparent although unaltered rocks are also
found. sliO'ht contact metamorphism around the intrusive bodies is
al o known in both Grænseland and the hl' lake area.

1'he hemistry of the Ahr lake rocks and the present analyses are
compared in table 8 where also an average parontal tholeiite is shown
(NOCKOLDS and ALLEN, 1956). 1'he silicaIalkali diagram fig. 52 shows the
Grænseland as well as the Ahr lake L'ocks in relation to variation trends
of the main parental magmas.
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Nos. 1, 3, 4, 5, 8, and 10: IB SØRENSEN anal.
Nos. 2, 6, 7, 9, and 11: FlOm BARAGAR, 1960.
No. 12: Average of six parental tholeiitic magmas after NOCKOLDS and ALLEN, 1956. -
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Fig. 52. Silica-alkali diagram with trends of tholeiitic and alkali series. Grænseland
analyses (+) and Ahr Lake analyses (e) after BARAGAR (1960) are plotted.

The occurrence of micropegmatite and quartz in the Ahr lake area is
shown by BARAGAR (1960, p. 1601) to be related to differentiation in the
sills. Gabbro-pegmatite and sub-pegmatitic gabbro (depending on the
presence or absence of micropegmatite) are formed in the upper part of
the sills whereas porphyritic and ophitic gabbros occur in the lower part.
The upper differentiations are shown to make up about 40 Ofo of the sills.
Whether such relations occur in Grænseland cannot be shown from the
material available, but as many samples show features relating them to
either gabbro-pegmatite or sub-pegmatitic gabbro, it may be deduced
that these rocks are abundant in Grænseland.

The leucocratic and melanocratic rock types of Grænseland are very
similar to the leucometagabbros and melanometagabbros of the Ahr lake
area texturally as well as mineralogicaIly. BARAGAR (1960, p. 1633) con­
cludes that the rocks are not normal differentation products as they show
slight or no changes in the minerals across the gradational borders. In
Grænseland gradational borders also occur.



CONDITIONS DURING TRE EARLY KETILIDIAN,
AND GEOSYNCLINAL DEVELOPMENT

Conditions

The sub-Ketilidian surfaee exposed in the Grænseland area is a
remarkable feature of late middle-Preeambrian time. The features as­
soeiated with this old surfaee provide evidenee of the prevailing phsyieal
eonditions. The absolute age of the earliest sedimentation on this surfaee
is still uneertain but may be as old as 2000 m.y. (BRIDGWATER, 1965) and
is earlier than 1700 m.y.

The main features exhibited by the sub-Ketilidian surfaee and the
sediments immediately overlying them provide information on the fol­
lowing:

1) Continental eonditions and struetures related to subaerial wea­
thering.

2) Subaqueous eonditions and struetures related to subaqueous
weathering.

3) The role of ehert.

4) The role of iron-formations.

These main groups of problems will be treated separately In the
following pages in so far as they are not mutually dependent.

1) Continental conditions and structures related to subaerial weathering

The small arkose deposits and the badly sorted residual eonglome­
rates found direetly upon the sub-Ketilidian surfaee are referred to the
earliest eontinental stage of the Ketilidian. The arkoses eomprise loeally
transported, badly sorted material, whieh has been altered to some extent.
The alterations take the form of serieitization and possibly the formation
of eloudy feldspars. These alterations cannot, however, be direetly related
to weathering as the subsequent metamorphie proeesses might also be
responsible. A rusty eolour eharaeterizes the best preserved arkoses south
of Grænsesø. The pre-Ketilidian gneisses below the small poekets of arkose
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also show a strong rusty staining. The occurrence of rounded cobbles of
chert and gneiss in the arkose is a characteristic feature of the deposits.

It is suggested that the arkoses might be aresult of local rapid de­
eomposition of the gneisses and that the rounded cobbles represent ma­
terial resting on the gneiss surface prior to the formation of the arkoses.
Although rusty, the arkoses cannot be termed "red beds" as the oxidation
appears not to be complete.

The residual conglomerates mainly occur in the area south of Vallen
and consist of well rounded, badly sorted partieles, some of whieh are
of loeal origin and some of whieh eould be derived from the Tårtoq Group
supracrustals and consolidated sediments related to the sub-Ketilidian
surface. The latter would appear to have comprised quartzites, chert,
dolomites and arkoses. The later earbonatization of the deposits may have
masked the true origin of the dolomite eobbles and pebbles, so that it is
uneertain whether carbonate deposits did in faet exist prior to earbo­
natization.

The structure of the residual deposits suggests that they represent
the deposits of small streams or outwash fans. In some cases the local
eonglomerates are concentrated along pre-existing joint systems so the
first mentioned possibility seems most likely. Traces of wind action have
not been recorded.

The joint pattern preserved in the carbonatized zone below the Lo­
wer Dolomite Member south of Vallen suggests that the surface to some
extent was controlled by a sheeting. The increasing frequency of joints
towards the sub-Ketilidian surface from below and the occurrence of open
breecia-filled fractures, which close to the surface contain eonglomerates,
indicate that release spalIation and sheeting were developed.

The general impression of the primary surface is of rapid decomposi­
tion, local deposition of coarse material and possibly only a temporary
supply of water in the form of small streams. The few sediments related to
this surface are cherts, quartzites, arkoses and perhaps dolomites. The
weathering was apparently dominant1y mechanical. Chemieal weathering,
however, may have played a role in regions where water aecumulated for
longer periods, as shown by the superimposed traces of subaqueous con­
ditions on the relationships discussed above.

2) Subaqueous conditions and structures related to subaqueous weathering

The earliest sediments of appreciable lateral extent deposited in
water are those eomprising the Lower Dolomite Member of the Lower
Zigzagland Formation. These sediments control the earbonatization of
the gneiss surfaee south of Vallen, described on page 44. The carbonatiza­
tion and the lack of clastic material in the dolomite suggest that these
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sediments were largely precipitates. However, organisms also took part
in the deposition as shown by the remnants found by PEDERSEN, (1968).

The carbonatization involves areplacement of feldspars by dolomite
and an alteration of dark minerals to chlorites. The excess silica is thought
to be found in the large chert lenses found in the lower dolomite and the
carbonatized gneisses, and it mayaIso have taken part in the silicification
of the dolomite. Excess alumina probably went into hydrophyllosilicates,
which later formed muscovite. Alkalies possibly went into solution, and
iron to siderite or into the widespread magnetite found in the dolomites.
Sulphur possibly also took part in the processes to judge from the wide­
spread occurrence of pyrite (fig. 14).

The water responsibIe for the carbonatization may have been of high
CO 2 concentration, and supplied from both the surface and from chemi­
cally highly active ground-water. A basin to which littIe or no detrital
material was transported would be likely to yield these conditions which
also might be expected to grade into the conditions of cyclic sedimen­
tation prevailing during deposition of the next member - the Varved
Shale Member. An atmosphere comparatively rich in CO 2 provides a high
CO2 vapour pressure and facilitates the carbonatization processes, es­
pecially in a closed basin. The occurrence of such an atmosphere is pro­
bable in view of HOLLAND'S work on a modelof atmospheric development
(HOLLAND, 1962).

It should be noted that the structures produced by the carbonatiza­
tion, the ball-shaped joint blocks and the onion-structures in their in­
terior, are similar to structures found in deep kaolinitic weathering of
granites and gneisses (WILLIAMS, 1968). A structural zoning similar to
that in the weathered Hong Kong granite (RUXTON and BERRY, 1957 and
1959) has developed in the carbonatized gneisses. Although the weathe­
ring elsewhere in Grænseland may be kaolonitic, the parallelism with the
Hong Kong granite is regarded as a convergence phenomenon as it seems
unlikely that the carbonatization was superimposed on kaolinitization
of the same order.

Subaqueous weathering, or weathering which may be so regarded be­
cause of its close relation to water-Iaid sediments, is also found below the
Ore-Conglomerate Member between Vallen and Grænsesø and below the
quartzites and the Dolomite Shale Member in the Grænsesø region. These
sediments are younger than the lower dolomites and have developed in a
basin of larger dimensions than that in which the Lower Zigzagland For­
mation was laid down.

Beneath the ore-conglomerate, the quartzites and the dolomite
shales, similar relations are found in that the feldspars of the gneisses are
altered to a fine mass of micaceous material. The altered zone can be of
varying depth with respect to the old surface but appears to be at least 0.5 m
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under the ore-conglomerate and thickest under the dolomite shales (app.
2-5 m). In the latter case isolated carbonate crystals may occur in the
altered zone but the micaceous material dominates. A sub-parallel ban­
ding and layering seems to be present in the weathered zone which may
be a result of load on the relatively soft material. Similar phenomena
have been described from the base of the Karelidian J atulium in the
Suojarvi region by METZGER (1924).

No alteration products which can be directly related to the weather­
ing have been identified in the rocks. The whole mass consists of fine
sub-microscopic material and opaque material which may be ore be­
sides quartz in a gneissic texture. The metamorphic produets of the fine
mass are dominantly muscovite and a littIe chlorite, and in one sample
(53083) large andalusite crystals. This would suggest that the material
is strongly aluminous and that the weathering thus may have been
kaolinitic. KHARITONOV (1965) mentions a kaolinitization at the base of
the Jatulium visible in the same region as described by METZGER (1924).

3) The role of chert

Very fine-grained quartzites or chert in the sense of FOLK and WEA­
VER (1952) have a widespread occurrence in the sediments of the Vallen
Group both as a primary sediment - dominantly in the Grænsesø For­
mation - and as clastic grains in the coarse sediments of the greywackes
and quartzites. Most of the boulders found in the oligomict conglomerates
above the residual conglomerates are chert or cherty rocks. In addition,
large ehert lenses oeeur related to the deposition of the Lower Dolomite
Member and the earbonatization processes.

The chert found is of three types but when it oecurs as small clastic
grains they are not always distinguishable. 1) One type is a pure siliceous
ehert composed almost entirely of small eugranoblastie quartz grains in
saeeharoidal or amoeboid sutured textures. 2) The second variety is a
ehert associated with euhedral magnetite ore and with relatively hemi­
granoblastie textures ; the magnetite seems mostly to have reerystallized
from a finely disserninated ore pigmentation (53038, p. 46). 3) The third
type of chert is assoeiated with organic or carbonaceous material, and
perhaps also ore.

An important oeeurrenee of ehert oeeurs in eonneetion with the Ore­
Conglomerate Member in the lower part of the Upper Zigzagland For­
mation. It here shows close relationships to iron-formations of Superior
type (BLONDEL, 1955), together with the second chert variety mentioned
above. The close association of ehert with iron-formations is well known
and has been emphasized by several authors (SAKAMOTO, 1950; JAMES,
1954; LEPP and GOLDICH, 1964). In Grænseland no direct eonnection

185 9
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between primary chert and iron-formations ean be established, as the
ore-conglomerate is possibly a wholly secondary feature which, however,
may have its origin in a primary iron-formation. This is indicated by the
existence of preserved clastic grains of iron chert.

Secondary deposited chert of all three types is found even in the
lowest arkose deposits; it must therefore either have been derived from
much older formations or be related to the surfaee conditions locally. The
occurrence of the large boulders in the ore-conglomerate (fig. 16) suggests
that the latter may be the case, and the chert lenses in the carbonatized
zone also show that the occurrence of chert may be related to weathered
zones and/or small closed basins on the sub-Ketilidian surface.

4) The role of iron·formations

Iron-formations have been defined by JAMES (1954, p. 239) as che­
mically precipitated sediments, often banded, with more than 15 % iron
and often, but not always, associated with chert. PETTIJOHN (1957, p 449)
uses the term in a much more wide sense.

There are two main hypotheses concerning the origin of iron-for­
mations. One is connected to volcanic processes and an exhalative origin
and another connects the origin of silica and iron to weathering processes
of various kinds under different conditions. Most iron-formations are
connected with early and middle Precambrian successions.

LEPP and GOLDICH (1964, p. 1027) review the different theories for
Precambrian iron-formations, their age and their occurrence, and showed
that these iron-formations, unlike later iron-formations, contained high
proportions of Mn and Si, and low proportions of Al, Ti and P. They con­
cluded that this might be a consequence of lateritic weathering under
atmospheric conditions of lower oxygen and higher CO 2 content than the
present day, corresponding to the second stage of atmospheric develop­
ment in HOLLAND'S (1962, p. 645) three stage model for the development
of the earth's atmosphere. Under these conditions Fe, Mn and Si could be
transported whereas Al, Ti and P would be retained in the weathered
crust.

The precipitation of iran is regarded by some authors as aresult of
biological activity (HARDER, 1919; HOERING, 1962; MOORHOUSE and
BEALES, 1962; and CLOUD, 1965). LEPP and GOLDICH (op. cit.) point out
that many iron-formations are closely associated with carbonaceous mate­
rial.

The only iron-formation known in the Ketilidian until now is the Ore­
Conglomerate Member of the Zigzagland Formation, an iron-formation
of a rather specific facies. The occurrence is very local, and the character
of a conglomerate, the clastic matrix, and the sediments interpreted as
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black sand which underlie it, suggest that the ore has been redeposited.
The large boulders found in the region north of Vallen do not appear to
have been transported any great distance and they may have been resi­
dual. The Ore-Conglomerate Member moreover represents a transgressive
phase and there is a gradation from the underlying varved shales to ore­
bearing sandstone and to the conglomerate.

There is in the ore-bearing rocks no appreciable amount of heavy
minerals such as zircon, sphene, amphibole or garnet which would have
been derived from the basement rocks. Apatite is very frequent. It is
therefore possibIe that the source material which gave rise to the ore­
bearing sediments was a surface cover restricted to the regions subse­
quently transgressed. This material might either have occurred in the
immediate surroundings of the basin of the Lower Zigzagland Formation
or be a general feature of surface depressions on the sub-Ketilidian sur­
face, where chemical conditions may have lead to precipitation of iron
and silica, for instance in temporary lakes. It is probable that the pre­
cipitation took place in close connection with the formation of chert, since
clastic chert grains with finely dissiminated ore occur; there mayaIso be
some relationship with the third of the chert types found which encloses
organic material.

Textures very similar to the aggregates of intergrown magnetite
octahedra of the Ore-Conglomerate Member have been described by
LA BERGE (1964) who regards them as due to metamorphism. This may
very well be the explanation of the Grænseland textures, since JAMES
(1956) and DONOVAN (1964) both state that iron-formations are very
sensitive to metamorphism.

Basin development

The basin development during sedimentation, based on the facies
distribution and thicknesses described earlier, is presented as a series of
sketch profiles in fig. 53.

From a probably peneplained surface with residual deposits and
arkoses (1) a shallow and probably closed basin developed in which the
Lower Zigzagland Formation was laid down. The sedimentation possibly
began as a precipitate with later the incoming of small amounts of very
fine clastic material. The basin was periodically dry and could possibly
have been a lake (2).

In the upper part of the Lower Zigzagland Formation coarse clastic
very iron-rich material was added and in the southern part of the basin
carbonate facies sedimentation prevailed (the RustY Dolomite Member,
described on p. 51).

9*
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With the deposition of the ore-conglomerate the basin appears to
have widened northwards (3) and coarse clastic conglomeratic material
locally indicates that littoral conditions prevailed during the deposition
of the lower part of the Banded Quartzite Member. The middle part of
this member seems to have been deposited in a shallow sea with banks and
varied current directions. Parts of this sea may temporarily have been
dry. The upper parts of the Banded Quartzite Member appear to have
been laid down in water with more stable current directions and perhaps
in relatively deeper water compared to the conditions which prevailed
earlier.

Possibly at the same time as the deposition of the Banded Quartzite
Member a second basin of quartzite deposition developed in the northern
part of the Grænseland area and extended over parts of the Midternæs
area where a third basin is also found (HIGGINS and BONDESEN, 1966).
A land area existed in the southern part of Grænsesø, dividing the two
southernmost basins.

The Dolomite Shale Member of the Upper Zigzagland Formation
implies a return to fine clastic sedimentation commencing with the for­
mation of massive carbonates. During this period the basin north of
Grænsesø extended farther to the south (4). Carbonate sedimentation also
occurred close to the coast line although here it was associated with coarse
clastic material (p. 69). The sedimentation of the Dolomite Shale Member
is very uniform and seems to exhibit the same character over large areas.

With the sedimentation of the Blåis Formation the influence of
tectonic activity on the sedimentation in the basin may be recognized.
The accumulations in the basin were black and dark pelites which do­
minate the lower part of the formation in the northern part of the area.
In the southern part of the area the accumulate was apparently of a car­
bonate facies. In addition, large amounts of greywackes were brought
into the basin, possibly by the action of turbidity currents.

The "wildflysch"-unit provides further evidence of penecontempo­
raneous movements, since it contains blocks of all the sedimentary mem­
bers which underlie it and also gneiss. A vertical displacement corres­
ponding to at least the thickness of these sediments (~200 m) must have
taken place prior to the deposition of this unit (5).

This faulting may be a continuation of the Bæversø fault, which during
the deposition of the Blåis Formation controlled the ridge dividing the two
basins represented in the area. There are no indications as to whether the
ridge was land or submerged in lower Blåis Formation time, but in upper
Blåis Formation time the ridge was transgressed by graded greywacke
deposits.

The facies distribution in the Blåis Formation indicates that coarse
greywacke deposition took place early in the southern part of the southern
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basin suggesting a supply from that direction. Later coarse greywackes
were laid down over the whole area and during this time the ridge in the
southern part of Grænsesø may have played a role as a centre of tectonic
activity, to judge from the facies relations just to its south.

The variations in sedimentary facies vertically in the succession of
the Zigzagland Formation and the Blåis Formation suggest an increasing
subsidence of the basin floor. During the deposition of the Zigzagland
Formation, as far as up to the formation of the Dolomite Shale Member,
the sedimentation seems to have been more or less equal to the rate of
subsidence. The deposition of the Blåis Formation was, however, ac­
companied by paroxysmal events which seem to have led to an increase
in the rate of subsidence, and the sedimentation probably took place in
comparatively deep water. The basin may at this time have been bordered
by a comparatively steep submarine topography which would facilitate
the formation of turbidity currents.

With the transgression of the ridge in the southern part of Grænsesø
by the uppermost part of the Blåis Formation the two basins, which may
then have represented only minor depressions in extensive basin struc­
tures, were filled in by sediments.

A new phase in the basin development was now opened with the de­
position of the contrasting sediments of the Grænsesø Formation (7).
Pelites, carbonaceous shales, dolomites, and later cherts and pyritic shales
with abundant organic remnants were deposited under quiet, euxenic
conditions. This period of deposition may have included an elevation of
the basin floor so that the area of sedimentation was a comparatively
shallow sea in which precipitation of carbonates and photosynthesis could
readily take place (BONDESEN et al., 1967). The two pre-existing basins
can no longer be traced at this stage, and the sedimentation is more even
over large areas. The variations in thickness of the Grænsesø Formation
suggest rather a development of several small depressions.

This phase in the development of the Ketilidian may perhaps be
viewed as a period of relaxation and rest at the termination of the Vallen
Group sedimentation and prior to the volcanic phase of the Sortis Group.
Although there is a strong contrast in the sedimentary development be­
tween the Blåis Formation and the Grænsesø Formation, no significant
break in the stratigraphy such as e.g. an angular unconformity or hiatus
can be seen. The strong structural disharmony between the two formations
is, as far as can be judged, purelya tectonic feature.

The first extrusion of pillow lavas may have occurred earlier in the
northern part of the area as the pyritic shales of the Grænsesø Formation
are apparently developed at a higher stratigraphic level in the southern
part of the area. Also the greatest thicknesses of lava are found in the nor­
thern part of the area. The sea was probably still relatively shallow and
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thin sediments, such as the Anthracite-Carbonaceous Shale Member,
show that euxenic conditions still prevailed. The lowest part of the Rende­
sten Formation, which comprises carbonaceous pelites and dolomites,
shows that the same facies as shown by the Grænsesø Formation continued
until after the termination of the extrusive activity represented by pillow
lavas. As the facies relations during the lava extrusion remained the same,
a considerable subsidence must have taken place gradually as extrusions
occurred.

In the lower part of the Rendesten Formation pelites and semi­
pelites interbedded with a considerable proportion of pyroclastic material
grade into a greywacke facies. This implies a return to conditions similar
to those prevailing during deposition of the Blåis Formation. The strong
lateral facies changes suggest that a rugged submarine topography or a
subdivision into several basins may have existed. However, little is
known of the stratigraphical relations so that the basin development in
this upper part of the whole succession is very schematic.

Organic remnants and their significance

The organic remnants from Grænseland have been provisionally
described and discussed by BONDESEN et al. (1967), and papers on the
organic chemistry of the remnants have been published (PEDERSEN and
LAM, 1968; LAM and PEDERSEN, 1968). Besides material collected by the
author, new and systematic collections have been made by PEDERSEN
(1966 and 1968). The findings comprise macrostructures as well as micro­
structures.

Macrostructures occur in the succession from the lowermost Zigzag­
land Formation to the Rendesten Formation. Well preserved macro­
structures found in the Lower Dolomite Member of the Zigzagland For­
mation (BONDESEN et al., 1967, plate 12, fig. 2; PEDERSEN, 1968, p. 51)
show that living organisms existed in the limited basin at the time when
the deep carbonatization of the substratum occurred. Stromatolite-like
structures have been found in loose blocks probably derived from the
Grænsesø Formation. From this formation the occurrence of the globular
organic structures - Vallenia - has already been noted (see p. 94) and the
possible "biostratigraphic" value emphasized.

Micro-organisms and/or parts of larger organisms also occur and
they seem to have a wide vertical distribution. These remnants are bac­
teria-like structures, filaments with an irregular cellular structure, irregu­
lar lumps of organic material, parts of threads which occasionally branch
and "spore"-like microspheres. The remnants occur in almost all forma­
tions and rock types but are particularly common in the Grænsesø For­
mation, in dolomites, shales and chert, and the dolomite shales of the Zig-
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zagland Formation. It seems to be the calcareous rocks and the cherts
which contain most of the remnants, and thus secondarily deposited
chert may be responsibIe for the organic remnants in greywackes and
quartzites.

An examination of the isotopic composition of the carbonaceous
material and the carbonates by Jørgensen (in BONDESEN et al., 1967) has
shown strong organic affinities. It has also been shown that Vallenia may
have been photosynthetic. The isotopic composition of the carbonate
from the Vallenia-bearing rocks suggest that these might have been pre­
cipitated in oxygen-poor water, and the composition of the coal from the
Foselv Formation indicates that it represents marine organic material
accumulated under extreme reducing conditions (JEFFREY et al., 1955).
These results suggest that the succession was deposited under euxenic
conditions. The results of organo-chemical examinations (PEDERSEN and
LAM, 1968) show that some of the organic material has escaped complete
decay. This would also imply reducing euxenic conditions.

The Anthracite-Carbonaceous Shale Member of the Foselv Formation
further indicates that large amounts of organic material were able to
accumulate. The present thickness of an average 1 m necessitates an
original accumulation of a considerable thickness of organic material.

The distribution of organic remnants shows that organic material
was present under nearly all conditions. The material has a wide vertical
distribution and an extensive horizontal distribution, and organisms have
also played an important role quantitatively. This suggests that they may
have had an influence on geological processes (formation of chert, car­
bonaceous sediments and carbonate rocks) in certain regions, especiaIly in
lakes and relatively shallow parts of the sea. The organisms appear to
have been photosynthetic and thus in this part of the Precambrian may
have had a considerable influence on the development of an oxygenic
atmosphere (HOLLAND, 1962).

Comparisons and correlations with other regions
in South-West Greenland

The Ketilidian sediments and volcanics ean be traced as a belt from
the Midternæs area throughout Grænseland, from south of Arsuk glacier
to Qornoq and along the north coast of Kobberminebugt to the area
around Storø and Arsuk ø (fig. 1). Apart from this almost continuous belt
in which the degree of deformation and metamorphism increases towards
the south (WINDLEY et al., 1966; HENRIKSEN, in press) Ketilidian supra­
crustals (see p. 144) also occur in the southern part of Kobberminebugt at
Ilordleq (WATTERSON, 1965) and along the north coast of Alangorssuaq
(HARRY and GEN, 1964). These supracrustals have provisionally been
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termed the Ilordleq Group (ALLAART, BRIDGWATER and HENRIKSEN, in
press).

In the vast granite areas between Kobberminebugt and Igaliko Fjord
inclusions and scattered enclaves of sediments of supposed Ketilidian age
are found (ALLAART, 1964 and 1967). South of this in Søndre Sermilik ex­
tensive areas of thick sediments and volcanics occur in a NE-SW-trending
belt (Escher, 1966). These correspond to the Sermilik Group of WEGMANN
(1938) and are also regarded as Ketilidian, although WATTERSON (1965,
p. 134) has suggested that they could be of Sanerutian age, i.e. late Keti­
lidian in the sence of this paper. Towards the Kap Farvel region the supra­
crustals are strongly metamorphosed, and intruded by numerous granitic
bodies.

Correlations in the Ivigtut region, based on the triple division of the
Ketilidian into the Vallen Group, the Sortis Group and the Qipisarqo
Group, have earlier been carried out by BERTHELSEN (1965, p. 128).
Berthelsen correlated most of the sediments below the pillow lavas south
of Arsuk Fjord and in the Arsuk ø - Storø area (BERTHELSEN op. cit.,
table 3) with the Grænsesø Formation on the assumption that large parts
of the migmatites and gneisses in the Ivigtut region were derived from the
Zigzagland Formation and the Blåis Formation. This assumption is not
valid (HIGGINS and BONDESEN, 1966), and the correlation must there­
fore be revised.

From the experience in Grænseland, and also partly in Midternæs,
the value for regional correlation purposes of single stratigraphical units
may be outlined as follows:

1) The Lower Zigzagland Formation, including the ore-conglome­
rate, ean be expeeted to have only loeal distribution.

2) The banded quartzites of the Zigzagland Formation may be of
wide horizontal distribution but of varying thickness. They may
also be laeking. It is unlikely that they would be mistaken for
other members.

3) The Dolomite Shale Member of the Zigzagland Formation, eha­
raeterized by two (or perhaps more) pure dolomite bands in the
lower part and oeeurring just above the quartzites, seems to have
a wide horizontal distribution and may serve as a good marker.

4) The Blåis Formation may vary strongly lithologieally and in
thickness and may be laeking. The general character of depo­
sition under tectonieally active eonditions may, however, serve
as a means of correlation. The formation may be developed as
pelites or calcareous rocks.

5) The Grænsesø Formation may serve as a good marker on the
basis of its characteristic oceurrences of earbonaceous shales,
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dolomites and cherts. The dolomitic character may locally do­
minate. The Vallenia bed might be recognizable close to the top
of the formation.

6) The pillow lavas may be usefully employed in large-scale corre­
lations on group level.

7) The Rendesten Formation on account of its varied development
may serve as a poor correlating link. The lowest part which com­
prises dolomites and carbonaceous pelites may be of local value.

On the basis of the above evaluations correlations with the different
areas are presented below.

The Midternæs area

Correlations with the Midternæs area, which lies immediately to the
north of the Sioralik glacier and where a maximum thickness of about
5000 m of Ketilidian rocks occur, are comparatively easy (HIGGINS,

Table 9

Grænseland Midternæs

>:>.

l
Thick pillow lam ) 4800 m::s

o Rendesten Form. Lavas and sediments including with...
ø pyroclastics.~ approx.
...., Foselv Formation Pillow lava (100-900 m) with 5 %...
o sedimentsw. thin sediments

P'inoipally Iima.tnnæ with in- )

Grænsesø Formation
terbedded shales and thin
quartzites, Vallenia bed in NE ~70-170m'

Midternæs

Bh'læ, "mip,Htæ and ""d,d )

Blåis Formation
greywackes (includes calcare-

50-700 m
>:>. ous bands, cherty quartzites
::s and a 75 m thick arkose)o...
ø
.:: Dolomite Calcareous shales, calc-cemen-
2 Upper Shale ted sandstones and thin lime- up to 35 mC;
>- Zig- Member stones

zag- Orthoquartzites and feldspatic
land Banded Qzt. M. sandstones 1-100 m
Form.

Ore-Congl.M. Conglomerate 0~4 m

Lower Zigzagland
Formation

Unconformity

(Lacking)

Unconformity
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1970). The rocks in the Midternæs area are generally less deformed and
less metamorphosed than those in Grænseland. A basin development in
the Vallen Group similar to that found in Grænseland can be deduced. The
northern extension of the basin found in north Grænseland occurs in
south Midternæs and another basin appears to be present in north-west
Midternæs where a low ridge, perhaps controlled by fault scarps, sepa­
rates the two basins.

The stratigraphy of the Midternæs area is compared with that of
Grænseland in table 9.

In north-east Midternæs calcareous shales, possibly equivalent to
the Dolomite Shale Member of the Zigzagland Formation, are found ad­
jacent to the gneisses as is also the case in the central part of the Grænsesø
area. The arkose in the greywacke sequence of Midternæs equivalent to
the Blåis Formation is possibly also found in Grænseland between Vallen
and Grænsesø where a similar rock type has also been sampled; in the
area north of Grænsesø, some observations suggest the presence of a
similar unit. The thicknesses of the arkose appear to be much greater in
Midternæs than in Grænseland (up to 75 m).

The Foselv Formation and the Rendesten Formation are not clearly
distinguishable in the central and northern Midternæs area, mainly be­
cause lavas are found at the supposed levelof the Rendesten Formation.
Moreover, it is possibIe that a higher stratigraphical level is reached in
the nunataks, north-east of Grænseland. Here thick pillow lavas occur.

The tectonic history of the Midternæs area is very similar to that of
Grænseland. It is noteworthy that the earliest deformation appears to be
clearly developed at certain stratigraphic levels in Midternæs as in Græn­
seland (the lower part of the Dolomite Shale Member).

The area Arsuk Fj ord-Qornoq- Kobberminebugt

The Ketilidian rocks south of Arsuk Fjord (fig. 1) contrast with
those of Grænseland in their stronger deformation and higher degree of
metamorphism (WINDLEY et al., 1966). The comparatively wide belt of
supracrustals in the north narrows southwards along the strike to Qornoq.
The lower boundary with migmatites and gneisses is strongly tectonized
and the supracrustals are bounded upwards by an extensive complex of
augen gneisses. In table 10, the stratigraphy of the area (S. BAK JENSEN,

pers.comm.) is compared to that of Grænseland.
The stratigraphic relations in this 75 km long belt of Ketilidian

supracrustals are not so well known due to the condition of preservation
of the rocks. However, there are some consistent features in that quart­
zites form the lower boundary for long distances, occasionally with thin
calcareous rocks below and often with dolomite bands immediately above
associated with mica schists. The quartzites are regarded as equivalents
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Table 10

IArsuk Fjord - Qornoq I Kobberminebugt

I

Augen gneisses ISemipelites 1200 m o
O"p..

p.. Lacking (?) 2 ~
Polymict conglomeratewith gneiss boulders '" o~ .~ ....

o I .e- e;....
e; I 0-200 m app. 190 m Cl

'"~ I.... Rendesten Formation

l
Amphibolites with Amphibolites withow pillow lava struc- pillow lava struc-

Foselv Formation tures (500 m) tures (200 m)

IGrænsesø Formation I (Local dolomites) (Lacking?

Blåis Formation Mica schists 200 m ?

p.. Dolomite Mica schists and
~ Upper dolomites Mica schists 100 mo Shale Member.... Zigzag-e; 100-150 m
l::: land
~ Form. Bandedas Quartzite O-50 m Quartzite 140 m;>- Quartzite Member

Lower Zigzagland Mica / Local
Formation schists dolo- ?

300 m mites

I Basement I Migmatites Migmatites and
Ketilidian granites

of the Banded Quartzite Member bounded by calcareous rocks which
could correspond to the Lower Zigzagland Formation and the Dolomite
Shale Member.

On a small island in Qornoq fjord, mica schists with dolomite bands
resembling the Dolomite Shale Member occur in tectonic contact with
granite. In Kobberminebugt quartzites form the lower boundary against
migmatites and granites.

Another correlating link is a thick amphibolite sequence with oc­
casional pillow structures. This should correspond to the Foselv Forma­
tion. A thick conglomerate overlies the amphibolite and marks the lower
border of the Qipisarqo Group (BERTHELSEN, 1965, p.128) which in
Kobberminebugt is largely composed of semipelitic sediments. The possi­
bility that the Qipisarqo Group in part equals the Rendesten Formation
can be considered (see p. 145).

Between the amphibolite and the quartzite below occurs a varying
sequence of mica schists with dolomite bands. This succession could
correspond to the Dolomite Shale Member and the Blåis Formation.
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It is possibIe that no greywacke sedimentation took place in the area be­
tween Arsuk glacier and Kobberminebugt as the mica schist succession
is dominantly of pelitic nature. It is notable that no equivalents to the
carbonaceous sediments of the Grænsesø Formation are apparent, although
in the northernmost part of the area at the Arsuk glacier quartzites and
dolomites below the amphibolites, and rusty mica schists in the amphi­
bolites, could be considered to be equivalents of the Grænsesø Formation.

An occurrence of 300 m of mica schist below quartzites and above
the gneisses, immediately south of the Arsuk glacier, appears to have no
equivalent in Grænseland or in other areas.

The Arsuk 0-Storø area

Arsuk 0 and Storø (fig. 1), the c1assic area of the Ketilidian supra­
crustals in the Ivigtut region (WEGMANN, 1938), has been remapped and
subjected to detailed stratigraphical analysis by I. MULLER. The rocks,
which occur in a major basin structure, are less well preserved than those
of Grænseland, but exhibit an interesting tectonic and metamorphic
history.

A stratigraphical correlation between Grænseland and the Arsuk 0 ­
Storø area based on local stratigraphical subdivisions (MULLER, pers.
comm., 1966) is given in table 11.

Comparisons with the Arsuk 0 area are primarily based on the bor­
der between the pillow lavas and the sediments which is presumed to be
equivalent to the border between the Sortis Group and the Vallen Group.
Further the orthoquartzites and arkosic quartzites may be correlated
with the Banded Quartzite Member. The Issua Formation of Arsuk 0
seems thus directly comparable to the Grænsesø Formation, and it is
possible, between the Issua Formation and the quartzites, to distinguish
sedimentary sequences corresponding to the Dolomite Shale Member and
the Blåis Formation, as a whole. There are clearly many similarities be­
tween the stratigraphy of the Arsuk 0 area and Grænseland, but some
differences and peculiarities should be remarked:

1) There are volcanic tuffs in the Taylers Havn Formation; these,
however, occur at a level which approximates to the levelof the
"wildflysch"-arkose unit in the Blåis Formation and the appea­
rance of the lower greywacke-dolomite succession south of Lappe­
sø (see p. 75 and p. 133). It may thus be postulated that the tec­
tonic activity which led to the Blåis Formation basin develop­
ment and the formation of greywackes elsewhere in the region
may have been accompanied by volcanism.

2) The rocks of the lower part of the Taylers Havn Formation be­
low the volcanic tuff may be compared with the Dolomite Shale
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I Structural discordance at Taylers Havn.

Issua
Formation

"Levant"
Formation

Taylers Havn
Formation
(350-400 m
exposed)

Arsuta
Formation

Evqitsut beds
(onlyexposed on
Evqitsut island)

StorøArsuk ø

Banded dolomitic quartzites. } 10-15 m
Calcareous dolomitic phyllites. exposed

l Pillow lavas including pyroclastics, black pyritic phyllites and chert

j
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Pillow-lavas and lavas including pyroclastics, black pyritic phyllites and black cherts.
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lites with biotite. Volcanic tuff.
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Member, especiaIly their phyllitic portion. It is of interest that a
thick dolomite is found at the top of this sequence.

3) The upper part of the Taylers Havn Formation above the vol­
canic tuff exhibits an alternating pelite and carbonate facies. If
these rocks correspond to the lower part of the Blåis Formation,
then the lateral facies changes apparent in Grænseland clearly
extend to other areas.

4) The "Levant" Formation, developed in Storø, might correspond
to the upper part of the BIåis Formation. The author would here
like to indicate the possibility that this formation might thin
considerably so that in the narrow sound Ikerassarssuk, between
Arsuk 0 and the mainland, there may be littIe or no representa­
tive of the "Levent" Formation. Such a thinning would imply a
NE-SW-trending sedimentary basin, which may partly have con­
trolled the present exposed basin structure.

5) The Issua Formation is graphite-bearing on Arsuk 0 without
dolomites, and is comparable to the Grænsesø Formation. The
Issua Formation on Storø is of a different character.

6) The piIIow lavas of the Arsuta Formation differ somewhat from
the Foselv Formation and the Rendesten Formation and there
is no feature which might correspond to the border between
these two formations. The tendency of pyritic shales and chert
to occur high in the lava succession is common to south Grænse­
land and to Arsuk 0. No clear division of the Sortis Group into
the Foselv Formation and the Rendesten Formation, can be
recognized in the Arsuk 0 - Storø area.

The IIordleq area and the southern part
of Kobberminebugt

In the IIordleq area a sequence of 1500 m of sediments, homogeneous
basic volcanics, laminated calcareous rocks, banded sediments with pyro­
c1astics and agglomerates, plagioclase porphyries and homogeneous basic
volcanics occurs (WATTERSON, 1965, p. 13). It is beIieved, as BERTHELSEN
has also suggested (1965, p. 128), that this sequence - the IIordleq Group
(ALLAART et aL, in press) - represents a comparatively high stratigraphic
levelof the Ketilidian succession above the Qipisarqo conglomerate. This
succession can be traced towards the west along the north coast of
Alangorssuaq where piIIow lavas occur (HARRY and GEN, 1964). How­
ever, GHlSLER (1968) has drawn attention to the occurrence ofcopper
mineralizations in the IIordleq Group and on this basis compared the
sequence to the pre-Ketilidian Tårtoq Group.
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Søndre Sermilik

In Søndre Sermilik (ESCHER, 1966) a thick sequence of rocks may be
divided into a lower sedimentary division (1500 m thick) and an upper
volcanic division (700 m thick) as is also the case in the Ivigtut region.
The sediments, which may correspond to the Vallen Group, show no
striking similarity to the succession in Grænseland. From below pelitic
gneisses (~500 m), semipelites (<; 500 m), pelitic schists including sul­
phide- and graphite-bearing layers (450 m) and quartzites (> 800 m) are
the principal units of the sedimentary succession. The base is unknown.
It should be mentioned that the Ketilidian age of the sediments and vol­
canics in these southernmost regions in Greenland is not established with
certainty (WATTERSON, 1965 p. 135, ALLAART, 1967 p. 138ft).

Ketilidian basins

Although the stratigraphy of the Ketilidian is incompletely known
in the Ivigtut region as a whole and there are many uncertainties in corre­
lations, a pattern of Ketilidian sedimentation is apparent from the geology
of the supracrustals.

In general, the Vallen Group sedimentation seems to have begun
with the deposition of orthoquartzites, a feature which seems to be com­
mon to basin sedimentation commencing at major unconformities (PETTI­
JOHN, 1943).

These sediments and the immediately succeeding deposits of finer
clastic material were mainly laid down in at number of limited basins,
which gradually widened. Tectonic activity and accompanying grey­
wacke deposition accentuated the basin development as can be shown
in both Grænseland and Midternæs (HIGGINS and BONDESEN, 1966).
The axes of these basins may possibly have had NE-SW or ENE-WSW
trends.

In addition to the three basins known in north-west Midternæs,
south Midternæs and north Grænseland, and central Grænseland, a fur­
ther basin may have existed in the Arsuk 0- Storø area.

The comparatively thick sequence of sediments immediately to the
south of Arsuk glacier may indicate a section in a separate basin of de­
position. The comparatively thin Vallen and Sortis Group succession in
the Qornoq fjord area may be an indication of a major dividing ridge.

The Qipisarqo Group with its thick conglomerate might have its ex­
planation in alater phase of development in the Kobberminebugt area,
which mayaIso have had a NE-SW axis. If this later basin development
was also controlled by tectonic features, the Qipisarqo Group conglome­
rate, which contains boulders of gneisses and migmatites, occurs near an
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area where the Vallen Group and Sortis Group were relatively thin and
where basement rocks could most easily be exposed to erosion.

The character of the Rendesten Formation in Grænseland also seems
to indicate renewed tectonic activity in the basins, and it would thus be
possibIe on this basis to consider the Rendesten Formation as penecon­
temporaneous with at least part of the Qipisarqo Group.

The conception of the Qipisarqo Group as a flysch facies, as BER­
THELSEN (1965, p. 128) has advocated, would be consistent with these
ideas. It must, however, be stressed that the development of a possibIe
Kobberminebugt basin cannot, on present evidence, be related to any
phase of deformation. As will be shown later, (p. 186) it is likely that the
Qipisarqo Group was aIready in existence prior to the first phase of Ke­
tilidian deformation recognized.

Comparisons with regions outside Greenland

The attempts to establish a stratigraphic division of the Precambrian
(SmoRENKo, 1963; HARPUM, 1960; QUENNELL and HALDEMANN, 1960)
have gained much interest. These efforts have mainly been concentrated
on the best preserved supracrustal successions in different parts of the
world and it is the author's view that the Grænseland sediments and vol­
canics can be regarded as belonging to these. In the folIowing other oc­
currences comparable 'td. Grænseland will briefly be mentioned, and it is
noted that those which show the closest similarities on purely lithological
grounds also are of comparable ages. Regarding comparisons of the geo­
logy on both sides of the Davis Strait is referred to ALLAART et al.
(in press).

A sedimentary evolution very similar to that found in the Ketilidian
occurs in the Labrador trough (1800-1600 m.y.) on the Canadian shield
(GASTIL et al., 1960). This, the nearest of the comparable occurrences, has
a sedimentary development in its lower part comparable to that seen in
the Vallen Group. Iron-formations, however, seem to be much more com­
mon both in the sediments and in the upper volcanic division. Organic
structures similar to Vallenia have been reported (STINCHCOMB et al.,
1965).

There are also similarities between the Huronian (1650-1750 m.y.,
GOLDICH et al., 1961) in the Lake Superior region and the Ketilidian.
Again iron-formations are more widespread, but the sedimentary suc­
cession with respect to quartzites and dolomites exhibits a similar deve­
lopment. A rich assemblage of organic material has been reported from
the Gunflint chert (BARGHORN and TYLER, 1965; CLOUD, 1965) and an-

185 10
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thracite coal also occurs in the Michigamme Formation under circum­
stances very similar to the Grænsesø Formation (TYLER et al., 1957).

On the Scandinavian shield the development of the Karelian (SI­
MONEN, 1960) may be compared with the Ketilidian. Relations near the
basal unconformity of the Jatulian, with the quartzites, dolomites, shales
and greywackes which comprise the Ladoga Formation, and the Onega
series with carbonaceous material and dolomites, exhibit strong similari­
ties to the development of the Vallen Group. In the Onega series schungite,
a coal shale, occurs (KHARITONOV, 1963). The ages of Karelian structures
and metamorphism are between 1700 m.y. and 1900 m.y.



THE DEFORMATIONS

General introduetion

Subsequent to the deposition of the sediments and volcanics and the
emplacement of intrusions in the higher parts of the succession, the whole
complex was subjected to plastic and cataclastic deformations. Two
main phases of folding can be distinguished in Grænseland. Related to
the movements metamorphism and partial recrystallization occurred.
New minerals, especiaIly micas, were developed in accordance with the
prevailing stress/strain pattern.

The main structural divisions of the Ketilidian (see p.16) reacted very
differently to the deformations according to their competency, which
largely seems to have been dependent on the physical properties of the
original material, and the tectonic development during previous defor­
mations. The vertical alternation between incompetent and competent
material, the position in relation to the major sedimentary basins, and the
horizontal facies changes have played an important role in the distri­
bution of the structures.

The establishment of the main phases of folding

The key area for the establishment of the successive phases of folding
is the area south of Vallen at the stratigraphic levelof the Dolomite Shale
Member.

The lower part of the dolomite shales is folded in asymmetric tight
folds of similar type (fig. 54). The bedding planes are visible as furrows
weathered out because of higher content of carbonates. The folds also
occur in close connection with thrusts or reverse fauIts (fig. 54) and give
a clear indication of the relative movement. Thus, folding and thrusting
were related to the same movements.

Otherwise the shape of the folds and the existence of a strong cleavage
parallel to or very nearly parallel to the axial planes is typical (fig. 55).
The folds are generally tight but never quite isoclinal; they are overturned
asymmetric folds and their axial planes dip eastwards sub-parallel to the
regional dip of the bedding.

10*
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Fig. 5f,. Asymmelric to isoclinal similal' folds (17 1 ) in thc lowcr part of the Dolomite
Shale Mcmber of the Zigzagland Formation. The bedding planes are seen as furrows.
A small thru·t has developcd. The scaJe i indicatcd by thc hammer in the low r'lIlosl
synclinal elosure below lhe lhrusl plane. The drawing (from another photograph)
shows the sense or movement and lhe slyle ar lhc folding, Localily aboul 2 km soulh

of Vallen.
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Pig. 55. Closurc of a large similar P l fold. ThI' bedding planes are apparcnl as fUrTOWS
which represen l weal hercd-out arbonale-rich hor'izon:. TllPY havc an M-shaped
str'ucturc characteri tic ol lhe ciosul'e zone and arc cut nearly al righl angles by til
axiai plane cleavage. Localily in I.he lJolomite Shale Member of Ihl' l',igzagland

Formation aboul 2 km outh ofVallen.

These folds are the oldest fold str'ue1.ures (1;\) found in the area.
Their axial plane cleavage is called S1, and their fold axes L 1 pI unge ESE
at angles af 10° Lo 30°,

The S1 planes completely dominaLe ihe dolomite shale and are,
with the bedding, the planes on which Lhe F 2 folds developed (flg. 56).

F 2 fold are generally asymmeLric to overturned with an axial plane
dipping towards the north-west. L 2 axes plungc ENE al. angles af 20° to
40° depending on the position af S1 Ol' the bedding. As both these planar
truetures always dip ea twards F 2 folds always have a Z hape when

viewed in profile dawn Lhe plunge. 8 2 is generally dcveloped in areas
where tho folds are formed, but is r>ar>ely evident el ewhere; occasionally
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this plane i een a aminute f1ssuring giving the same displacement re­
laLions as Lhe F 2 folds.

From the key area, F 2 folds an all seales ean be traced Lhroughout the
area. They are eharacterized by a sLriking parallelism af 52 as well as Lhe
Z shape and the vergence, and al'e therefore easily reeolYnizable. The di­
men ion of the F l and F 2 folds in Lhe key area sueh thaI. F 2 is always on
a maller scale than Fl' There is therefor'e no considerable deflection af

Fig. 56. Relations between the bedding plane (S:-;), F I fold and their axia! plane
cleavage (S.), and F. folds and the eorresponding cleavage ( .) as ean be ob erved

in the lower part of thc Dolomile hale Member outh of \'allen.

LI by F 2 folding and the lincations LI and L2 group into two clustel's
when plotted an stereograms (typically ·hown in o. 12, plate 13).
There is very Iittle variation in the amount of pJunge of L 2 but same va­
riation in trend. The variation in trend is apparent on some small seale
F 2 folds which have a form, close to that of "kink folds" (RAMSAY, 1967).

Locally 52 planes are een to be deformed in small open folds which
are related to a third phase of folding, F3' The key area for relation hips
between the three phases of folding is the peninsula in norLhern Lappeso.
Their l'eIationships are demonstrated on diagram 21 of plate 13, where a
cluster of sLeep L3 plots is indicated. L 3 pI unges ~W Ol' 'W, the amount
of plunge depending on the position of 52 Ol' other plane whieh are folded
by F 3' L3 only shows a consistent direction where il. is superposed on 52
and only in Lhis situation F 3 ean be distinguished with certainty; the
plunge of L3 in this case varies between 45° and 70°. S3 has a steep north­
eastern dip Ol' may be verLieal.
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It is only in rare cases that the relation Fl' F 2 and F 3 can be establi­
shed at the same locality and the distribution of F 3 seems to show that F3

folding was mainly concentrated in earlier thrust zones or near fauIts.

The distribution and description of F1 structllres

Folds with similar geometric relations to those of the F 1 folds of the
key area have only been found locally in the sediments and are generally
confined to incompetent layers, just below or above competent bands.
The folds in the key area mostly occur just above the banded quartzites
of the Zigzagland Formation.

From the area south of Vallen folds of F 1 type and age can be traced
southwards at the same stratigraphic level. In the varved shales F1 struc­
tures have occasionally been observed as minor drag folds (their orien­
tation is seen in diagram 11, plate 13). Strong lineations such as rodding,
parallel to Lil have also been observed in the talc quartzite.

In the area north of Lappesø, F 1 folds also occur at higher strati­
graphic levels in the succession in incompetent bands (diagrams 18, 19
and 20, plate 13). The dolomite bands in the higher part of the lower
greywackes form mappable structures coincident with F1 and minor struc­
tures related to these correspond to Ll' North-east of Lappesø a few
smaller isoclinal folds (Fl?) were observed, refolded around larger F 2

folds.
South of Lappesø, a large isoclinal structure with an axial plane

close to Sl can be mapped by means of dolomite and shale horizons in
the graded greywackes (plate 11). Small scale F 1 folds refolded by F2 have
been observed in the vicinity. The true nature of the large structure is,
however, somewhat uncertain as the axial relations are not known. It
may be a major F 1 fold, in which case it is an isolated phenomenon, or it
could be an exceptionally strongly overturned and compressed major F 2

fold. The latter case would be consistent with an increasing intensity of
F2 deformation from north to south (see p. 154).

In the area between Vallen and Grænsesø no structures related to
F 1 have been found below the Grænsesø Formation. In the northern part
of Grænsesø fold structures of the first phase of deformation have not
been detected with certainty. However, the sediments in this area exhibit
a strong cleavage sub-parallel to the bedding, corresponding to the regio­
nal Sl' and which is folded by F 2'

In the Grænsesø Formation, F 1 folds occur locally, particularly in
the parautochthonous area in the southern part of Grænsesø (diagram 6,
plate 13) and in the area near Vallen (diagram 7, plate 13). Folds of this
phase, Ol' traces of movements related to Fl' appeal' to be more common
in the lower part of the Grænsesø Formation where a strong Sl cleavage
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is prominent. However, this part of the formation is often poorly exposed
(see p. 93).

In the sediments of the Rendesten Formation, a strong cleavage is
widely distributed, folded by F 2 folds, and in some cases it ean be seen
intersecting the bedding. No folds related to this SI cIeavage have been
observed:

The distribution and description ol F2 structures

Folds related to the second deformation are developed throughout
the area and are generally easily distinguished, although they are very
often only seen to deform the bedding (SS). The criteria for the identi­
fication of F 2 folds, which are empirically valid, are their ENE-trending
axes, NNW-dipping axial planes and their Z-shaped profile when viewed
down the plunge. There is a general southerly vergence. The dimension
of the folds vary from a few centimetres to major mappable structures.
Generally an S2 cleavage is developed.

In the Zigzagland Formation and the Blåis Formation north and
north-east of Grænsesø, broad open anticlines with a wavelength of 100 m,
and more compressed and smaller synelines occur. The area which divides
the outlier of pillow lavas from the main pillow lava area north of the
large WNW-ESE fauIt is a broad open F 2 anticline.

In the Grænsesø Formation in this northern region F 2folds are very
common but of much smaller scale than in the underlying sediments, thus
underlining the structural disharmony between the two main structural
divisions of the sediments and the pillow lavas.

Larger structures, however, are apparent in the form of culminations,
comprising sediments of the Grænsesø Formation with complex internal
folds (fig. 57). Above these culminations the lavas and accompanying
intrusions form fauIt bounded anticlines. Such structures are exposed in
the valleys where the Grænsesø Formation, as seen on the geological map
(plate 11), crops out over fairly large areas. A schematic illustration of
these structures is given in fig. 57. It is possibIe that the relations in the
SSE-trending valley 2 km south of Lappesø, where the Grænsesø For­
mation is exposed, represent a similar feature. This would then be a con­
tinuation of the large isoclinal fold structure south of Lappesø, aIready
discussed on p. 15t.

In the area between Vallen and Grænsesø (diagrams 8, 9 and 10,

Fig. 57. Culminations in the Grænsesø Formation. The culminating structure seen
in the photograph (on the west coast of middle Grænsesø) may be compared to
the simplified sketches below. These sketches represent two types of culminations
of the Grænsesø Formation in the Grænsesø area. On the photograph the strongly
folded middle part of the Grænsesø Formation with dolomite layers and lenses occurs

belowalarge sill. Pillow lavas cap the summits of the hills.
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plate 13) only comparatively open folds of more or less concentric type
occur. Here there appear to be special relationships between numerous
small faults in the basement and folds in the immediately overlying sedi­
ments; the folds are developed over displaced blocks of basement. The
fault planes continue upwards as the axial planes of the folds, at first with
a vertical attitude but higher in the succession bending southwards so as
to dip north at an angle as low 45°.

The area between Vallen and Grænsesø is the least deformed in the
sedimentary main structural division and some small areas are almost
undeformed ; Flis lacking and F 2 is of a very simple type. A weak 51
cleavage is present (fig. 29). This is thought to be due to the position of
the area relative to the old fault-controlled ridge feature which developed
during the sedimentation. To judge from the general southerly vergence
of F 2 folds the area might be regarded as sheltered behind the ridge.

The Zigzagland Formation in the area between Vallen and Lappesø
is only affected by small-scale F 2 folding in the incompetent layers. In the
Varved Shale Member numerous small chevron folds occur with a wave­
length of about 10 cm and in the Dolomite Shale Member F 2 folds with a
wavelength of 5 to 25 cm are developed on SS and 51 similar to those de­
scribed from the key area. The quartzites seem to have reacted to F 2 only
to the extent of minor faulting but with displacement relations characte­
ristic of F 2'

The Blåis Formation in the area between Vallen and Lappesø
exhibits a fold pattern disharmonic to that of the Zigzagland For­
mation.

The fold pattern has been mapped on aerial photographs on the
scale 1 :10000, and the results are presented in fig. 58. There is a clear
disharmony between the incompetent pelite-semipelite succession and
the competent graded greywackes. The latter is in the northern part of
the area largely deformed into open folds of a concentric type in contrast
to the complicated pattern of similar type folds in the underlying sedi­
ments. These folds are especiaIly intensely developed in the vicinity of
faults cutting up through the succession from the basement. In addition,
there appears to be an increase in the intensity and size of the folds up­
wards to the base of the graded greywackes.

In the area along the margin of the Inland Ice, large open asymmetric
F 2 folds with NW-dipping axial planes can be mapped. The dimensions
and intensity of the folding increase towards the south. Between the lakes
north of Lappesø, a major tight asymmetric overturned fold occurs. Be­
low this structure several zones of strong shearing with disharmonic fol­
ding above and below have been mapped as thrusts.

The large isoc1inal fold south of Lappesø, which was described earlier
(p. 151), could, as stated, be regarded as a major F 2 fold. While this
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would be consistent with the increasing intensity of F2 deformation to­
wards the south (as shown in fig. 5S), it would imply that the axial plane
(S2) had changed its position to a more SE-strike and easterly dip. Such
a tendeney is in faet aiready apparent in the diagrams 1, 19 and 20 pre­
pared for the areas north of Lappesø (plate 13). In addition, relations
eharaeteristie of F 2 eulminating struetures in the Grænsesø Formation
and in the lavas and intrusives (mentioned on p. 152) seem to be
present.

Small-seale struetures in the area south of Lappesø (Fl?) have a
varied southerly plunge, whieh may be eaused by refolding. The dolomites
of the area also exhibit a eoneentration of folds of uneertain age with
axes plunging close to the usual direction of L2, and other folds with a SSE­
dipping axial plane. The latter might belong to a younger deformation,
eharacteristic of the region and not eonsistent with F 3 as found farther
north.

F 2 folds are very eommon at higher stratigraphic levels espeeially in
the Rendesten Formation. The areas from which the diagrams 26 and 27
(plate 13) have been prepared show a development of folds whose axes
are eonsistent with L2. Folds in the bedded greywaekes are mainly typieal
coneentric types well exposed just west of Sortisen and along the western
shore of Rendestenen. In ineompetent beds, exhibiting a supposed SI
cleavage, complicated folding of F 2 age is apparent and in some areas
S2/S1 interseetions have the form of a "pencil shale" lineation. In other
areas, and especially on the "peninsula" south of Sortisen, varved shales
were apparently deformed only by F2 struetures (fig. 46).

On the southern "peninsula" and partlyaiso on the northern "penin­
sula" the geologieal map exhibits a pattern whieh eould be intrepreted
as due to folding. Long streaks of rusty shales exhibiting F2 struetures
are seen to bend round southwards in a large closure. The shales are
included in coarse-grained basic intrusives whieh show littie or no de­
formation.

Similar relationships are found in the north-eastern part of Fønland
(in the area of diagram 3, plate 13). The strongly folded banded semi­
pelites (fig. 42) are homoaxia1. As seen from the diagram the position of
the axes corresponds more or less to L2 although the plunge has a NNE­
trend.

In the area of diagram 4 (plate 13) a mappable major structure is
found between two thrust zones. As apparent from the diagram the minor
struetures are strongly disordered. Intrusions similar to those in the sub­
areas of diagrams 3 and 26 also oecur here, but seem to be of a eross-eut­
ting nature.

The relations of the folded sediments around the large intrusions
in the areas mentioned above suggest that the folding is largely F 2. How-



I Stratigraphy and Deformation in Grænseland 157

ever, the intrusive rocks are astonishingly littIe infiuenced by the move­
ments. During the field work this phenomena gave the impression that the
intrusions might be synkinematic to F2' As this hypothesis cannot be
convincingly demonstrated it is not discussed further although clearly it
may have considerable chronological implications.

The deformation of the pillow lavas and the intrusives

In the two preceding sections the structures described have been
restricted almost entirely to the sediments. The lavas and the intrusive
bodies are relatively competent and this is illustrated by the type of
structures they exhibit.

Plastic deformation of the thick pillow lavas and the intrusive bodies
is very rare. The large-scale bending, previously mentioned, which can be
detected from the structures of the underlying sediments, cannot be
mapped or observed in the lava succession alone. The rare traces of pri­
mary planar orientation found show that the whole succession in Fønland
has a shallow eastward dip, around 10-30°. In the Foselv area steeper
inclinations, around 40-60°, are found.

Traces of deformation are confined to shear zones with small dis­
placements. These zones of crushing may have a pronounced schistosity
oblique to the trend of the zone. The general tendency of the schistosity
with respect to the extension of the zones has been mapped in the Fønland
area, and is shown in plate 13.

The shear zones show a varied and curved trend either NNW-SSE or
NE-SW. The NE-SW trending zones are evidently related to the F 2

swellings of the Grænsesø Formation and are especiaIly frequent around
these phenomena in the western part of Fønland where they are associated
with a second type of shearing; this has the form of broad zones of
minute fissures with little displacement, denoting a feebly plastic de­
formation of the pillow structures. These zones could not readily be
mapped because of their diffuse character.

In the areas close to the planes of structural discordance in the Græn­
sesø Formation (especiaIly in the Foselv region) and below the eastern
thrust zones, a strong schistosity comparable to Si occurs.

Tensional features are common in the pillow lavas and the intrusive
bodies. They occur on a very minor scale and on a major scale, often of
metres. The open fissures developed may be filled by quartz. No regional
pattern has been distinguished although there is a tendency for the larger
quartz veins to be vertical with an E-W trend.
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The reaction of the basement

The basement gneisses do not seem to have been folded together
with the supraerustals. One possibIe exeeption is found in the area be­
tween Vallen and Grænsesø where a broad open antic1inal strueture is
seen to deform the sediments of the Vallen Group. The strueture seems to
be superimposed on a pre-existing ridge-like eulmination formed during
the sedimentation. This strueture loeated in the south-west eorner of
Grænsesø south of the Bæversø fault is apparent on the struetural eontour
map (fig. 6) and the trend of its axis seems to coincide with the axes of
F 2 structures.

In the uppermost altered zone of the basement, just below the oldest
sediments, small-scale fold struetures and sehistosity, related to F 2 and
perhaps also F j, may sometimes be seen.

In all other areas the basement rocks react in a brittIe manner and
are deformed only by rupture.

In the northern part of the aTea north of Grænsesø, small shear zones
are found in the gneisses below the quartzites. These small, Ioeal "thrusts"
are diffieult to relate with any of the phases of folding and might have
been moved during both the main phases.

In the area between Vallen and Grænsesø numerous small faults
displace the basement-sediment border by amounts of 1 to 2 m. These
small faults, which deeper in the gneisses cannot be distinguished from
normal jointing, have as previously mentioned a relation to F 2 folds deve­
loped in the sediments above (see p. 154).

Closely spaced faults in approximately the same direction (NE) are
found south of Vallen (see fig. 58 and plate 11, 12 and 13). These also
seem to have some relation to the F 2 folds in the sediments whieh are
particularly eommon in the vieinity of the faults (fig. 58).

In the southern part of the region shear zones and zones of strong
sehistosity are found along the border of the Ketilidian supracrustals. The
shearing intersects the lithological banding of the gneisses and the meta­
dykes found in that region (see p. 175). The schistosity is locally folded.
Although displacement along the shear zones occurs, this is not very pro­
minent.

The shearing can only be related to the deformation of the Ketilidian
by its spatial distribution. The faet that the shearing of the dykes mainly
occurs on north-east- and eastwards-facing contacts also suggests that
the same forces are responsibIe for both shearing and Ketilidian defor­
mation. The shearing may be related mainly to the first deformation as
the shear zones are sub-parallel to the border of the supracrustals and to
Sj' The shearing may thus be related to the main F j thrusting whieh is



Fig. 59. Large breccia in basement gneisses \Vest of Zigzagland (see plate 1). 'I'he fragments are parlly oriented in their longe t dimensions
and are transected by secondar'y tensional fissures. The bordel' of the breccia (upper left cOJ'ner) is sharp (sce also fig. 61). Allhough the fr'ag­

ments form a cohesive mass as seen from the ice-polishecl surface, the spaces between the fragments seern to be elTIply.

o
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Fig. 60. Minor breccia in the basement gneisses \Vest of Vallen. The rock is crushcd
with tensionaj openings and the fragments are only ·lightly rotated. Xo matrix

is presen l.

e pecially prominent in this area (see p. 166). However, it is also apparent
that shearing took place during the second deformation.

Breccias are prominent features in the gneisses west af Zigzagland.
They OCCUl' cithel' as large elongate al'eas of bl'ecciated and fragmented
gneiss rocks (fig. 59) Ol' a smallel' local features (fig. 60). The fragment
in Lhe breccia are angular and the matrix where pl'esent is either of fine
cru hed gnei s Ol' in some cases composed af carbonates. uaJly, as evi­
dent in the figures, matrix is lacking. Th bl'eccias have sharp bordel'
(fig, 61).

The bl'eccias al'e doubtless af tectonic ol'igin and have no relation to
intrusive activiLy. Clnonologically they are older than the small meta­
dykes (p. -1.77), whieh al'e folded by F 2 folds and cut F l folds, as the meLa­
dykes intrude such a bl'e cia zone. The bl'eccias are probably youngel'
than carbonatization and sedimentation, a they tran ect dolomitc veins.
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Fig. (;1. Border' belween a breccia and unbreccialed rock in banded gneisses \Vest of
Zigzagland. Thc bord r is very harp and lhe fragment here more disinlcgrated and
fissured than in the central par'l of lhe breccia (fig. 59). The banded struclures in
the gneisses ean be lraced in lhe fragments suggesting that no lransportation Ol'
significant displacemen t of lhe fragmen ts has takcn place. A smal! vesicular lampr'O-

phyre (Gardar) has intruded the breccia 'en cchclon' at the bordel'.

The most likely date for thcil' rormation would be that they wet'e forme d
during the ftrst phase or derormation.

Numerous inegular tensional fis ure often rust-coated, appeal' Lo
be related to the breccias (fig. 5). Similar structures are also found ovet'
large areas of the basement gneisses and also may be the reaction of tho
basement to the Kelilidian deformation.

The pre-existing j oint system in the basement has to a large extent
been reactivated and new j oints have possibly been formed . The thus
strongly j ointed terrain has a curious large-scale breccia strucLul'e
(plate 1) which is thought to have mainly originated durinO' Ketilidian
deformation.

J 5
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The development of thrusts as elucidated from
a key area analysis

The main structural divisions (see p. 16) are divided by planes of
strong structural disharmony, i.e. planes below and above which the size
and style of folding are entirely different and along which slip apparently
has occurred. These and other structural planes have been mapped as
thrust planes on the basis of such disharmonious relationships although
in some cases these cannot be shown on the scale of the map.

At the base of the thrust units and in the immediate surroundings
of the planes of structural disharmony strong shearing is characteristic
and mylonitic rocks may occur. In some cases there is an intense folding
which to some extent can be related to either Flor F 2' Generally there is
a concentration of lineations on the stereograms near the regional L2,

but a considerable scatter is also apparent. To examine this scatter and
the complex relationships in the thrust zones the border between the Do­
lomite Shale Member of the Zigzagland Formation and the black pelites
of the Blåis Formation in the area south of Vallen was selected.

In this area the relations between F 1 and F 2 are well known and also
thrusts related to F1 folds at the base of the Dolomite Shale Member
occur (see p. 147). Another thrust zone at the top of the Dolomite Shale
Member can be traced from an area of littIe or no displacement at the
south coast of Vallen into an area of strong dislocation and lateral move­
ment farther south. A small metadyke has been displaced 100 m in a
dextral sense along the thrust zone (see p. 178). About 1 km south of
Vallen a strong variation in the direction and plunge of the minor folds
was found in the thrust zone (fig. 62 and plate 13). The general eastern
dip of the zone is from approximately 20° at Vallen to 45° and 60° farther
south. The thrust apparently moved as aresult of the forces producing
the regional F 2 folds and in accordance with the vergence of these folds
i.e. towards SSE.

The selected area around the above described thrust zone was di­
vided into sub-areas in three zones. The dolomite shales beneath the thrust
contain the sub-areas A, D, E, J, K, and L. The sub-areas B, C, F, and
parts of H and M are in the thrust zone itself. The strongly folded, but un­
fortunately badly exposed black pelites above the thrust zone are divided
into the sub-areas G, N, and 0, and as a control a further sub-area P was
selected 500 m north-north-east of the sub-area O.

Fig. 62. Variations in linear structures around the thrust zone between the Zigzag­
land Formation and the Blåis Formation. The sub-areas north-west of the thrust
are in the Dolomite Shale Member and the sub-areas south-east of the plane are in
black pelites. For explanation see text. The location of the map area is shown in
plate 13. The stereograms are Wulff-net angle-true upper hemisphere projections.
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d' Fold axis of unknown relations

,; Axis of F I minor fold

d' Axis o(F, minor fold
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planes in a single fold
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In the sub-areas as many linear features as possibIe - mainly fold
axes - were measured and their interrelationships were noted. The me­
asurements have been plotted in the stereograms of fig. 62.

In the zone below the thrust zone in the sub-areas A, D, E, and J,
both LI and L 2 could be measured and distinguished. In the sub-areas K
and L no lineations corresponding to the position of LI were observed and
all the measurements group around the position of L2• The lineations were
here observed and measured on both SS and on cleavage planes sub-

Fig. 63. Variation in small-scale F. fold axes related to two bedding planes. The open
and black fold axis symbols each represent an individual bedding plane. The arrow
indicates the sense of bend in the axes. Wulff-net angle-true upper hemisphere pro-

jections.

parallel to the bedding corresponding to SI' It seems therefore likely that
F 1 folds did not develop in the sub-areas K and L although SI was pro­
duced.

In the zone above the thrust zone represented by the diagrams O, N,
G, and P large clusters of lineations group around the position of L2 •

These lineations were observed on both SS and SI' Two lineations on
diagram N and one on P correspond to Ll' Apart from the scarcity of LI
there do not seem to be any important differences between these diagrams
and the diagrams of the zone below the thrust plane (A, D, E, J, K, L).

The diagrams representing the sub-areas B, C, F, and parts of H and
M, which cover the thrust zone itself, show a considerable scatter of the
lineations. They vary from the approximate position of L2 southwards
on the stereograms. The variation in plunge increases with the divergence
from the L 2 position.

The diagram of fig. 63 shows two cases of variation of folds, related
to the same bedding plane. Although vaguely twisted the plane did not
seem to be deformed by any major fold structure. The variation in trend
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of the fold axes corresponds to the pattern obtained from the sub-areas in
the thrust zone.

The explanation of the deflections observed in the field and obtained
from the diagrams could be that the L2 lineations were refolded. This,
however, does not seem to be the case as no F 3 folds corresponding to the
great circle of the scatter exist. A great circle scatter could be considered
in the diagrams B, C, and M, whereas the scatter on diagram F confirms
rather a small circle.

Fig. 64. Orientation of the tectonic axes based on F 1 variations (as indicated by elon­
gated dotted areas). SS, SI and S. planes are drawn as averages for the thrust zone
shown in fig. 62. The poles of the tectonic axes for the sub-areas A, J, and M (fig. 62)
and 21 (plate 13) are indicated with appropriate lettering. Wulff-net angle-true upper

hemisphere projections.

It could also be considered that the L 2 fold axes were scattered be­
cause these lineations were not folded but deflected. This would be pos­
sible if the planes which contain the fold axes (i.e. SS and SI) were oblique
to the tectonic axes of the F 2 folding.

The tectonic axes in the sence of RAMSAy (1967) for F 2 cannot be re­
constructed with any accuracy from the material available, mainly be­
cause LI only shows a small degree of variation. If F 2 is of similar style,
as it appears to be, the deformed F 1 lineations should vary along a great
circle and the intersection of the great circle and S2 should then correspond
to the tectonic a-axis (RAMSAY, 1960; WEISS, 1959). The tectonic b-axis
is found 90° from the intersection along the S2 great circle.

The F 2 tectonic axes have been constructed from the diagrams A, J,
M, and from diagram 21, plate 13 and are shown in fig. 64. It is seen by
comparing the diagrams that the approximate tectonic b-axis is inclined
at the low angle to the SI and SS planes, the planes which possibly con­
trolled the thrust plane. Under these circumstances it seems most likely
that under continued movement a deflection towards the axis of tectonic
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transport (the a-axis) would take place according to the pattern shown
by the diagrams representing the thrust zone (B, C, F, H and M).

The strongly folded slates exhibit in several localities abnormal
wrinkles and kinks of Z-type characteristic of F 2' These are rotated in a
spiral manner around axes parallel to the regional L2. If such rotations
have led to a twisting of perhaps more than 360°, it would mean that the
folds became detached from the thrust plane. The scatter obtained by the
rotation should produce a small circ1e pattern. However, variations in
steepness of the spiral would lead to further deviations from a small cirele
pattern, and thus obscure this pattern.

The existence of spiral folds and twisted S2 planes offers an explana­
tion of the steep plunges and the fan shaped scatter in the diagrams B, C
F, and M (fig. 62). It mayaIso explain the deflection of more than 90° from
L2which exceeds the angle between L2 and the tectonic a-axis (diagram
M, fig. 62). It is thus possibIe that the chaotic L2lineations producing the
scatter in the diagram are aresult of both deflection and twisting (rota­
tion) of folds formed in the initial stages of the development of the thrust.

The thrusting

A major thrust is found below the Grænsesø Formation at the base of
the pillow lava main structural division and at the base of the eastern
thrust complex. The eastern thrust complex may comprise a number of
thrust slices controlled by major intrusions.

The displacement of thrusts ean only be stated for the one case men­
tioned in the preceding section. The shift of 100 m dextrally of the small
metadyke (fig. 68) is the order of displacement. To judge from the scale of
the structures in the main sedimentary structural division, which have
been overridden by the higher thrust units, the total thrusting may a­
mount to several hundred metres.

Thrusting from NNW has been shown to have taken place during and
in a continuation of F2 movements. It is, however, also believed that
thrusting from NE occurred penecontemporaneously with F1 deformation,
as mentioned on p. 147 and seen from fig. 54.

The only locality where F 1 folds have been found without super­
imposed F2structures of significance, is at the base of the Dolomite Shale
Member of the Zigzagland Formation. Here strongly chloritized and tec­
tonized zones (fig. 27) occur, related to the folding. These zones are slip
zones or thrusts. The general vergence of FIstruetures and the orientation
of SI shows a parallelism with the main thrust zones trending from north
to south through the area. This parallelism suggests that the thrusts
are low angle structures which developed penecontemporaneously with
the F l folding.



I Stratigraphy and Deformation in Grænseland 167

F1 folds and thrusting possibly occurred in association in the talc
quartzite in the Lower Zigzagland Formation. The metamorphism leading
to the formation of talc is very local. The siliceous dolomites above
and below are possibly of similar chemical composition but are not
affected by movements or the metamorphism leading to the formation
of talc.

In the large thrust zones below the higher main structural divisions
both F1 and F 2 folds occur with relations similar to those found in the
small thrust zone analysed south of Vallen. The scatter of lineations is
seen from the diagrams 2, 5, 6, 24, and 25 in plate 13. It is possibIe that
similar complex relations are found in these thrust zones in addition to
double fold patterns formed by the interference of F 1 and F 2 folds.

The tilting of the basement

A structural contour map constructed for the gneiss surface (fig. 6)
illustrates the present form of this plane. It also partly reflects the sedi­
mentary basins. These basin structures were imposed on a presumable
original sub-horizontal plane. The present attitude and twisted shape
must therefore be related to later development.

North of the large fault in the area north of Grænsesø, the basement
surface is more steeply inc1ined and differently oriented to that south of
the fault. The tilting of the area north of the fauIt might exclusively be
related to the fauIting (Gardar, p. 196), but mayaIso be of older date as
the quartzites north of the fauIt exhibit fold structures, apparently re­
lated to the fauIt.

In the Grænsesø area south of the fault, the gneiss surface is only
gently inc1ined eastwards. South of Vallen the eastward dip increases and
may reach inclinations of 50° in the Lappesø area. As a whole, the surface
seems to have been subjected to a twisting motion.

This twisting of the basement surface and consequently the general
dip of the sedimentary bedding and the tilt is a tectonic feature.

There seems to be a connection between the intensity of both F 1 and
F 2 fold phases and the degree of tilting. The increase in the amount of
tilt appears to correspond largely with the increase in intensity of folding.
AIso there seems to be some relation to the "degree of structural discor­
dance" between the sedimentary division and the pillow lava thrust sheet,
and also to the occurrence of thrusts of Flage.

It is the authors' view that there is a possibIe causal connection be­
tween the tilting of the basement and the nature of the first phase of fol­
ding and thrusting. The first folding is largely restricted to specific strati­
graphic levels as are the thrusts. The small reverse faults in the dolomite
shales (fig. 54) show that the upper parts have moved relatively to the
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Fig. 65. Model to show thrusting and related F,-folding as aresult of tilting of the
basement (vertical-ruled). The mechanism is that of concentric folding. However, the
contact between the basement and the sediments lowest block in cover) is kept in
its original position Le. is autochthonous. It is seen that the more the basement is
tilted the larger the amount of thrusting which occurs in the cover. The F ,-folding
then occurs in the border zone between the blocks. The three blocks drawn in the cover
could be thought to represent the three main structural divisions of the Ketilidian.
Block II could represent the area around Grænsesø and block III could illustrate

the relations in the Lappesø area.

lower part, and it is considered that such a drag is consistent with the
general movements of the thrusts.

A simple model for the explanation of the relation between the base­
ment tilting and the thrusts with associated F 1 folding is illustrated in
fig. 65. Assuming the pile of deposits is subsiding in one area relative to
another (possibly along the main orogenic axis relative to the foreland),
the result would not only be a tilt of the basement surface, but also that
successively higher units would move relative to the lower units away
from the centre of subsidence. This would produce increased movement
with increasing tilt which again would be reflected in the size and intensity
of the structures. The competent units (e.g. the lavas, gabbros, or quartz­
ites) would be thrust over incompetent material (mainly shales). The in-
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competent units would be able to fold adjacent to the larger competent
units. The incompetent material, however, does not necessarily react by
folding, and the mechanism could also result in the production of a cleav­
age only. This is found to be the case in several places in Grænseland (see
p. 164 and fig. 29). Apart from the relations found in Grænseland, where
increasing size and intensity of the F1 structures coincide with increasing
tilt of the basement surface and also increasing thrusting, it seems to be a
common feature (in the Ivigtut region as a whole) that the trend of the
axes of the first folds generally conforms to the border between the supra­
crustals and the underlying gneisses and migmatites. This feature also
indicates that the formation of the first folds is related to the disposition
of the supracrustal belt.

The large-scale mechanism of the model described above is compar­
able to that of concentric folding in a syncline (fig. 65). However, all types
of complications may be added to this simple scheme. Different thickness
of the different units will resuIt in movements of different size along the
slip planes, and also the shape of the units will be of great importance.
The complex internal structure of the "syncline", which may be sliced
up in wedges, also largely modifies the picture

Pre-Gardar faulting

Pre-Gardar fauIting is of minor importance in the area. It is possibIe
thåt the large fauIt in the northernmost part of the area (see p. 167) has
moved prior to the intrusion of the earliest Gardar dykes. AIso other
faults may have moved in pre-Gardar time, e.g. the Bæversø fauIt (see
p. 131); this is, however, difficult to verify as all the larger faults were
rejuvenated in Gardar time.

The numerous small faults trending ENE from the basement into
the sediments and which seem to be related to the second phase of de­
formation in the Zigzagland area (see p. 154) also displace the folds in
some areas, and are transected by Gardar dykes. The continued move­
ments of the fauIts may have taken place immediately following folding
and need not imply a specific period of fauIting. The displacements are
all of less than 10 m, with very few exceptions which appear to have been
rejuvenated in Gardar time.

FauIts trending from 50° to 70° in the southern part of the Fønland
area displace NW-trending metadolerites dextrally but are cut by an
early Gardar dolerite (BDo)' This fauIting is of late Ketilidian age.

General synthesis of the Ketilidian deformations

The Ketilidian sediments, volcanics and intrusives have been de­
formed by several phases of folding, whose character varies in the different
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areas depending on the material affected, and their position in relation to
the pre-existing sedimentary basin structures.

The first fold phase produced overturned asymmetric to isoclinal
folds with ENE-dipping axial planes and ESE-plunging axes. These folds
were largely restricted to specific stratigraphic levels of incompetent
material. A cleavage parallel or sub-parallel to the bedding was produced.
Minor thrusts probably occurred in close connection with the sub-Ketili­
dian surface. Major thrusts are thought to have developed at the base of
the Grænsesø Formation and below the lowest sediments of the Rendesten
Formation. The major part of the succession moved as competent mate­
rial without significant plastic deformation.

The general tilting and twisting of the basement surface is probably
related to this fold phase and might, as mentioned on p. 168, be intimately
related to the thrusting, as successively higher units moved relatively
farther to the south-west with increasing tilt.

The gneiss basement reacted in a brittIe manner with the produc­
tion of breccias. Shearing also occurred in the southern part of the area.

The second fold phase is characterized by generally NW-dipping
axial planes striking NE-SW and fold axes which plunge fairly consistently
ENE or NE. The type, style and intensity of the folding varies from
place to place. In the northern sedimentary basin broad open structures
were formed. In the southern basin concentric folding of the competent
layers occurred in the area sheltered by the pre-existing ridge between
the two basins. Farther out in the basin, towards the south, the size and
intensity of folding (mainly of similar style) increases towards higher stra­
tigraphic levels so that large structures in the southern part of the region
are pressed towards the tilted basement. Thrusting was developed in con­
nection with disharmonic folding and penecontemporaneous with minor
structures which were deflected and rotated during the progressive move­
ments.

The main thrust planes, formed during the first period of deformation,
were possibly also moved in the second phase exaggerating the strong
structural disharmony. The folding of the Grænsesø Formation led to a mi­
gration of material into anticlinal culminations of complex structure, and
in the lavas and intrusions simple open folds were formed accompanied by
thrusting and faulting. As a whole, the lavas and the intrusions mainly
reacted against deformation by the development of shear zones.

Traces of a third deformation are found in the old shear zones and
thrust zones where planar elements were suitably exposed to a deformation
expressed by minor folds with NNW-trending fold axes.

Faulting occurred in close connection with the second deformation
and the major Gardar faults possibly also moved in Ketilidian time. Late
Ketilidian dextral NE-faulting also occurred.



REGIONAL METAMORPHISM

The metamorphic zones which ean be established in Grænseland fall
into a regional pattern of increasing metamorphism from the low green­
schist facies in the Midternæs area in the north to amphibolite facies in the
Kobberminebugt area in the south (WINDLEY et al., 1966; HENRIKSEN,

in press).
In Grænseland metamorphism apparently occurred in relation to

both major phases of movements as micas in pelitic rocks have developed
both along SI and S2.

Metamorphism related to the first deformation, especially the thrus­
ting, is apparent in the shear zones of the tale quartzite in the Lower
Zigzagland Formation and in the chlorite schists associated with the slip
zones in the lower part of the Dolomite Shale Member of the Upper Zig­
zagland Formation (see p. 166).

In most rocks metamorphism cannot be related to any specific phase
of movement as the deformations are so feeble that the primary textures
are wholly preserved and the growth of the secondary minerals is con­
trolled by these textures. This is for example the case in most of the coarse­
grained sediments, the dolomites and particularly the basic igneous rocks
and the pyroclastics.

In many rocks it is difficult to distinguish the slight metamorphic
effect from diagenetic or hydrothermal alterations. Thus there are large
clusters of epidote in the altered gneiss surfaee rocks and fine sericite­
muscovite in the same rock. Small twinned albites commonly occur
in the dolomites and strongly resemble diagenetic albite (PETTIJOHN,

1957), and the formation of the reddish brown serpentine as well as am­
phiboles in some of the gabbroic rocks could be aresult of hydrothermal
alteration in a late magmatic stage.

A source of error in determining the metamorphic zones may be the
influence of late contact metamorphism in the vicinity of large Gardar
dykes. Alterations in the sediments near the large Gardar dolerite in the
southern part of Vallen seem to have taken the form of albite-epidote­
hornfels facies in a zone about 200 m wide, parallel to the dyke, but it
seems unlikely that these effects would have any larger regional distri­
bution.
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Fig. 66. Map howing the melamorphic facies rc!at ions in Grænseland.

The regional metamorphic facies of the Grænseland area can be de­
termined from stable mineral parageneses in rocks of different composi­
tion. The abundant occurrence of new recrystallized albite, muscovite,
biotite and chlorite restriets the rocks to greenschist facies (TURNER and
VERHOOGBN, 1960). In addition to recrystallized albite, primary plagio­
clase of higher anorthite content also occu (" as clastic grains in the coarse­
grained sediments and in the igneous rocks. These are clearly unstable,
as are hornblende, pyroxene and c1astic garnet.
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The pressure conditions (MIYASHIRO, 1961) cannot be clearly de­
termined from the data available. In Grænseland biotite is found retro­
gressive to chlorite in gneisses and in the same regions albite, muscovite
and chlorite occur without spessartite-rich garnet. The Grænseland rocks
could thus correspond to the two subfacies of the Barrovian facies series
(WINKLER, 1965):

1) quartz-albite-muscovite-chlorite subfacies

2) quartz-albite-muscovite-biotite subfacies

However, these two subfacies also exist in the low-pressure facies
series - the Abukuma facies series (MIYASHIRO, 1961). Based on the com­
plete lack of stilpnomelane and on comparisons with the region south of
Arsuk Fjord it is more likely that the pressure conditions correspond to
the Abukuma facies series or slightly higher pressures (HENRIKSEN, in
press).

The distribution of the two subfacies is shown in fig. 66, an approxi­
mate biotite isograde indicating their mutual border.

The facies is readily seen in pelitic and semipelitic sediments and
greywackes, but is difficult to trace in the basic igneous rocks, where the
percentage of aluminium is too low to produce biotite. When both biotite
and stilpnomelane are absent, it is impossible to find out which subfacies
the metagabbroic rocks belong.

The Ore-Conglomerate Member and the iron-rich sediments around
this stratigraphic level contain large amounts of biotite in areas where the
surrounding rocks seem to be of the lower subfacies. This seems to be con­
sistent with the relations shown by JAMES (1955), that iron formations are
particularly sensitive to low metamorphism.

In the northern part of the area around Grænsesø biotite is locally
present in semipelitic rocks. An occurrence of garnet (52973) and anda­
lusite (53083) in the sub-Ketilidian altered gneiss surface, where it has a
strongly pelitic nature, is more or less in accordance with the local distri­
bution of biotite. The occurrences of these index minerals may show a
local culmination of higher facies in the northern part of the area. The
minerals, especiaIly the andalusite, indicate the Abukuma facies series in
a subfacies characterized by a quartz-andalusite-plagioclase-chlorite
assemblage. This, however, does not quite conform to the temperature
conditions as shown by the quartz-albite-muscovite-chlorite subfacies, but
indicates higher temperatures. Andalusite - but not biotite - could indi­
cate the presence of albite-epidote-hornfels contact facies, which may be
due to the later effects of the three large Gardar dykes trending NE in
this area.

The metamorphic facies conditions in the Grænseland area thus seem
to be of a low pressure type in the greenschist facies, with the low quartz-
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albite-muscovite-chlorite subfacies in the northern part of the area and
the higher quartz-albite-muscovite-biotite subfacies in the southern part
of the area. This also corresponds to the increasing degree of deformation
and thrusting towards the south, and the inclination of the basement sur­
face and stronger deformation of the substratum to the Ketilidian rocks.
The increasing metamorphism southwards coincides with the general
pattern of Ketilidian metamorphism in the Ivigtut region as a whole.



METAMORPHOSED DYKES

Introduetion and division

In this section all metamorphosed dykes which predate the Ketilidian
phases of deformation and metamorphism and metamorphosed pre­
Gardar dykes will be described.

The dykes falling within these limitations can, disregarding their
chronological significance and position, be divided into:

1) Swarm of large basic metadykes in the basement south-west of
Lappesø.

2) Small basic metadykes in the Zigzagland area.
3) Granophyric dykes and sills.
4) Basic metadykes in the northern part of the area with an ENE­

trend.
5) NW-trending metadolerites in the north-eastern part of the area.

In the following sections the field relations and the petrology of the
dykes are first described under the above listed divisions, and in the suc­
ceeding section the chronology of the dykes is discussed.

1) Swarm of large basic metadykes in the basement south-west
of Lappesø

A swarm of large basic metadykes ean be followed from the areas
around the outer part of Arsuk Fjord (BoNDEsEN and HENRIKSEN, 1965)
to the area south-west of the southern part of Lappesø. 1 )

The dykes vary in width from a few metres to one hundred metres
and in certain areas, particularly to the west and north-west of Grænse­
land, exhibit characteristic dyke shapes with en echelon features and
apophyses. In other parts of Grænseland they show irregular intrusive
shapes similar to characters found in areas farther west (BoNDEsEN and
HENRIKSEN, 1965); the complicated shapes and branching found are
clearly shown on the geological map. The dykes are in addition strongly
sheared and transected by later Gardar faults, and may show drag phe-

1) The dykes in this area were originallymapped in 1957 and 1958 by L. F. BONNARD

on an unsatisfactory topographical base (BONNARD, 1963). The author visited the
area in 1961 and with BON NARD'S field map and new low-altitude aerial photographs
on the scale 1 :10,000 as a base revised parts of the mapping.
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noma. A distorLion in the tl'end fr-om 65° to 100°, and even 130°, is appa­
rent on the maps (plates 11 and 12).

As the dykes approach the horder of the Ketilidian supraCl'ustals
irregular dyke shapes beeome pronounced. one of the dykes penetrate
the uneonformity and none show a sudden stop at the unconfor'mity as if
they had been el'oded; they all appeal' to terminale in the gneisses below
the unconformity. Some of the dykes show strongly marked irregular fea­
tures prior to terminating and some attain a position sub-parallel to the
tilted border of the Ketilidian. An abrupt tel'minaLion apparently not

Smal! ShltM
CoutiiCt
unexposcd sw

Fig. 67. Field sketch of basic metadyke with shear' zones. From the area SOli th-wcst
of Lappesø. The scale is indicated by the hammer.

caused by later faulting Ol' disruption is also characteristie. Many of the
dykes in this area are strongly xenolithie.

The dyke swarm possibly eomprises several generations, but it proved
very difficuh to distinguish branching dykes from true intersections.

All the dykes are metamorphosed and are green Ol' black in eolom.
They are cut by quartz and quartzo-feldspathie veins and are generally
in a schistose eondition. The trend of the schistosity varies from 150°
to 180°. Veins in the dykes as well as the sehistosity may he folded, with
fold axes plunging steeply NE Ol' E. In flat-Iying dykes two trends of
axes have been observed reIated to the same plane of schistosity; one
plunges at 20° to 175°, and the second at 45° in a direction of 120°. The
sehisto itY in the dykes is connected with sheal'ing in the gneisses outside
the dykes.

Some dykes are sehistose on their north-eastern and eastern facing
contacts and are homogeneous Ol' less affeeted by shearing on their south­
western contacts (fig. 67) where they exhibit a jointing leaving rhombo­
hedrons, and relie pr'imary textures. This specific jointing is aIso charae­
teristic of unsheal'ed dykes and similar to the features deseribed from
elsewhere in the Ivigtut region.

In the area west of that visited by the author', L. F. BONN Arm has
observed small intrusive bodies of microgl'anite and mieroquartz-diorite
displaeing the dykes. These bodies al'e undeformed (BONNARD, 1963).
No thin seetions from the dykes of this region have been examined by
the author.
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Fig. 68. Dislocation of smal! basic metadyke in black pelites of the Blåis Formation
in Zigzagland (see plate 1). A. Map of the dyke with the fold pattern indicated. The
dashed connections indicate larger areas unmapped or unexposed. B. A reconstruc­
tion of the folded dyke. C. Detail from A as indicated. Note that the dyke is displaced
opposite to the sense of movement of the F 2 folds. This is an apparent displace-

ment due to the angle between the dyke and the direction of the fold axis.

2) SmalI basic metadykes in the Zigzagland area

In the basement gneisses west of Zigzagland a few 1 to 3 m wide meta­
dykes of apparently the same swarm have been mapped. The dykes tran­
sect the basement gneisses and are sinistrally displaced by faults related
to the second Ketilidian deformation (see p. 158). They cross the shear
zone located centrally in the banded amphibolite without displacement
(p. 22).

One of the dykes intersects the breccia structure described on p. 160
and is intruded between the breccia fragments. The dyke is here rather

185 12
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porous and strongly altered. The same narrow dyke continues to the
north-east with a trend of 60° and has an 'en echelon' outcrop pattern near
the sedimentary border of the Ketilidian, where it shows irregular in­
trusive features. It crosses the sub-Ketilidian surface again exhibiting 'en
echelon' features and can be followed through the Zigzagland Formation
without being disrupted by the F1 slip zone at the base of the Dolomite
Shale Member. The dyke crosses this zone approximately at right-angles
to the F1 fold axis. It is then displaced about 100 m along the F 2 thrust
zone at the base of the Blåis Formation (see p. 162), and can be traced
into the folded black pelites and semipelites of this formation. The dyke
is here disrupted and deformed in the hinge zones of F 2 folds as is shown
in fig. 68. Plate 1 is an enlarged aerial photograph showing the relations
around the small dyke.

The narrow dyke is generally sheared along its contacts and locally
throughout its whole width. Besides shearing it may show an irregular
block-jointing. aften small quartz veins are apparent perpendicular to the
contacts and may represent arelie jointing which resulted from cooling.
The dyke rock is light green and locally orange in its weathered state, and
green or greenish-black in fresh section.

Six thin sections (53135, 53190, 30857, 20855, 20859, 20851) of this group of
smal! dykes have been examined. The rocks are general!y strongly altered and meta­
morphosed. Only rarely may the relic ophitic relations of feldspars be seen.

Primary plagioclase is preserved in a few cases (20851) but is general!y strongly
altered. The eomposition eould not be determined.

Some of the plagioclases appear to have been phenoerysts. The alteration pro­
duets are epidote and alittle muscovite. Reerystallization to smal! blebs of untwinned
albite? oeeurs.

The dark minerals are chlorite and a little actinolite, whieh together make up
about 30% of the bulk. Ore as pyrite and a dark pigmentation is found in addition
to leueoxene aggregates. A earbonate mineral, a little quartz and apatite also
oeeur.

One thin seetion (20859) represents a sample adjacent to one of the displacing
minor faults. This seetion also eontains tale eoneentrated in lenses and surrounded by
opaque material.

These smal! dykes may original!y have been doleritic dykes.

3) Granophyric dykes and sills

In the area 1 km north of Vallen three granophyrie dykes 3 to 4 m
in width have been mapped from the basement gneisses up to and inter­
seeting the sub-Ketilidian surfaee. Above the quartzites two of the dykes
turn gradually into sills. ane of the sills ean be followed to the north
shore of Vallen. South of Vallen a similar l m thiek sill is found in the
banded semipelites of the Blåis Formation (plate 13).

In the area north of Vallen no folding oeeurs in the area where the
sills are apparent, but they are displaeed by minor fauIts (p. 158). The sill
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Fig. 69. 'fhe contact relation of a granophyr-ic sill south of Vallen. Thc sil! is here
intruded into semipelites of the Blåis Formation. The eontacl secms to be folded by
a small F. fold and thc sil! itself exhibits a "fold" although it euls the bedding. The
axial plane c1eavagc of the F. fold cuts the sil! body. On a larger seaJc thi ha a

cm'ved lr'end con i tent with thc li'. fold paltern.

found in the ar a south of Vallen appears to be deformed by F 2 folds
(fig. 69). The sill is transected by fissures wl1ich correspond to the 52
cleavage, but does not follow the ingle fold strllctures, instead being
di rllpted on theinverted Ol' steep nank of the asymmetric F 2 folds. A
fissllring parallel to the dyke contacts also occurs.

In the nebulitic gneisses it j difficult to trace the dykc , as they
differ from tlle gneisses only in po e sing an irTcgu]ar jointing. The dykes
have been traced for 800 m west of the border of the Keti]idian where
they attuin an E-W trend.

The dykes are whiLe to pink in colour. They are pOI'phyritic with
feldspar and quartz phenocrysts. In the ediments they often contain
inclusions of shale fragments.

'12*



180 ERLING BONDESEN I

Table 12. Chemical analysis of granophyre 53027 from Grænseland
(IB SØRENSEN anal.)

%

Sia_ " 71.27
TiO_. . . . . . . . . 0.40
Al_o.. . . . . . . . . . . . . . . . . . . . . . . .. 15.42
Fe_O.. . . . . . . . .. 0.66
FeO. . . . . . . . 1.15
MnO......................... 0.00
MgO. . . . 0.78
CaO. . . . . . . 1.18
N a_O , . . . . . . . . . . . . . . . . 4.50
K_O. . . .. . 2.42
P_Os......................... 0.11
CO_o 0.78
H_O. . . . . . .. . 1.50

Sum 100.17

C. I. P. W.- norm.
q 30.5
e. . . . . .. . 3.9
or. . . . . . . . . . . . . . . . . . . . . . . . . . .. 14.6
ab. . . . . . . . . . . . . . . . . . . . . . . . . . .. 41.2
an. . . 5.2
hy. . 2.8
mt. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1
il. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.6
ap. . . 0.2

Total 100.0

sum sal.......... . . . . . . . . . . . . .. 91.5
sum fem.. . . 8.5

Two thin seetions of the dykes and sills treated in this section have been exa­
mined (20877 and 53027). The texture of the quartzo-feldspathie groundmass shows
oeeassionally relie graphie intergrowths of quartz and feldspars. The main impression
of the texture is that itis granophyrie (J OHANNSEN, 1939). Thephenoerystiefeldsparsare
twinned oligoclase and mieroperthite. The quartz phenoerysts are amoeboid to sub­
idiomorphie and show undulatory extinetion. are (altered to limonitie patehes) apa­
tite and fluorite are aeeessory minerals. The seeondary minerals are museovite and
ehlorite, the museovite laths possessing a parallel arrangement. A ehemieal analysis of
53027 is shown in table 12. In the area north of Grænsesø, a similar dyke, 53054, has
been eolleeted.

I t appears from the study of thin seetions that these granophyres have been
strained in addition to being metamorphosed.

4) Basic metadykes in the northern part of the area
with an ENE trend

In the northern part of Grænseland, several1 to 20 m wide metadykes
with trends of 50° to 80° have been mapped in the basement nebulites. One
of these dykes intersects the sub-Ketilidian surfaee and is found in the
Zigzagland Formation quartzites.

The dykes are green in colour and are intersected by quartz, quartzo­
feldspatic and carbonate veins. They are usually strongly sheared. Un­
sheared examples are traversed by an irregular jointing. Some of the dykes
are porphyritic and a few xenolithic. All possess a linear trend, are dis­
cordant to the gneiss structures and are displaced by small fauIts.

Two thin seetions (53082 and 20915) show badly preserved relie ophitie? textures
of reerystallized feldspar (albite) and a ground mass of museovite, ehlorite, epidote
and earbonate in the areas formerly oeeupied by matie minerals. are, leueoxene and
quartz are aeeessory minerals.
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The dyke found in the quartizites (53072) has abetter preserved relie texture
than the two rocks mentioned above. The primary feldspar is a strongly altered
twinned plagioclase (n > ncb), in places recrystallized to smal! albite? (n < ncb) grains.
Other minerals are chlorite (secondary after biotite) and ore. Chlorite (feebly pleochroic
from light yel!ow to light green and an anomalous blue), earbonate, epidote, quartz
and aetiriolite? are seeondary minerals after mafies.

5) NW-trending metadolerites in the north-eastern part of the area

An interesting group of dykes with very constant trend in directions
between 120° and 130° is restricted to the northern part of Grænseland to
the north-east of the Bæversø fault (marked SD in plate 12). The individual
dykes have a fairly constant width between 5 and 15 m. They appear to
be part of a swarm of which the north-eastern limit is found in Midternæs
(A. K. HIGGINS, pers. comm.). Some of these dykes intersect the base­
ment in Grænseland whereas the majority are found cutting the Ketilidian
supracrustals. They cross folds and thrusts as well as the sub-Ketilidian
surface. In the southern part of Fønland they are displaced by small
dextral faults trending 50° to 70° which are themselves cut by an early
Gardar dolerite (BDo)' 'En echelon' features are common.

The dykes appear to have been subjected to some degree of tectoni­
zation. They are strongly sheared close to the Bæversø fault, and a feeble
shearing is also found along the margins of the dykes in Fønland where
they are also characterized by a specific type of block-jointing.

Some of the dykes are porphyritic. They are all metamorphosed and
have a greenish or brownish colour. However, the alterations vary along
the same dyke from a rock with nearly unaltered pyroxenes and pseudo-

Table 13. Modal composition of the hest preserred NW-trending
metadolerites in Fønland

53001

olo
Plagioclase. . . . . . . . . . . . . . . . . . . . . . . . . 56.6
Pyroxene. . . . . . . . . . . . . . . . . . . . . . . . . . 11.0
Olivine pseudomorphs. . . . . . . . . . . . . . . 11.0
are. . . . . . . .. . .. . . . .. 2.7
Biotite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.6
Apatite "
Aetinolite/serpentine .
Chlorite. . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.1
Carbonate "
Other alterations .

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0

52%6 53077

olo olo
57.0 51.3
15.6 16.6

6.2 4.2
3.1 0.2
2.0
0.7
4.3 15.6

10.0
1.1 1.6

10.5

100.0 100.0
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morphs after olivine, to strongly altered rocks with no primary minerals
intact. The degree of alteration also appears to change across the dyke
with the central parts generally hest preserved.

The petrology of the dykes is exemplified hy six samples which re­
present an increasing degree of alteration. The modal composition of the
least altered dykes is given in tahle 13. The dykes were originally olivine
dolerites.

Sample 53001 from the south-west corner of Frynsesø represents the least altered
dyke of the group. The dyke is porphyritic, 10 m wide, brownish in weathered colour
and black in fresh sections. The sample is from the central part of the dyke where the
rock is medium-grained. The texture is ophitic.

The thin section shows one large plagioclase phenocryst slightly altered to seri­
cite with a cloudy central portion. The groundmass plagioclase is strongly zoned
(An,o-6o) and slightly sericitized. The phenocrysts and the groundmass plagioclases are
transected by fissures with the development of a fibrous serpentine.

The pyroxene is a pink titaniferous augite with optical continuity over large
parts of the slide and with a poikilitic relationship to plagioclase.

Perfect pseudomorphs of serpentine after olivine occur. Ore occurs along original
fissures and crystal margins. The plagioclase phenocrysts enclose the pseudomorphed
olivines. Large ore grains are associated with a biotite of deep reddish-brown to yellow
and green to yellow pleochroism, and with accessory amounts of acicular apatite.
Between the feldspar laths and locally at the borders of the pyroxenes, aggregates of
chlorite, serpentine and actinolite occur.

Sample 52946 is from a 12 m broad dyke, 300 m west of Frynsesø trending
123°. The rock is medium-grained, greyish-brown in colour and exhibits well preserved
ophitic texture.

The plagioclase (An38-68) is cloudy, sericitized and strongly zoned. The pyroxene
is a pink to colourless augite altered along fissures and grain borders to aggregates of
chlorite, actinolite and carbonate. Pseudomorphs of serpentine after olivine are pre­
served with recognizable grain borders and relic fissures associated with ore. Primary
reddish-brown and green pleochroic biotite occurs. Ore, apatite and quartz occur in
accessoryamounts.

Sample 53077 is from the same dyke as sample 53001 and from a locality 700 m
north-west of Frynsesø. Medium-grained ophitic texture is preserved.

The plagioclase (An,o) is sericitized and cloudy. The composition could only be
determined in a single case. The pyroxene is a pink augite altered along grain borders
to actinolite and aggregates of greenish pleochroic chlorite, serpentine and carbonate.
The olivine is presumably completely altered as it is not recognizable in pseudomorphs.
Primary ore is preserved as rectilinear intergrowths of opaque ore and leucoxene. Se­
condary ore occurs scattered among the alteration products. Accessories are biotite,
quartz and apatite. Secondary minerals are muscovite?, carbonate, chlorite, serpen­
tine and actinolite.

Sample 52948 is from a 8 m wide dyke 1500 m north-north-west of Frynsesø
with a trend of 120°.

The primary texture is hardly visible apart from the position of the plagioclase.
The plagioclases are strongly pigmented but zoning is recognizable; the composition
could not be determined. The mafics are actinolite (secondary after pyroxene), the
most abundant mineral next to plagioclase. Aggregates of chlorites, ore and serpentine
(possibly former olivines) and sub-idiomorphic ore altered to leucoxene occur. Other
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secondary minerals are muscovite and smal! grains of recrystal!ized albitic? feld­
spar (n < nCb).

Sample 52106 is from a 5 m wide dyke with a trend of 132 0 in the nebulites on the
west coast of the southern part of Grænsesø. The rock is black with a greenish tint.
The original ophitic texture is visible from partly recrystallized plagioclase (strongly
altered), the areas of alteration produets of the mafic minerals and the shape and re­
lations of the ore. The secondary minerals are a greenish pleochroic chlorite, actinolite,
epidote and carbonate.

Sample 20915 is from a 1 m wide metadyke south-east of Bæversø. The texture
of the fine-grained aggregate seems to show a preferred orientation of the chlorites.
The main constituent - about 60% of the bulk - is chlorite of light green pleochroism.
In some cases the chlorite replaces biotite ofwhich relics ean be occassional!y observed.
Actinolite occurs in acicular needles. Serpentine and muscovite? occur in association
with the chlorites. About 25 % of the thin section comprises calcite and about 10 °/0
is feldspar? and quartz grains showing undulatory extinction.

It is possibie that some of the alteration and strain phenomena in this rock are
due to the activity of the large Bæversø fault during Gardar time.

The age of the metadykes

The five groups of metadykes, the relations of which have been. de­
scribed in the previous section, must be either of pre-Ketilidian or Ke­
tilidian age.

The first group and the fourth group - the large swarm of metadykes
south-west of Lappesø and the ENE-trending dykes of the northern part
of the area - are possibly related. These dykes are broadly correlatable
with NE- and EW-trending dykes in the Ivigtut region as a whole (former­
ly called "Kuanitic dykes") (BONDESEN and HENRIKSEN, 1965). Several
of the largest dykes can be traced far west and the structural pattern fits
well into that of the Ivigtut region farther west.

The relationships found in the south-western part of Grænseland
indicate that the sub-Ketilidian surface was in existence at the time of the
intrusion of the majority of the dykes. It seems reasonable to suppose
that the then-existing surface may have controlled the irregular intrusive
features and the tendency to form sills. This implies in the author's view
that the majarity of the dykes are of Ketilidian age. However, the con­
clusive proof case, and "feeder relations" to the Ketilidian sills and lavas
have not been found. No dykes have been observed to be cut off by the
sub-Ketilidian unconformity. The large swarm of dykes is possibly older
than the first deformation as shearing carresponding to an SI cleavage
sub-parallel to the border of the supracrustals intersects the dykes. They
also seem to have been affected by the tilting of the basement as witnessed
by the general distortion af the dykes south-west of Lappesø.

The age of some of the metadykes - as broadly correlated with similar
dykes farther west and narth-west - is indicated by K/Ar age determi­
nations by JØRGENSEN (1968), who suppases that the intrusion took
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place not more than 1900 m.y. ago. Their metamorphism would according
to these dates have taken place between 1600 m.y. and 1700 m.y. ago.

The second group of dykes - the small metadykes in the Zigzagland
area - were apparently intruded between the first and second phase
of Ketilidian deformation (see p. 178 and fig. 68).

The dykes are difficult to distinguish from those of the first group
and might therefore be more abundant than has been suggested.

The third group - the granophyric dykes and sills - seems to pre-date
the second phase of deformation. Their relation to the first phase of de­
formation is uncertain, but they appear to be later. The example, shown
in fig. 68, could be interpreted as penecontemporaneous with the F 2 folding.

WIEDMANN (1964, p. 79) has reported microgranitic dykes and sheets
north-east of the Tigssaluk granite (fig. 1), 13 km west of Vallen, and he
connects these hypabyssals with sills cutting the granite and related to
the emplacement of this intrusive granite stock. AIthough the granophyric
dykes and sills in Grænseland have not been mapped so far west, only a
few kilometres separate the two occurrences. It is therefore tempting
also to relate the Grænseland granophyres to the intrusion of the Tigssaluk
granite, because no other evidence of intrusive granitic activity is known
from this region. The field relations in Grænseland indicate that the grano­
phyres have been intruded earlier or contemporaneous with the second
folding, i.e. close to 1635 x40 m.y. (the age of biotite from the Tigssaluk
granite; BRIDGWATER, 1965).

The fifth group - the NW-trending metadolerites in the northern part
of the area - post-dates both main fold phases and pre-dates a weak
fauIting and the earliest Gardar dykes. They are metamorphosed, in
some cases less than the altered Gardar dykes and in other cases to the
same degree as the earlier metadykes. Their composition is close to that
of the Gardar olivine dolerites. Their border relations and their meta­
morphic state suggest that they have been subjected to later weak move­
ments or have been intruded under conditions of some tectonic activity.

Correlations

In this section a correlation between Grænseland and other areas in
south-west Greenland especiaIly with regard to the metadykes and the
deformations will be attempted.

The general chronological scheme of the Precambrian of south-west
Greenland has been revised by various authors as mapping progressed.
The development has been reviewed by ALLAART (1967, p. 128) who also
gives a general synthesis of the chronology in the vast "Julianehåb
granite" region (op.cit., table 4). This region may be regarded as the cen­
tral part of the Ketilidian mobile belt. In relation to this Grænseland is
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situated on the foreland to the north-west. The passage from the foreland
basement regions to the central mobile belt is unusually instructive (HEN­
RIKSEN, 1968) and shows an increasing deformation and metamorphism of
the Ketilidian cover rocks as well as the basement.

The Ilordleq area in the south-eastern part of Kobberminebugt (fig. 1)
served as a key area in this passage. The plutonic development in the
Ilordleq area has been described by WATTERSON (1965) and involves de­
position of supracrustals, and several periods of dyking, deformation and
granite emplacement, which to some extent are correlatable with the
regions farther south (ALLAART, 1964 and 1967). A correlation between
Grænseland and Ilordleq may thus be of value in the regional geology
because high-level (or peripheric) Ketilidian events might thus be linked
to deep-level episodes of plutonism.

The chronology ofthe Ilordleq area can be summarized after WATTER­
SON (1965):

1) Sediments and volcanics inc1uding basic intrusives.

2) a. 1st period (A) of discordant amphibolites.
b. Deformation along NE-SW axes, the folding being restricted

to calcareous rocks; development of a regional foliation parallel
to the bedding and the establishment of the present disposition
of the rocks.

c. 1st period (B) of discordant amphibolites.
d. Granites and migmatization.

3) 2nd period of discordant amphibolites; numerous relatively small
basic dykes in several generations, mainly with NE-trends but
some with N and a few with NW trends.

4) a. Granite emplacement and reactivation including deformation
of the supracrustals along the same planes as established under
2), i.e. the lineations are oriented NE-SW. Discordant bodies
are shear-folded.

b. Formation of NNW and ENE conjugate shear fractures.
c. 3rd period of discordant amphibolites intruded in swarms with

NNW trends under compressive forces and under elevated
temperatures.

The events listed under (2a) to (2d) are referred by Watterson to the
Ketilidian, whereas (4a) represents the Sanerutian plutonic episode.
ALLAART (1967) presents a chronological scheme for the "Julianehåb
granite" area, where the Ketilidian is represented by two episodes of
plutonism corresponding to WATTERSON'S (2) and (4). The dykes dividing
the two plutonic episodes ((3) in WATTERSON'S chronology) are regarded
as intra-orogenic. Although the author agrees with ALLAART as to the
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Ketilidian (see p. 29) he would likp, to maintain the term Sanerutian to
cover the "2nd episode of plutonism" in the sense of ALLAART, because the
term is so well established in the geological literature.

A presumable reliable correlating link to the Ilordleq areal) is, as
noted on p. 143 and also stated by WATTERSON, the Ketilidian supra­
crustal belt (WATTERSON op.cit., p. 130). Correlation with Grænseland
based on the discordant amphibolites would, strictly speaking, be im­
possibIe as 1st and 2nd period dykes in the supracrustals are indistiguish­
able unless their relation to Ketilidian granite veins are known. However,
both periods of granite emplacement in the Ilordleq area are closely related
to deformation, and a possibIe alternative means of comparison would be
to correlate the phases of deformation.

The first deformation in the Ilordleq area ((2b) in WATTERSON'S chro­
nology) and the first deformation in Grænseland have many features in
common such as, for example, the development of a regional foliation and
the restrietion of the folding to certain lithological environments. One
difference is in the trends of the fold structures. However, in Grænseland
the Fl folds and their axial planes conform to the basement surfaee and
they are possibly related to the tilt of this surface. This means that the Fl
folds should conform in trend to the broad bend of the Ketilidian supra­
crustals between Arsuk Fjord and Kobberminebugt, and this appears to
be the case (S. BAK JENSEN pers. comm.). AIso WATTERSON notes that
the first folding in the Ilordleq area and the disposition of the rocks in their
present attitude are chronologically related. It is therefore quite likely,
despite the differences in the trend of the fold axes, that the first folding
in both areas is of the same age.

The metadykes (or at least some of them) in the Grænseland area - the
first and fourth group (p. 173 and p. 180) - may therefore be correlated to
the 1st period of discordant amphibolites in the Ilordleq area. They are
pre-orogenic dykes, but not necessarily pre-Ketilidian.lt should be noted
that there is a conspicuous difference in size between the two groups of
dykes thus correlated, as the 1st period of discordant amphibolites have
never been found to be more than 5 m wide.

The small metadykes in the Zigzagland area (the second group, see p.
177, fig. 68 and plate 1) could be correlated to either the 1st period B or
the 2nd period of discordant amphibolites. There is no possibility of distin­
guishing between these two dyke groups in Grænseland, nor is there any
means of establishing a period of crustal tension between the two main
plutonic episodes, manifested by the two main phases of folding, except
for the faet that the tectonic axes were reserved.

1) It is noted that GHISLER (1968) has pointed out that copper mineralizations
in the Ilordleq Group are comperable to similar mineralizations in the pre-Ketilidian
Tårtoq Group.

•



I Stratigraphy and Deformation in Grænseland 187

The seeond deformation in Grænseland eould possibly be eompared to
the deformation in the Ilordleq area, related to the Sanarutian plutonie
episode. The Sanerutian deformation in the Ilordleq area and most of the
"Julianehåb granite" area is of aremarkably eonstant NE trend (ALLAART,

1964 and 1968, p. 18) whieh is eoineident with the trend of the seeond
deformation in Grænseland. The main reaetivation phase in the "Juliane­
håb granite" area, ineluding the formation of alloehthonous granites, is of
this age and the metamorphie zoning in the foreland regions, situated to
the north-west, appears to be approximately parallel to the NE trend. The
relations in Grænseland also suggest that the seeond deformation is re­
sponsible for the main metamorphism. Biotite age determinations around
1600 m.y. from the north-west Ivigtut region probably refleet Sanerutian
reaetivation farther south (J 0RGENSEN, 1968, p. 90). To this is to be added
the evidenee represented by the granophyrie sills and dykes in Grænseland
and their supposed relation to the Tigssaluk granite (see p. 184). The age
of this granite (1635 m.y.) and thus also roughly that of the seeond de­
formation eorresponds to the Sanerutian plutonie episode.

The NW-trending metadolerites in the north-eastern part of Grænse­
land (the fifth group, p. 181) have some features in eommon with the 3rd
period diseordant amphibolites in the Ilordleq area, and they might
eorrespond to these in a higher erustal level. The NNW and ENE eon­
jugate shear set in Ilordleq has close direetional eoineidenee with the
relations in Fønland. The ENE-trending small faults may be related to
one direetion and the dykes to the other.

However, ALLART (1967, p. 20) has reeognized a late phase of tholei­
itie dyke intrussion in the Julianehåb region. These dykes have the same
direetional trend, the same narrow variation in width and similar meta­
morphie alterations as the NW-trending metadolerites in Grænseland.
They are later than the 3rd period of diseordant amphibolites in the
Ilordleq area but earlier than Gardar dykes. The dykes in Grænseland,
however, eannot be demonstrated to be of tholeiitie affinity and are, as
shown on p. 182, table 13, to be regarded as olivine dolerites. It is never­
theless tempting, as also proposed to eorrelate the narrow swarm in
Grænseland and Midternæs and the regions to the north-west (see p. 181)
with the (also narrow) swarm of tholeiitie dykes due south-east of the In­
land lee in the Julianehåb distriet and farther south-east in the Sydprøven
area (PERSOZ, 1969).



THE CHRONOLOGY OF THE KETILIDIAN

Earlier in this paper the Ketilidian has been defined (p. 29) as a period
of deposition and folding bounded by the two major unconformities - the
sub-Ketilidian surface and the sub-Gardar peneplain.

With these limitations of the Ketilidian period a conflict is apparently
raised with regard to time-stratigraphic usage as such unconformities are
not necessarily isochronous surfaces. This conflict extends far into Pre­
cambrian chronological and stratigraphic tradition, which is built upon
the concept of the geological cycle - in most cases the orogenic cycle ­
rather than upon a time-division (STOCKWELL, 1964). The different chro­
nological methods used in the Precambrian, including radiometric dating,
require in many respects interpretations which finally depend on the cycle
concept. This concept, which has proved applicable for various regions
(QUENNELL and HALDEMANN, 1960; HARPUM, 1960; MAGNUSSON, 1965),
was originally applied to the Ketilidian period (WEGMANN, 1938; BER­
THELSEN, 1961) or the Ketilidian - Sanerutian orogeny (WALTON, 1965).
A further employment of the cycle concept to the Ketilidian is the ap­
plication of the chelogenic cycle (SUTTON, 1963) including both the Ke­
tilidian and the Gardar in the Svecofennid ehelogenic cycle (BRIDGWATER
and WALTON, 1964; BRIDGWATER, 1965).

It is the author's opinion that the cycle concept regarding Precam­
brian stratigraphy is justified as a major time-stratigraphic unit because
"the resolving power of the existing geologic methods" (INTERN. SUB­
COMM. OF STRAT. TERMINOLOGY, 1960, p. 12) is sufficiently low to elimi­
nate the errors introduced by using the defined boundaries - the uncon­
formities. It would thus be erroneous to compare the Phanerozoic strati­
graphic time-scale and the Precambrian stratigraphic time-scale, as they
are of different orders of magnitude and based on entirely different me­
thods. Because of this, it would be desirable to use two different time­
stratigraphical terminologies and it is to be hoped that such arrangements
will be established on an international basis. At present the author prefers
to use the traditional time-stratigraphic terminology.

The subdivision of the Ketilidian period into epochs might be based
on various geological relationships. One or several epochs might thus
concern deposition, others tectonic phases or plutonic phases (episodes or



Table 14. Chronology o/ the Ketilidian in the I rigtut region and Kobberminebugt based on Grænseland ­
llordleq correlations and regional geology 1968.
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events). At present there is no need to established time-limited epochs
as chronological markers of regional importance have not yet been fully
elucidated. However, the author whishes to employ the informal time­
stratigraphical term "stage" to cover the time of deposition and the time
of deformation in the Ketilidian period, and returning to the concept as a
cycle consequently regards these two informal stages as the geosynclinal
stage and the orogenic stage.

The geosynclinal stage may be sub-divided on the basis of strati­
graphical methods as has been attempted in this paper. The lithostrati­
graphical division established ean be used in correlation where used cau­
tiously. The movements leading to the basin development mayaIso be
employed in a chronological subdivision but they ean only be considered
on a regional scale.

The orogenic stage involves tectonic phases and plutonic phases
(episodes or events) and includes in this respect the two phases of folding
in Grænseland, faulting and dyking. In other regions it forms a compli­
cated succession of plutonic events. It also includes the final uplift and
erosion to the sub-Gardar peneplain. It may be possible to introduce a
third stage - the epeirogenic stage of the Ketilidian - which WALTON
(1965) regards as essentiaIly the Sanerutian plutonic episode.

Based on the principles outlined above, the chronological develop­
ment of the Ketilidian cycle has been outlined in table 14. The compilation
is mainly based on the records from Grænseland and the correlation of
these events, and the deformations.

Ketilidian initial volcanism ean, based on the interpretations on p.
183, hardly be older than 1900 m.y. and might be as young as 1750 m.y..
An age of about 1800 m.y. would in the opinion of the author be more
likely for the early Ketilidian.

Development of orogenic cycles similar to the Ketilidian, also re­
garding the geosynclinal stage, are known on the Canadian shield (the
Hudsonian with ages between 1800 m.y. and 1600 m.y.) and on the Scan­
dianvian shield (the Karelian and the Svecofennian with ages between
1850 m.y. and 1750 m.y.) Karelian initial volcanism has been dated to
1860 m.y. (SIMONE N, 1960).

The age of 1800 m.y. is, however, ascribed to the first Ketilidian
plutonic episode (ALLAART et al., in press) in which the main tectonic trends
and metamorphic features were established. This does not quite conform
to the views of the author, who agrees to the establishment of the main
tectonic trends, related to the first phase, but would much rather consider
the main metamorphic features, at least regarding the foreland regions,
as related to the second phase corresponding to the Sanerutian plutonic
episode.



GARDAR

Introduetion

The Gardar is characterized as a period of deposition, volcanism and
cratogenic tectonics. The deposition comprises sandstones and volcanics
POULSEN, 1964) laid down on a major unconformity, the sub-Gardar
peneplain. The movements are restricted to major faulting and the for­
mation of tensional fissures along which dykes were periodically intruded.
The Gardar igneous activity also comprises emplacement of large in­
trusive complexes of gabbros, saturated and undersaturated syenites, and
granites. The whole of south Greenland as far north as Frederikshåb has
been afIected by Gardar activity, the age of which ranges from 1250 m.y.
to 1020 m.y. (BRIDGWATER, 1965).

In the Ivigtut area WIEDMANN (1964) and AYRTON (1963) have given
detailed accounts of the Gardar evolution with particular respect to the
dyke chronology. The specific relations around the famous cryolite ore at
Ivigtut (of Gardar age, 1160 m.y.) have been treated by BERTHELSEN
(1962). UPTON (1960) describes the Kungnat syenite complex of young
Gardar age and EMELEUS (1964) have treated the Grønnedal-Ika nephe­
line syenite complex, which is of early Gardar age (see fig. 1). In Grænse­
land Gardar is only represented as dykes and fauIts.

The general GGU field terminology regarding the dykes is employed
in the following. According to this scheme dolerites are termed BD (Brown
Dykes),illmprophyres LP, and trachytes, microsyenites and related rocks
TR; BFD is a specific type of phenocrystic and xenocrystic dyke (Big
Feldspar Dykes) (BRIDGWATER and HARRY, 1968).

The map of plate 12 shows the dyke and fauIt pattern in the north­
eastern part of the Ivigtut region.

The map shows clearly that two distinct zones have been subjected
to dyke intrusion and fauIting both in Gardar and earlier time. The inter­
mediate area south-west of Vallen and west of Lappesø around Overløbssø
is only traversed by comparatively few and thin dykes, and the fauIts
which occur here have only small displacements. This intermediate zone
was apparently comparatively stable from pre-Ketilidian to Gardar time
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and also nearly coincides with the ridge feature of paleogeographical im­
portance which divided the Ketilidian sedimentary basins.

In the following the tectonic features and the rocks of Gardar age in
the Grænseland area described briefly in order to complete the description
of the stratigraphy and deformation of the Precambrian in this area.

Cronology and field relations ol the dykes

The Gardar dykes in Grænseland comprise lamprophyres and related
rocks, syenites and dolerites. Their chronology as revealed from inter­
sections is shown in table 15.

Table 15. Chronology of Gardar Dykes in Grænseland

type direction

youngest. . . . . . . . . . . . . . . . . . BD,
?(LP+TR)?

BD,
?(BFD)?
BDo
BFD

oldest. . . . . . . . . . . . . . . . . . . LP +TR

80°
80°-90°
120°-80°

LP
TR
BD
BFD =

lamprophyre
trachyte or microsyenite
dolerite (Brown Dyke)
phenocrystic dolerite (Big Feldspar Dyke)

The dolerite chronology with the oldest dykes trending nearly E-W
and the youngest in a NE direction is consistent with the relations in
other parts of the Ivigtut region. The thin lamprophyres and syenite
dykes,_ which can rarely be traced for more than a few hundred metres,
have infrequent intersections with dykes of established chronological
position; some of them are younger than BDo and older than BD 2 dolerite
dykes.

The lamprophyres range in thickness from 5 cm (fig. 61) to about
5 m. They are black and porous often with irregular weathered rusty
surfaces and internal zoning or banding. They may contain phenocrysts of
olivine or biotite, and are occasionally xenolithic.

The microsyenite dykes are also thin, varying in width from 0.5 to
3 m; they are usually very fine-grained. In colour they may be white,
grey or brick-red, and more rarely green, crumbly weathering when
coarse-grained. Xenoliths and phenocrysts are rare except for the BDF
dykes which locally contain densely spaced plagioclase phenocrysts,
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xenocrysts and xenoliths. These particular dykes are generally less than
10 m wide.

'En echelon' and 'en bajonet' features are common especiaIly among
the youngest BD2 dolerites. Where the dykes cross the border with
the Ketilidian supracrustals they commonly exhibit irregular intrusive
features in contrast to their linear trend in the basement gneisses. This
trait is exemplified by the large BD 1 crossing the south-western corner of
Grænsesø, which swells, changes direction and possibly produces 'en
echelon' features just in front of the ice border. The dykes are commonly
deflected to:wards faults, and it is a conspicuous feature that the deflections
always occur on the north side of the fauIts. Such deformations have had
very littIe influence on the character of the dyke rocks themselves, at
least in the cases of the BD1 and BD 2 dykes.

Contact metamorphic efIects along the margins of the dykes are
clearly apparent, especiaIly when the wall rock is a carbonate sediment;
In these cases visible alterations (formation of yellow serpentine minerals)
can be traced 10 to 15 m from the contacts of the larger dykes. Strong
graphitization has occurred where a dyke crosses the Anthracite-Carbo­
naceous Shale Member of the Foselv Formation (see p. 100). Other rock
types may exhibit a baking adjacent to dykes visible as a hardening or
bleaching, but there is no conspicuous development of new minerals.

Petrology ol the dykes

The microsyenite dykes
The microsyenite dykes generally have a texture of randomly orientated feldspar

laths. In the case of the green dykes (53065, 53066, 53055 and 53056), a more or less
pronounced trachytic texture is present. All the rocks are more or less altered, espe­
cially their feldspars. I t has thus proved difficult to obtain optical data for most of the
minerals. Table 16 shows the modal composition of the best preserved samples.

Table 16. Modal composition of microsyenite dykes
from Grænseland

20898 20917 20918

% o/o "Io
Feldspar ............ 56.5 63.5 63.3
Pyroxene ........... 25.5 14.3 21.4
Amphibole .......... 0.8 8.3
Analcite ............ 18.0 7.0 2.1
Biotite .............. 12.9 4.4
Ore ................ 1.5 0.5

Total ............... 100.0 100.0 100.0

The rock types with a trachytic texture have a feldspar/mafic ratio of 85/15, and
those with non-trachytic textures a ratio of 60/40.

185 13
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The potassic feldspar is usually cluody and generally untwinned orexhibits
simple twinning. The pyroxenes are either augite (paIe yellowish colour, z II C = 41°)
or strongly pleochroic aegirine (x II c = 5-8°). A less pleochroic aegerine-augite?
(z II c = 60-80°) also occurs. The pyroxene crystals are idiomorphic, needle- or lath­
shaped. Other minerals, which occur are analcite, albite? with inclusions of apatite
needles, biotite and carbonate. Fluorite, ore and quartz occur in accessory amounts.
The secondary alteration products are a strongly pleochroic greenish chlorite arter
aegirine, and an actinolitic amphibole arter augite. Two samples (20903 and 20867)
contain strongly altered square-shaped idiomorphic nepheline crystals with cancrinite
and analcite. The composition of the dykes suggests classification either as augite
microsyenites (trachytes) or aegirine microsyenites (alkali trachytes). Gradations
occur between these types as the proportion of the pyroxeI\es varies. The nepheline­
bearing dykes may be regarded as tinguaites.'·

The lamprophyres
PetrologicaIly the lamprophyres are closely related to the dolerites, and there is

a gradation between these two groups of dykes. Thus, one dyke mapped as a BD
(53954) has a strong lamprophyric affinity texturally and compositionally, and some
dykes mapped as lamprophyres (20896, 20856 and 20852) closely resemble the BD
dolerites from a textural point of view.

The lamprophyres are characterized by idiomorphic mafic minerals both as
phenocrysts and in the groundmass. The leucocratic minerals are found generally in
intersticies. Minerals containing volatile components (carbonate, biotite and apatite)
are fairly abundant, where(ls primary amphiboles are absent. This is in contrast to the
lamprophyres in other parts of the Ivigtut region (AYRTON, 1963; BONDESEN, 1960)
Zeolites and feldspars? secondary after zeolites are, however, prominent in the Grænse­
land dykes.

Table 17. Modal composition of lamprophyres and related rocks
from Grænseland

20852 20854 20856 20860 52954 53054

% % % % % %

Feldspars ................. 56.0 12.2 17.8 51.3 13.2 15.1
Pyroxene ................. 9.6 21.8 31.4 2.7 33.2 25.1
Olivine (including pseudom.) 1.0 29.1 6.3 3.4 20.2 12.7
Biotite .................... 19.1 7.8 2.0 10.3 18.7
are ...................... 11.5 9.9 10.4 10.9 4.0 6.1
Carbonate ................. 3.3 1.1 6.7 4.6 19.1 12.3
Alterations ................ 18.6 6.8 19.5 25.1

Total ..................... 100.0 100.0 100.0 100.0 100.0 100.0

Alterations in the lamprophyres are common, especiaIly with respect to olivine
and the leucocratic minerals. Some samples are severely altered. Fourteen samples of
difTerent dykes have been examined in thin section. The modal composition of the best
preserved samples is given in table 17.

The feldspar of the true lamprophyric types is possibly a sodic plagioclase
(n < neb), oligoclase or albite. In the types of doleritic affinity they are andesines
(ca. An35). In a 5 m broad biotite-rich dyke (53199) analcite and nepheline were ob-
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served. Olivine occurs as large phenocrysts and is generally altered to serpentine and
ore. Relic olivines have 2Vx = 70-75°.

The pyroxene is generally a pink augite found in idiomorphic laths, but a colour­
less variety also occurs. Biotite is generally reddish-brown and strongly pleochroic,
and may occur as phenocrysts. Idiomorphic ore is generally very abundant comprising
up to 10 % of the slide. Carbonate minerals may be common as a primary constituent
but can rarely be distinguished from secondary carbonates formed, along with other
minerals, from the alteration of olivine. Apatite in long idiomorphic needles occurs
as a primary mineral in accessory amounts.

Zeolite minerals occur commonly in the intersticies of the slides; they are parti­
cularly prominent in some spherulitic dykes. The zeolites are replaced by chlorite,
serpentine and also ore, carbonate and an undetermined mineral in brownish aggre­
gates (a serpentine mineral?).

There is a wide compositional variation in the lamphrophyres. ane sample
(53127) is close to a pyroxenite, and others approach a doleritic composition (20896,
20852,20860) except that they are characterized by a very high ore proportion (about
18°/0). An olivine phenocryst-bearing type, a biotite-rich type and a spherulitic type
may be distinguished. Some of the dykes may be classified as biotite spessartites, while
one (53199) may be a camptonite (JOHANNSEN, 1937).

The general impression of the lamprophyres is that the composition may vary
considerably along and also across the same dyke. This is suggested by the banded and
zoned nature of some of the dykes. There is also the impression that the composition
may vary from area to area in some sense dependent on the nature of the country rock.
The spherulitic dykes appear to be restricted to the shales and greywackes, and olivine
phenocrystic types to the basement gneisses. It is thus possibIe that the magma
(or crystal mush of idiomorphic mafics) may have been modified largely at water-rich
leveIs.

The dolerites
The various generations of dolerites are olivine dolerites with the exception of

one BD" which lacks olivine and contains a surprisingly large proportion of quartz­
feldspar micropegmatite intergrowths. In the twenty thin sections of these rocks
examined all the primary minerals are generally preserved. The small amounts of
alteration products found occur along the grain borders and in the intersticies.

The texture is always distinct with prominent ophitic relations between plagio­
clase and pyroxene. In the coarse-grained broad dykes textures with more rounded
and curved plagioclase and pyroxene crystals are found.

The plagioclase ranges in composition from An 38 to An.8 in strongly zoned indi­
viduals. The pyroxenes are clear and non-pleochroic, or pink with a faint yellowish
pleochroism. The pink colour and 2Vz = 55° correspond to a titaniferous augite. aften
there is a poikilitic relation between pyroxene and plagioclase, the pyroxene exhibiting
optical continuity over large parts of the slide and enclosing plagioclase laths. In a few
cases a beginning of uralitization can be detected.

The olivines (2Vx = 80°) occur as large grains and showexsolution of ore along
cracks. Alterations of olivine to carbonate, serpentine, chlorite and ore often in zoned
aggregates (53954) occur with carbonate in a central position. Primary ore is often
associated with biotite and chlorite. Biotite is very abundant with a strong reddish­
brown and green pleochroism. Apatite and carbonate occur in accessory proportions.

The Big Feldspar Dykes (BFD) are the only truly porphyritic dykes. The pheno­
crysts in one case are oligoclase-andesine at the margins. The centre was indetermi­
nable because of alteration.

13*
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An xenolithie dyke (marked XD on plate 13) (20818, 20820, 20821 and 20830)
eontains strongly altered mafies and quartz in the matrix. The xenoliths have the
eomposition of quartz-monzonite and monzonite eontaining vaguely greenish pyroxene
and biotite.

The modal eomposition of the best preserved Gardar dolerites is given in table 18.

Table 18. Modal composition of dolerites from Grænseland

BDo BDo BD I BD I BD. BD. BD. XD BFD
20823-

53068 20853 52984 52988 52983 20819 53030 20812 24-25

% "Io "Io "Io "Io "Io 2"10 "Io "Io
Plagioclase . 71.5 58.6 67.3 60.2 60.0 63.8 62.6 62.0 50
Pyroxene ., 8.0 14.2 14.0 11.0 14.4 19.6 17.8 10.2 10
Olivine .... 10.7 5.0 14.1 25.6 16.7 4.2
Ore ....... 3.3 13.1 1.9 1.3 3.2 6.4 9.0 6.7 10
Biotite ..... 2.7 5.7 1.2 1.9 2.5 1.5 1.6 0.2 5
Alterations. 3.8 3.4 1.5 3.2 4.5 7.9 17.8 25
Carbonate .. 0.5 0.3
Quartz ..... 0.6 2.8

Total ...... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Faulting

Gardar faulting is restricted to a few large sinistral fauIts trending in
the directions of 90° to 120° and some dextral faults trending in directions
of 300 to 45°. One fault, the Bæversø fauIt, a rejuvenated pre-Gardar fauIt,
deviates from this pattern with a trend of 135° to 140°. All the faults are
vertical or nearly vertical.

Displacements have occurred along the fauIts throughout Gardar
time. The large sinistral faults displace BD2 dykes and there is thus no
means of determining the upper limit of the faulting in Grænseland. In
other regions major sinistral faults of similar trend are cut by coast­
parallel dolerites of Mesozoic age. A detailed analysis of a large sinistral
fauIt in the Ivigtut region - the Laksenæs fauIt - has been given by HEN­

RIKSEN (1960). The sinistral fauIts in Grænseland appear to have a very
similar history. The displacement along the north-east-trending dextral
faults is post-BD1 and pre-BD2•

A characteristic feature of the sinistral faults is that their displace­
ments appear to be greater in the western than in the eastern area. This
could be due to a flexural development in one of the fauIt blocks similar
to that shown for the Laksenæs fauIt (HENRIKSEN, op.cit.), or to hinge-like
fauIt movements. A large fault crossing Fønland has a sinistral displace­
ment in the eastern part of the area of 600 m in a horizontal sense with no
apparent vertical movement, and in the western part of the area about
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1200 m horizontal sinistral movement and 300 to 600 m displacement in
a vertical sense. The displacements were determined by considering the
dip of bedding and the intersections with vertical dykes. The Bæversø fault
shows similar relations; a BDodyke at Vallen is displaced 400 msinistrally
and one at Bæversø about 900 m in the same sense. In the southern part
of the area no displacements of the border to the Ketilidian larger than
300 m are apparent, whereas the displacement of the BD 2, 8 kilometres
west of the border, reaches as much as 1200 m.

The displacements along the dextral fauIts are about 450 m in the
southern part of the area and about 200 m near the Sioralik glacier.

OnIy small movements appear to have occurred along the numerous
small Ketilidian fauIts in the Zigzagland area; there are no displacement
relationships to the few Gardar dykes in this stable area. In the southern
part of the area, however, many of the smaller fauIts have been rejuve­
nated in Gardar time and some of the major faults in this area may have
developed along original fauIts of Ketilidian age.

The effects of fauIt movements on the country rocks are mainly
brecciation, crushing and mylonitization. There is also a certain meta­
morphic effect and recrystallization of some minerals is apparent. A re­
crystallization of quartz is common. Veining in tensional fractures is also
frequent largelyas quartz and carbonate fillings.

The Bæversø fauIt follows a trend abnormal in the Ivigtut region
as a whole. The alteration of the surrounding rocks is very marked in­
volving chloritization and microclinization of the country rock in a broad
beIt more than 150 m wide. From the stratigraphical and structural evi­
dence it is possibIe that this fault was responsibIe for the special relations
in the development of the Blåis Formation basin, and the paleogeography
of very early Ketilidian time. The Bæversø fauIt is parallel to the pre­
Ketilidian fauIts in the gneisses west of Zigzagland (see p. 25), but these
have not been reactivated during Ketilidian and Gardar time as has the
Bæversø fault.



APPENDIX

Economic geology

The Ore-Conglomerate Member of the Upper Zigzagland Formation
is of possibIe economic interest especially in the area between Vallen and
Lappesø.

The Anthracite-Carbonaceous Shale Member of the Foselv Forma­
tion, where contact metamorphosed by large dykes in the Fønland area,
has yielded large masses of almost pure graphite. Locally the graphite is
tectonically concentrated in faults.

Some pyrite concentrations are found in the southern part of the area
in greywackes and shales of the Blåis Formation.

A radiometric survey did not show any noteworthy radioactivity.

The Quaternary

The Grænseland area is to the east, north and south bordered by the
Inland Ice, the Sioralik glacier and the Arsuk glacier, respectively. It
would therefore be expected that Quaternary deposits such as moraines
and glacio-fluvial deposits would be conspicuous, but this is not the case.
Although evidence of glaciation in the form of striae, shattermarks,
'roches moutonnees' and scattered erratics are found everywhere in the
area, significant deposits are restricted to the actual border of the ice
(see plate 11). Here an almost continuous boulder moraine is found resting
apparently on top of ice. It is therefore suggested that, to a large extent
the moraine may be a shear-moraine (BISHOP, 1958).

In front of the moraine, a pro-glacial snow bank occurs in most areas.
Sections in this snow bank revealed a marked layering, possibly repre­
senting annual accumulation. Up to 58layers were counted in well exposed
sections. The layering was deformed, not only by compression, but ap­
parently also in response to local movements in the bordering ice which
locally caused the development of overturned folds.

The boulder material of the moraines is dominated by the same rock
types as found in the low-metamorphic complex of the Ketilidian just to
the west of the ice i.e. sediments, volcanics and intrusives, and also ap­
parantly Gardar hypabyssals. About 5 % of the boulders comprised red
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and purpIe (continental ?) sandstones and unmetamorphosed intermediate
and basic volcanics of Gardar supracrustal type. In addition to these,
single boulders of coarse porphyroblastic granite and hornblende gneisses
were found.

Glacio-fluvial plains and deltas are found in the lakes, especially
Vallen and in front of Blåisen 2 km south of Vallen (BONDESEN, 1966).

Terraces at Vallen and Grænsesø, and in the large open valley leading
from Lappesø to Foselv, appear to have originated from iee-dammed
stages in the history of the lakes. Those in Grænsesø could hardly have
been formed unless the Sioralik glacier was at a very advanced stage
eorresponding to an altitude of the surfaee in the Grænsesø region of 800
to 850 m above sea level. Those found at Vallen eould only have been
formed if Vallen lake itself was oeeupied by a large glacier tongue, and the
valleys to the north in whieh the terraces occur were iee-dammed lakes.
The terraees in the valley south of Lappesø were probably formed in a
lake dammed by the Arsuk glacier. This required an advanced stage of
the glacier corresponding to a surface altitude of at least 750 m above sea
level. This would eorrespond to an advaneed position of the Arsuk and the
Sioralik glaeiers - the Fjord stage 1 and 2 - equivalent to the Coehrane
stage (7500-9500 b.p.) (WEIDICK, 1968).

The ice border seems largely to have been stationary in recent time.
At Vallen (altitude 575 m) a local glaeier tongue in the south-eastern
carner has left a terminallobate moraine 200 m from the present iee bor­
der (see fig. 39 and plate 1). The two fjord glaeiers - the Sioralik glaeier
and the Arsuk glaeier - show a trim line zone whieh seems to peter out at
an altitude of 800 m. The history of retreat of the Arsuk glacier is fairly
well known and has been described by WEIDICK (1959, p. 92). Reeently
Mælkesø has been drained and a productive tongue now extends into the
lake. Between 1960 and 1961 a 50 m deep lake 1400 m south of Vallen was
drained. The drainage oecurred beneath the iee border towards Vallen.
Along this streteh numerous sink holes oeeur in the moraine-eovered iee
and the pro-glacial snow banks. The extensive moraine-covered area
immediately east of Vallen is largely dead ice with numerous sink holes
(fig. 2).

The margins of the Inland lee shown on the maps attaehed to this
paper eorrespond to the position in August 1958. The Quaternary geology
shown on the map of plate 11 was largely mapped fromaerial photo­
graphs and eheeked in the fieId.

Laboratory methods

Granulometrie analyses (figs. 25, 35, and 47) were performed both
after the methods of FRIEDMANN (1958) and those of MUNZNER and
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SCHNEIDERHOHN (1953). As the granulometry of the greywackes presents
some difficulties when using Friedmann's method, it was preferred to
present the results according to the recommendations of Mtinzner and
Schneiderhohn. The curves presented are thus mutually comparable, but
cannot be compared to those of sieve analyses. For this reason the results
have not been recalculated to weight percentages but are given as volume
percentages. Although FRIEDMANN has shown the existence of a linear
relationship between sieve analyses and thin section measured grain sizes
it has not been possible to make the necessary compensations because of
the extreme variations in mineral composition of the greywackes.

The statistical demands (200-300 measurements after Friedmann
and 1000 after MUNZNER and SCHNEIDERHOHN) have been met with in
all cases. However, only one section fromeach sample has been measured
and there is thus an error due to possible preferential orientation of the
grains. Errors due to layering in the sample have been eliminated unless
otherwise stated. Only samples which in thin section seem to be unaffected
by tectonization have been measured.

All analyses have been performed by the same technician, so that
operator errors, which may be large (GRIFFlTS and ROSENFELD, 1954),
do not influence the relative results. The linear proportion of matrix was
compared to that obtained from modal analyses.

The modal analyses have been made by means of a point-counter.
Depending on the relative proportion of constituents between 800 and
3000 points were made. Three operators have been employed in the ana­
lyses but generally so that one group of rocks was counted by the same
operator.

Mineralogical work has been carried out on a Leitz universal stage.
Staining of feldspars has been carried out after the methods of BAYLEY
and STEVENS (1960). Carbonates were examined with X-ray diffracto­
meter (MULLER, 1964).

Chemical analyses were made by L SØRENSEN in the Chemical La­
boratory of the Geological Survey of Greenland. The methods used have
been described by BORGEN (1967) and refined by I. SØRENSEN. Chemical
data from carbonate rocks were obtained titrametrically from a HCI­
solution of the rock powder. From MgO and CaO proportions stoichio­
metric MgCa (COa)2 have been calculated.

X-ray fluorescense analyses have been made in the Laboratories of
the Geological Institute of the University of Copenhagen.
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PYCCROE PE3IOME

Ha TeppHTopHH fp:mCeJIaHA IOro-3arrap;Holt fpeHJIaHp;IHI (rpHr. 1) rrpep;­

CTaBJIeHa Ha pep;ROCTh XOPOIllO COXpaHI'lBIllarrCH cepHH OCaAOqHhIX H BYJIHalIIIqeCRHX

OTJIomeHHM cpep;Hero p;OHeM6pHH. 8Ta cepHH OTHOCHTCH H cyrrpacTpyRType KeTH­

JIHp;CROro nop;BHmHoro nOHca, HaCqHThIBaID~ero 1750-1500 MJIH. JIeT, a B03pac­

TOM rJIaBHOrO STarra OTJIOmeHHH npep;rrOJIOmHTeJIhHO CqHTaIDT 1800 MJIH. JIeT H

60JIee. KeTHJIHp;CRHM oporeHHqeCRHM ROMrrJIeRC OrpaHHqeH P;ByMH rJIaBHhIMH He­

COrJIaCHHMH: cy6ReTHJIHp;CRHM, 06HameHHe ROToporo Haxop;HTCH B fpSHCeJIaHp;e,

H cy6rapp;apCRHM HeCOrJIaCHeM (WEGMANN, 1938).
OCHoBaHHe ReTJIHp;cROM ocap;oqHoM TOJI~H B fpSHCeJIaHp;e CJIOmeHO ,l.\ORe-

THJIHP;CRHMH rHeMcaMH H MHrMaTHTaMH, npHHap;JIema~HMH no MeHhIlleM Mepe R

6JIHmaltIlleMY H3 p;ByX npep;IlleCTBYID~HX opOreHHqeCRHX l\HRJIOB. CeBepHee fps­

HCeJIaH,l.\a, Ha TeppHTopHH MHp;TepHSC, HeTHJIH,l.\CRaH cepHH HeCOrJIaCHO nepeRphl­

BaeT HeMIHMaTH3HpOBaHHhle MeTaOCa,l.\OqHhle H MeTaBYJIRaUHqeCRHe rrOp0,l.\hI Tap­

TORCROlt rpyrrrrhl (HIGGINS & BONDESEN, 1966). Cy6-ReTHJIH,l.\CKOe HeCOrJIaCMe

o6HameHo 6oJIee, qeM Ha 15 RM. lIMeIDTcH TaHme CJIe,l.\hl BhIBeTpHBaHHH H H3Me­

HeHHH rropop;, OTHOCH~HeCH R HaqaJIY OCa,l.\ROHaHOrrJIeHHH. IIepBble rrOBepXHOCTHhle

OTJIOmeHMH npep;CTaBJIeHbI MaJIOMO~HbIMH apH030BbIMH neCqaHMHaMH H OCTaTO­

qHbIMH ROHrJIOMepaTaMH, 3aJIeraID~HMH B He60JIbIllHX HapMaHax H yrJIy6JIeHHHX

Ha nOBepXHOCTH p;OHeTMJIHp;CHHX rHeMcoB. B paMoHax, rp;e rrepBbIMH BOP;HbIMH 0'1'­

JIOmeHHHMH HBJIHIDTCH HBapI\HThI H HOHrJIOMepaThl, BepXHHH qaCTb rHeltcoB,

3aJIeraID~MX HHme HeCOrJIaCMH, HOCHT rreJIHTOBbIlt xapaRTep, npe,l.\rrOJIaraID~Mlt

HaJIMqHe RaOJIHHHTOBoro BhlBeTpMBaHHH. B I\eHTpaJIhHolt qaCTH fpSHCeJIaHp;a oca­

p;OqHaH cepHH HaqHHaeTCH ,l.\OJIOMI'ITaMH, HHme ROTOPbIX rrpOHCXO,l.\MJI3 rJIy60HalI

Hap60HaTH3aI\HH rHeMcoB H OCTaTOqHhIX OTJIomeHHM. Kap60HaTH3aI\MlI, HOToparr

B OCHOBHOM 3aHJIIOqaeTCH B 3aMe~eHI'IH nOJIeBbIX IllrraTOB I{ap60HaTaMH, rrpOXO,l.\MJIa

rro paHee 06pa30BaHHolt CHCTeMe Tpe~HH. IIoJIomeHHe HBapI\a B CTpyHType

rHeMca OCTaJIOCh HeH3MeHHhlM, H TeRcTypa caMolt rropop;bI B 3HaqHTeJIbHolt CTerreHH

coxpaHeHa. KpyrrHhle JIHH3bI RpeMHlI 3bIJIeraIDT B H3MeIIeHHbIX rHeltcax, a TaRme

B ,l.\OJIOMHTe.

JIHTocTpaTHrpaqmqeCHH HeTHJIH,l.\CRMe OTJIOmeHl'IlI MomHO pa3AeJIHTb Ha

rpynrry BaJIJIeH (HCRJIIDqHTeJIhHO OCap;OqHble nopop;hI MO~HOCThID OROJIO 1100 M.)

H rpyrrrry COPTHC (ocap;OQHbI8, OCHOBHhl8 BYHafIMqeCHl'le H HHTPY3HBHhle rropop;hl

MO~HOCThID 3000 M.) (tlJHr. 11).
B BaJIJIeHCHOM rpyrrrre HaH60JIe8 paHHl'le ocap;RH COCTOlIT H3 MaJIOMO~HhIX H

pa36pocaHHhIX oTJIomeHHM OCTaTOqHOrO HOHrJIOMepaTa H apR030Boro rreCqaHHRa,

a B I\eHTpaJIhHolt qaCTI'I fpSHCeJIaH,l.\a OHH rrpe,l.\CTaBJIeHhI P;OJIOMMTOM, CHJIbHO

n8JIHTOBbIMH JI8HTOqHhIMH CJIaHI\aMH c Tpe~HHaMH YChIxanl'lH H OmeJI83H8HHbIM

,l.\OJIOMI'ITOM. 8TH ocap;RH OTJIaraJIHCh B MeCTHOM, B03MomHO, 3aRphITOM 6acceltHe.

B I\8HTpaJIhHOM rpSHC8JIaHp;e OCap;OqHaH TOJI~a HaqMHa8TCH TpaHcrpeccHBHhIM

OJIHrOMHHTOBbIM HOHrJIOMepaToM, I\eMeHT ROToporo COCTOHT M3 MarH8TI'ITa H rro,l.\-
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qllHeHHOro HOJIlIqeCTBa RBapn;a 11 RpeMHeBblx BaJIYHoB. 3aTeM CJIeAYIOT rrOJIocqa­

Tble RBapn;llTbI c HOHrJIOMepaTaMlI; TeRCTypHble oc06eHHocTlI <ITlIX rropoA YHa3bI­

BalOT Ha liX MeJIHOBOAHoe rrpollcxomAeHlIe. B HaCTOlUn;e BpeMH CqllTalOT, qTO ceAlI­

MeHTan;lIH Ha TeppllTopllll rp<lHCeJIaHA B n;eJIOM rrpOllCXOAlIJIa B AByX 6acce~Hax,

a TpeTll~ 6acce~H HaMeqaeTCH R ceBepy OT Hee. MOIIJ;HbIM OAIIOPOAHbIM AOJIOMlIT

II AOJIOMlITOBbIe CJIaHn;bI 06pa3YlOT pe3RylO JIlITOJIOrllqeCHYIO rpaHlIn;y c RBapn;lI­

TaMll II HaMeqalOT AaJIbHeMIIIee paCIIIlIpeHlIe <ITlIX AByX 6acce~HOB. Bce BblIIIeOT­

Meqemlble rropOAbI COCTaBJIHIOT epopMan;lllO ,,3llr3arJIaHA" (MaHClIMaJIbHaH MOIIJ;­

HOCTb 275M.) BaJIJIeHCRO~ rpyrrrrbI.

CJIeAYIOIIJ;lIe 3aTeM OCaAOqHble rropoAbI epopMan;lIll "BJIOllC" (MaHClIMaJIbHaH

MOIIJ;HOCTb 800 M.) xapaHTepll3YlOTcn CllJIbHbIMlI rop1l30HTaJIbHbIMlI, a TaHme Bep­

TlIRaJIbHbIMll epan;lIaJIbHbIMll 1I3MeHeHlIHMlI (eplIL 30), YRa3blBalOIIJ;lIMlI Ha 3aMeTHoe

1I3MeHeHlIe YCJIOBlIM ceAlIMeHTan;llll. TeppllTopllfl, pa3AeJIfllOIIJ;afl ABa paHee cYIIJ;e­

CTBonaBIIIllX 6acce~Ha, rrpeTepneJIa TpaHcrpecclIlO. Ha lOre ee 0AHOpoAHble qepHbIe

rreJIlITbI BCHope uepeRpbIBalOTcfI MOIIJ;HOM TOJIIIJ;eM COpTlIpoBaHHblx rpayBaHIwB,

llJIll me TOHRllMll rraqHaMll rrOJIOCqaTbIX neJIlITOB II rpayBaRRoB, xapaRTepHblx

AJIH BC~ OCTaJIbHO~ rrJIOIIJ;aAll perlIOlIa . BepxHHH qaCTb epopMan;lIl1 rrpeACTaBJIHeT

C060M OAHo06pa3Hoe qepeAOBaHlle TOJICTbIX rraqeH COpTlIpoBaHHblx rpayBaRRoB.

HlImHfIfI qaCTb 6JIOllCCHO~ epopMan;lIll cOAepmllT ROHrJIOMepaT, Ha3bIBaeMbI~ "AlIHlIM

epJIlIIII" (apR030Bafl rraqRa), ROTOPbIM COCTOllT ll3 BaJIYHoB 11 06JIOMHOB pa3JIllqHbIX

nopoA 311raarJIaHACRO~ epopMan;lIl1, a TaRme rIle~COB. BepoflTHo, <lTOT ROHrJIOMepaT

rrpeACTaBJIfleT C060M nOABoAHYIO OCblIIb, nOflBlIBIIIYIOCfI B pe3YJIbTaTe BepTlIRaJIbHOrO

CMeIIJ;eHllfl B rropflAHe 200 MeTpoB BAOJIb pa3JIOMa, 06HapYlHeIIHOrO Ha TeppllTopllll,

II HOTOPbIM rrepBOHaqaJIbHO pa3AeJIflJI ABa 6acce~Ha, rAe epOpMlIpOBaJIlICb 311r3ar­

JIaHACHlle OTJIOmeHlIfI. KOnrJIOMepaT 11 COpTlIpOBaHHble rpayBaHHlI (rrOCJIeAHlIe

paCCMaTpllBalOTCfI RaH OTJIOmeHlIfI MYTHbIX rrOTOHOB) CBlIAeTeJIbCTBYIOT o TOM, qTO

ceAllMeHTan;lIf1 rrpOllCXOAlIJIa B HeYCTOMqllBOM TeRTOHlIqeCHOM 06CTaHOBHe.

CaMO~ BepXHe~ epopMan;lIeM BaJIJIeHCHOM rpyrrrrbI f1BJIfleTCfI epopMan;lIf1

"rp<lHCeCO" (MaRClIMaJIbHafl MOIIJ;HOCTb 100 M.), HOTopafl npeACTaBJIfleT C060M

OqeHb xapaHTepHylO OCaAOqHYIO ceplllO. I-lecMoTpH na TO, qTO ee HlIlHHflH rpaIIlIn;a

CRpbITa 30HO~ HaABlIra, Ha6JIIOAeHlIfI Ha 0AHOM 113 yqaCTHOB rrORa3bIBa1OT, qTO <lTa

epopMan;lIf1 COrJIaCHO rrepeHpbIBaeT epopMan;lIlO "BJIOllC". CI>opMan;lIf1 "rp<lHceco"

COCTOllT 113 qepHbIX yrJIlICTbIX CJIaHn;eB, JIlIH30BlIAHbIX AOJIOMlITOB, qepHOrO yrJIlI­

CTOro HpeMHfI 11, B caMO~ BepXHe~ CBoeM qaCTlI (Aa 11 TO TOJIbHO Ha lOre Teppll­

TOpIIII) , 113 rrllJIlITOBbIX CJIaHn;en (eplIr . 38). 8TlI ClIJIbHO yrJIlICTbIe ocaAHlI CBlI­

AeTeJIbCTBYIOT 06 YCTOMqllBO~ 3BHClIHllqeCHOM 06cTaHoBHe ocaAHOHaHOIIJIeHlIH 11,

B03MomHO, o He60JIhIlIOM rJIy611He 6acceMna. COAepmaHlIe yrJIepOAHbIX 1I30TOnOB

<5C13 B AOJIOMlITe, a TaHlHe HaJIlIqlle yrJIlICTOrO MaTepllaJIa (BONDESEN, PEDERSEN

& JØRGENSEN, 1967) 11 COAeplHaIme yrJIeBOAOpOAOB (LAM & PEDERSEN, 1968) YHa­

3bIBalOT Ila 6110JIOrllqecHYlO AeHTeJIbHOCTh B nepllOA ceAlIMeHTan;lIH, qTO TaHme

rrOATBepmAaeTCfI HaXOARaMH opraHH3MOB cepepHqeCHOM epOPMbI (Vallenia) 11 MHO­

rOqllCJIeHHblX 06JIOMHOB MlIRpoopraH1I3MOB.

rpyrrrra COPTlIC B CBoe~ HlImHe~ qaCTlI (epopMan;lIH "cDoC3JIbB", MOIIJ;HOCThlO

OROJIO 1000 M.) rrpeACTaBJIeHa MOIIJ;HO~ TOJIIIJ;e~ nOAymeqHbIX JIaB, rrpopBaHHbIX

rrJIaCTOBhIMH HHTPY3HflMH OCHOBHoro COCTaBa. KOJIlIqeCTBO rrHpOHJIaCTHqeCHOrO

MaTepllaJIa OqeHb He3HaqllTeJIbHO, II BCTpe'IaeTCH OH TOJIbHO B BepXHe~ qaCTlI

epopMan;HH. IIpHMeqaTeJIbHO HaJIHqlle rrJIaCTa aHTpan;llTOBoro yrJIfI, HOTOPbIM

AOCTHraeT MOIIJ;HOCTH CBblIIIe OAHoro MeTpa. BepXHfIfI qaCTb COPTlICCHOM rpyrrrrbI

rrpeACTaBJIeHa epopMan;lle~ "PeHAeCTeH", H1I3bI ROTOPO~ COCTOflT 113 cepllll CJIaHn;eB

II AOJIOMllTOB, OqeHb rroxomllx Ha Te me rropOAbI epopMan;llll "rp3Hceco" BaJI­

JIeHCRO~ rpyrrrrbl. OTCIOAa MomHO 3aRJIlOqllTb, qTO 3BRCllHlIqeCRHe YCJIOBllfl ocaA-
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IWHalWIIJIeHMH IIpeOOJIaAaJIM B IIepMOA BbIOpaCbIBaHMH IIOAYllIeqHblX JIaB ifJOC­

SJIbBCIWH .pOpMa~MM, II qTO OaCCeHH B TO iKe BpeMH MeAJIeHHO rrorpymaJICH, qeM

OOeCrreqMBaJIOCb rrOCTOHHCTBO yCJIOBllH CeAllMeHTa~Mll. OCTaJIbHaH qaCTb !fJopMa~llll

"PeHAeCTeH" XapaHTepMsyeTcH MO~HbIMM IIllpOHJIaCTllqeCHllMM OTJIOiKeHMHMll,

IIepeCJIaMBalO~MMllCH C rpayBaHHaMll II CJIaH~aMll B peSHllX .pa~liaJIbHbIX llSMe­

HeHMHX. CJIeAyeT OTMeTMTb, qTO rpayBaHHM He cOAepmaT OOJIOMHOB IIOpOA MJIM

MMHepaJIOB BYJIHaHMqeCHMX OTJIOmeHMH. 8TO AaeT OCHOBaHMe npeAIIOJIaraTb, qTO

OaCCeHHbI, MJIM OaCCeHH .pOpMa~MM "PeHAeCTeH" IIOJIyqaJI IIHTaHMe HS AByX

paSJIlIqHO paCIIOJIOmeHHbIX HCTOqHMHOB. <l>opMa~MH "PeHAeCTeH" BHJIlOqaeT OOJIb­

IIIMe MaCCHBbI OCHOBHbIX IHITPYSMH.

BYJIHaml'IeCHHe IIOPOAbI rpynnbI COPTllC npeACTaBJIeHbI TOJIellTOBbIMll OaSaJIb­

TaMll (TaOJI. 6), nOAooHbIMH OaSaJIbTaM JIaopaAopcHoro IIpornoa (BARAGAR , 1960).
l1HTPYSHBHbIMll IIopoAaMll HBJIHIOTCH raoopo TOJIeMTOBOro TMna, OTJIMqalO~MeCH

HaJIM<IMeM HeMsMeHeHHoH nepBMqHOH poroBoH OOMaHIm H MeSOCTaTHqeCHMX MMHpO­

IIerMaTMTOB. l1HTPYSMBHbIe nopOAbI BCTpeqaIOTCH HaH B MeJIaHOHpaTOBbIX, TaH M B

JIeHHOHpaTOBblX paSHOBMAHOCTHX M MeCTaMH HpaHHe rpyoosepHMCTbI.

KeTMJIMACHaH cepllH Ha TeppMTopMM fpSHCeJIaHA npeTepneJIa TpM nOCJIeAOBa­

TeJIbHbIX nepHOAa Ae!fJopMa~Mll M CHJIaAHOOOpaSOBaHllH. IIepBbIH nepMOA CHJIaAHO­

oopaSOBaHMH B OCHOBHOM HOCHYJICH OTAeJIbHblX CTpaTHrpa.pMqeCHMX ropMSOHTOB M

conpOBOiKAaJICH HaABMraMM. HaHJIoH nOBepXHOCTM OCHOBaHMH (.pHr. 6) M BbIXOA

Ha IIOBepXHOCTb HeTMJIMACHMX nopoJ~ CBHsaHbI c STMM IIeplloAoM. B STO me BpeMH

npOMSOIIIJIO oopasoBaHMe OpeHqMM B OCHOBaHllll HOMIIJIeHCa (.pMr. 59,60 M 61).
BTOPOH neplloA Ae!fJopMa~Hll MMeJI oOJIee npoHMHalO~MH xapaHTep. THn M llHTeH­

CMBHOCTb CHJIaAqaTOCTH 3Toro BpeMeHll saBMCHT OT nOAaTJIMBOCTH McnbITyeMoro

MaTepMaJIa M OT saHllMaeMoro llM nOJIOiKeHMH no OTHOIIIeHMIO H ceAMMeHTa~MOHHbIM

OacceHHaM. BTOPOH nepMOA CImaAHooopaSOBaHMH TaHme COIIpOBOmAaJICH HaABMraMll.

TpeTbH rpynna CHJIaAOH OOYCJIOBJIeHa MeCTHbIM paSBMTMeM.

IIpo~ecc MeTaMop.pMSMa IIPOXOAMJI nOA OTHOCMTeJIbHO HMSHMM AaBJIeHMeM

B HBap~-aJIbOMT-MYCHOBMT-XJIOPMTOBOH M HBap~-aJIbOllT-MYCHOBMT-OHOTMTOBOH

CY0!fJa~llHx !fJa~MM SeJIeHbIX CJIaH~eB (!fJMr. 66).
Ha TeppMTopMM BCTpeqeHO HeCHOJIbHO reHepa~HH MeTaMop!fJMsoBaHHbIx AaeH.

OqeHb HeMHorMe MS HMX nepeceHalOT HeTMJIMACHMe OTJIOmeHHH. OCTaJIbHbIe, XOTfl M

IIpopbIBalOT OCHOBaHMe, HO He nepeXOAHT sa HeCOrJIaCMe; MX IIOJIOmeHMe OTHO­

CMTeJIbHO HeCOrJIaCMH IIOHaSblBaeT, qTO HeCOrJIaCMe yme cy~ecTBOBaJIO BO BpeMH

BHeApeHMH AaeH. BOJIee IIOSAHHH reHepa~MH OCHOBHblX AaeH He npeTepIIeJIa

CHJIaAqaTOCTH, HO CJIerHa MeTaMop!fJllsoBaHa. MHOrOqMCJIeHHbIe AaHHM TMHryaMToB,

MMHpOCHeHllTOB M OJIMBllHOBbIX AOJIepllTOB OTHOCHTCH H rapAapCHOMY neplloAY

(1000-1200 MJIH. JIeT). OopasoBaHHe paspbIBHbIX HapyIIIeHMH MMeJIO MeCTO HaH

B HeTMJIMACHMH, TaH II B rapAapCHHH nepMOAbI.
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Plate 1

Aerial photograph across the border of the Ketilidian supraerustals in Zigzagland.
The strongly fissured landscape of the basement gneisses with the eastern amphibolite
band on both sides of a pre- Ketilidian fauIt line covers the lower haU of the photograph.
Several small dykes are apparent in the gneisses. The small metadyke mentioned on
p. 177 is indieated with blaek. The border of the Ketilidian is seen as a whitish spotted
zone (indieated with A), whieh represents the lower dolomite and the earbonatized
gneisses. The zone B is the Varved Shale Member, whieh is mostly eovered in seree
from the Ore-Conglomerate Member. The latter is apparent as a dark zone in the lower
part of the field C; the rest of this zone is the Banded Quartzite Member. The zone D
is the Dolomite Shale Member, whereas E, F and G are the blaek pelites, the banded
greywaekes and the graded greywaekes respeetively. To the right of the fiducial mark
at the top of the photograph a large reeumbent fold in graded greywaekes may be
seen (see also fig. 58) and the single units of the greywaekes ean easily be reeognized

in the upper left eorner.

In the area marked E the thrust zone analysed in fig. 62 and p.162 is found. Hs trend
is indieated by the displacement of the small metadyke north-west of the area. Nume­
rous fauIts whieh are related to F 2 are seen crossing the border of the Ketilidian and
are clearly discernable in the quartzites. These are virtuaIly unfolded. In the upper
left eorner of the photograph the terminal moraines of Blåisen are seen. Reproduced

by permission of the Geodætisk Institute, Copenhagen.
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Plate 2 a

Sample 52976. Nebulitic gneiss. Locality south-west corner of Grænsesø. x 12 - cros­
sed nicols. The specimen is taken a few metres below the sub-Ketilidian surface. The
thin section shows quartz in a typical gneiss texture. The feldspars are practically
totally altered except for microcline in the centre, and some areas which show vague
polysynthetic twinning. The alteration product is fine chlorite-micaceous mass locally

containing a little carbonate.

Plate 2 b

Sample 53183. Red-spotted carbonatized arkose. Locality 1 km south of Vallen. x 12­
plane polarized light. The dark grey areas are carbonate minerals enclosing light an­
gular grains of chert finely spotted with opaque material (iron ore) and reddish "drops"
(see text p. 46). In some grains idiomorphic mag"netite recrystallized from iron chert

occurs. In some of the chert grains apatite is found.
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Plate 3 a

Sample 53041. Varved shale from the Varved Shale Membel' of the Lower Zigzagland
Formation. Locality 1.5 km south of Vallen. x 12 - plane polarized light. The photo­
graph shows the minute laminations in a larger graded unit 1.5 cm thick. The pelitic
bands (dark grey) show an oriented growth of kink banded mica. The coarser bands
(light grey) contain numerous ore grains and only exhibit a very pOOl' cleavage.

Plate 3 b

Sample 5301,3. QuartziLe from Lhe Banded Quartzito Momber of Lhe Upper Zigzagland
Formation. Locality 2.5 km south of Vallen. x 12 - crossed nicols. The dominance of
quartz grains is apparent, but a few microc!ino and plagioc!ase grains are also seen.
The grains, although slightly recrystallized along their bordel's, appeal' to have had
rounded shapes. The matrix is dominated by microcrystalline quartz, but carbonate
is also present. At the top of the photograph a band of heavy minerals comprising

zircon and ore is soen.
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Plate 4a

Sample 52950. Basal boundary of a graded greywacke unit from the Blåis Formation.
Locality immediately south of Grænses0. X 12 - plane polarized light. The fine top of
the preceding unit is dominantly quartz in a fine chlorite-micaceous matrix. The coarse
base of the upper unit is composed of densely packed angular, sub-rounded and roun­
ded fragments of various rock types - shale fragments, quartz fragments showing un­
dulatory extinction, plagioclase-microcline aggregates, chert, chert with carbonate,
semipelite and feldspar grains. Some of the chert grains are associated with recrystal-

lized ore and opaque material, possibly carbonaceous matter.

Plate 4 b

Sample 52992. Greywacke. Locality at the north coast of Vallen. X 12 - plane pola­
rized light. Unsorted angular and sub-angular fragments are seen closely spaced in a
matrix af carbonate, chlorite, mica and microcrystalline quartz. The grains are mainly

chert and quartz with undulate extinction.
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Plate 5 a

Sample 53050. Badly sorted fine-grained greywacke from the mixed pelitejsemipelite di­
vision of the Blåis Formation. Locality 2 km south Vallen. X 12 - crossed nicols. The
texture is typical of most greywackes. The large quartz grain in the centre shows un­
dulate extinction and is thus derived from the basement rocks. It has fairly good

rounded shapes.

Plate 5 b

Sample 53061 - 1. The Vallenia rock. Locality in the Grænsesø Formation north of
Grænsesø neal' the Sioralik glacier. X 12 - plane polarized light. The round fossils are
set in anearly eugranoblastic mass of carbonate grains (dolomite). Opaque carbona­
ceous material occurs in the fossils and also interstitially in relation to irregular pat­
ches. Carbonate also makes up to the fossils. The small white grains and a few larger
grains are quartz. For further illustrations of this rock and the fossils see BONDESEN

et al. (1967), plates 1-6.
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Plate 6 a

Sample 53060. ehert dolomite. Locality in the Grænsesø Formation in the south-east
corner of Grænsesø. X 12 - to the right with crossed nicols, to the left with plane
polarized lig'ht. 'rwo bands of dolomite with chert between them are seen. With the

crossed nicols the fine eugranoblastic texture typical of chert is seen.

Plate 6 b

Sample 52999. Lapilli tuffite. Locality 1 km east of Frynsesø in Fønland. X 12 - plane
polarized light. 'rhe rock shows scattered angular fragments of lava (dark grey) in a
mesostasis of oriented fine semi-opaque material, secondary chlorite and epidote cry­
stals. A smal! fragment below the centre appears to have been rotated in the mesostasis.
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Plate 7 a

Sample 53006. Lapilli tuffite. Locality in the south-east corner of Fønland at the ice
border. X 12 - plane polarized light. The rock consists of a dark grey part which
possibly represents elongated areas of lava, and a light part, which is a mesostasis of
chlorite, quartz, feldspar fragments, carbonate and epidote crystals. Both parts con­
tain large subidiomorphic crystals of pyroxene and lenses of carbonate and chlorite.

Plate 7 b

Sample 53007. Coarse-grained intrusive rock (gabbro). Locality in the south-east
corner of Fønland. X 30 - plane polarized light. A large area of late micropegmatite
is seen centrally. In the upper right corner a large twinned primary amphibole en­
closes patches of pyroxene. The twinned individuals show ophitic relations to ore,
which locally is altered to leucoxene. The majority of the field in view is altered pla­
gioclase with small idiomorphic clinozoisite crystals and long actinolite needles. In
the lower left corner another twinned amphibole individual is evident. The dark border

zone to the micropegmatite is mainly chlorite.



PLATE 7.

PlfltO ? fl.

Plato? h.



Plate 8 a

Sample 53111. Marginal facies of the melanocratic part of the large intrusive body
south-east of Rendestenen. X 12 - plane polarized light. Black areas are ore enclosing
smal! prismatic crystals of a paIe greenish pleochroic primary amphibole, of which the
cleavage traces may be seen. Grey areas are partly altered amphibole with chlorite and

actinolite. White areas are altered feldspar and quartz.

Plate 8 b

Sample 53108. Leucocratic intrusive rock from the large massif east of Hendestenen.
X 40 - plane polarized light. The dark grey tabular areas are altered feldspars The

light areas are partly altered non-pleochroic amphibole.



.\lEDDH (jnO:\u:\D, BD. J8.1. :\n. l IEIILI.\"I: Bn~DEsE .J. PLATE

Plal!' S:J.

Plal!' 1\ h.



Plate 9 a

Sample 53112. Leucocratic rock from the large intrusion at Rendestenen. X 12 - plane
polarized light. The large grains seen are primary amphibole in ophitic relation to
areas of altered feldspar. The light grey areas are dominantly chlorite.

Plate 9 b

Sample 53110. From a coarse-grained leocucratic intrusive body south of Rendestenen.
X 12 - plane polarized light. A large primary pyroxene encloses strongly altered feld­
spar exhibiting the ophitic texture of the rock. The pyroxene is locally altered to a

fine chlorite-actinolite mass. Ore is seen to enclose quartz.
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Plate 10 a

Sample 53129. Finely banded semipelite. Locality in the upper part of the Blåis For­
mation, at the ice border 2 km south of Vallen. X 12 - plane polarized light. The finely
banded structure of the rock is clearly seen. Light is mainly quartz and black is partly
the pelitic matrix and partly opaque material (ore and carbonaceous matter), which
outline a more or less well developed boudin structure of the silty layers.

Plate 10 b

Sample 53104. Varved shale. Locality in the Rendesten Formation immediately west
of Rendestenen. X 12 - plane polarized light. The bedding (horizontal) is characterized
by a zone of quartz grains in a semi-opaque groundmass. Two diagonal cleavage planes
correspond to S1 and S2. Small mica flakes are arranged parallel to both planes.
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TECTONIC MAP OF THE
GRÆNSELAND AREA

Mapåed in 1960 and 1961, compiled 1965. Topography by the
Geo ætisk Institut, Copenhagen. Ice margins as in August 1958.

/
I

I
I

I
1 ••
I .,e-!.- . .' .::.:.'.~: ...... ."
I .... .' ••:::-:,

...........~..A.:.
lo--- /'/ ......
k ................... 6 ',.:"'::'
v\.~ •• ,
.... 0?"

V
" c!, ,

.....

by Erling Bondesen

Heights in metres
Contour internl 50 lU

1:40000

o 2 3km

The diagrams are upper hemisphere
Wulf net stereographic projeetions

Pole to bedding plane (SS)

.YD..

..
bo

cf

... ........
r:f

~

Pole to Sl cleavage or Ft axial plane

Pole to S2 cleavage or F2 axial plane

Fold axis of unknown relation

Axis af Fl minor fold ar SS/SI intersection

Axis of F2 minor fold or SS/S2 or St/S2 intersection

Fold axis constructed from bedding planes in a single fold

Great circ1es drawn correspond to general orientation of
undeformed SS, Sl and S2 planes

~
. ,fl
O

.,

/' ' .~

o.-
0--0-

O-- ----O' ,

d 'o "
b

did ~ '0'0
' ...

••••• ""' ......S1
.,,~.~. "",/-.-. /'.. ".' /'. ' ...... "

,I .. I.

..

---

"

· ',' ..'. " '.
'~.':.: : ..•. .
· "

.'.':. '"..,
-,'...'

" .~

. .

"

l,
I
I·
I
\

--~
-~--- - -... :. -\ -- ..!-"-.- ---~ 51

',/ ,

", , , ,
..... ..........

· .
J A.:". .
~ • ':~'•• Å

\",,_'.~ :'itf:'.'.
','. · ·l •. :. . : : .

• III' ••. .'. --/ . '. ..'
o' • (ff :- _ '. s,
~/-,. -.-'-----:0;:.

. (:f ............. ~ - - '- -'- - ----
\ '., .:.

"­
"-

" $,
..... ........

...,

'.

---

· ,

......
':',.'....
'" '" .. ,
" • l.:••

-l': ": " .. -,-

...'" '.· .' ,,- .·:::'" :..... ...'
" .~ ','

-----

'.

,
" ~"lÆ·····' ..

." '.
. ..... .......- . ," --"lf -- __L:'.--'.

I

~ \Ii
?--...

,~~
, 0--

~~~
~~~~~~. .

\ ------
\

\
"-
", , , .....

............... ~1

, .I
\
\
\ . ".: .:-:,' ......
\ . :. .
~ ::'> /'

...._~~---_.-.-.­
~~ ,

..... ,
......

.... -

OVERL0BSSØ

650

C>
t> " •, .
'.;i: ~-4,

"D' •••
' .." '..... ,, ,..~..:.....-. " "

[>

C>

530

\
\ .
l'
l:
"
I,
I
I
l,
I

•1
•1
l
I

~~
~

..
•••• Io

.:
.. ,I .
:~~ ..

l, ',' •
\

\

"'~/

~ .... _--------

[>

/
/

I /

~
I I

I
0--1 I

,O-J-.
I~o-
I \ • ...-Jr:: ~. ..... ....
~

• ~<.:J_-< .- --:".-... -. - --. ." .\ ,
\ "-" ,, ,, ", ,

....... ........ ....... Si
...................... SS .....

". , ,
.. ~::

'.'.

.'\;.<1
• ',t>.. :: ..

.' .... ,'. .. . ....

$, /
/

/
/

/
~ .~/'

"" ....._--~- -_.-.-.- .....

d
I

~ /
-:......~ /

/

~/

i;
I d,

I "I' ,
l " ,

........... -2.1

., .'.', .' .. '

61°
22,S'

~

~

Sedimentary boundary

Thrust boundary, zone of strong differential movcment
Ol' structural discordance

..

-'-/' Major fault

.... Inferred boundary

Boundary of subarea. The number indicates a diagram
corrcsponding to the subarea .,

, .

4 45 Cleavage

A )I Foliation in homogeneous gneisses. Dipping and vertical
85

_ Area shown in fig 62

· .· .".·~

$ ~
o-..... .

O-if
.,,'.., .,.,

d
b

O-lf
c/ c!efJ.

Shear zone in the pillow lavas

Strike and dip of bedding planes and banding
in gneisses. Dipping and vertical

.f'30 Orientati?n and pi unge of fold axis
/:{/ /

;/~ / Tr~nd of gneiss structures
/ / .

,,< ;/.
40

48°

Trykt ved Geodætisk Institut 1972



G E u s
MEDDR GRØNLAND BD. 185 NR. l (E. BONDESEl'o.')

I II III IV v
Report File no.

22238

Enclosure (4/4)

PLATE 14

Scattered

Fine-grained grey quartzite in IO
cm sheets interbedded with coar­
ser leveIs as marked. At base me­
dium-grained grey quartzite with
pebble lens over current bedded
level. Slumping in finer material.

Fine-banded dark to grey silty to
medium-grained quartzite.

Fine banded silty to fine-grained
scbistose quartzitcs with locaJ
slumps and small scale current
bedding in laminae of 1-2 cm. A
few carbonate bearing beds. Rip­
pIe marks comrnon, sun craks ob­
served.

Coarse quartzite with caroonates
and pebbles on top of fine-grain­
ed slumped quartzite.

Medium-grained light grey quartzite in O-IO cm irre­
gular sheets. Fine pebble layer wedging towards east.

Reddish brown semipelitie varved shale.
RustYdolomite.

Magnetite "black sand" quartzite.

Dark brown to reddish brown varved shales.

Gneiss with smalI dolomite veins.

Yellow dolomite with angular quartz grain•.
Conglomerate of carbonatized gneiss pebbles, badly
sorted with a few ·boulders.
Carbonatized gneiss with dolomite veins and lenses or
dense quartzite. (chert-quartzite).

Dolomite veins in partly carbonatized gneis•.

Tectonised tale - quartzite schist with quartz veins and
pyrite.

Yellow and tan dolomite, locally banded.

Banded magnetite ore with platy robbies.

Ore-conglome<ate with magnetite rich matrix and
cobbles.

Graded pebble - coarse quartzite conglomerate.

Graded pebble conglomerate.

Medium-grained light quartzite ,,~th small graded
pebble conglomerates.
rebble eonglomerate grading to fine-grained light
quartzite with slumping.
Medium-grained light grey quartzite with few isolated
robbies.
Three conglomerate grading from pebbles to coarse­
grained quartzite. A few cobbles.
Conglomerate grading from pebb.les to coarse-grained
quartzite and medium-grained light quartzite.
Three small conglomerates with pebbles and light grey
quartzite.
Dark grey coarse grained quartzite.
Cobbles in rusty quartzitic matrix.

Slumping.

Current bedding.

Slumping.

Black medium-grained banded quartzite (bands 3-5.
cm).

RippIe marks.
RustY carbonate bed.
Fine-banded dark quartzitic shaIes.
Rippie marks.
Tectonised carbonate bearing bed.

Banded grey mediurn-grained quartzite.
slumping. Laminae of 3-5 C~

Coarse-grained quartzite in lenses with pebbles.

Laminae l cm.
RustYcarbonate quartzite, schistose.
Slumping.

Slumping.

Black fine-grained banded quartzite.

Banded yelIow dolomite.

White medium- to roarse-gr..ined quartzite with wavy
upper surface and vagne current bedding.

Scbistosed quartzitic shaJes in 0,5-l cm laminae.
Banded grey rusty quartzitic shale with four light layen
with wavy upper surfaces.
Light quartzite with wavy upper surlace, fingering
towards north each finger with wavy upper surface.
Grey medium-grained banded quartzite.
Light coarse-grained quartzite with wavy upper sur­
face.
Banded grey medium-grained quartzite.
RippIe marks.
Light homogeneous medium- to coarse-grained quartz­
ite bed with wavy upper surface.
Rippie marks. Fine banded medium-grained

=:!''''''~=I''"-Ripplemarks. quartzitic shales in shæts of 0,5-

,~~~~tSuncracks. 2 cm. Fine laminae of silt or peli-
~ tic maetrial. Numerous sedimen-

tary structures, mainly rippIe
\. marks, and in one case sun craks.

Schistose (tectonised?) medium-grained dark quartzlte
with lamiIue of more coarse materia! including car­
bonate•.

Slumping.
Marked slump horizon in fine silty to fine-grained
quartzite. an top 40 cm coarse grained quartzite. At
base dark quartzitic shale.

Slumping. Fine-grained quartzite.
.... RippIe marks.

1l~~~~~ Medium-grained light quartzite in l to 20 cm sheets.

~~~!I~Current bedding.
t:': Black quartzitic shale.

Coarse-grained bed on top of slumpe<! fine-grained

1=='--,,2::::," quartzite.
Fine-grained grey quartzite with lenses of coarse mate-
riaJ including pebbles.!'\Slumping.
Fine banded medium-grained and silty quartzite, top

~~~i~r\-~i~P;,d.--:--~----_··-------~---~~-----

~ Fine banded medium-grained and silty q;"artzite,

l
i!~~t~stronglYslumped.Coarse level.

rebble level.
Slumping.

Fine-grained grey quartzitic shaJe in bands of 1-2 cm,
occasiona! more coarse-grained beds.

Fine-grained grey banded quartzite with medium­
grained light beds with wavy upper surface.

Slumped fine to silty beds.

Banded fine.grained grey qUartzltlC shaJe, in places
silty. Band. and sheets 2-10 cm. A few coarser current
bedded units.

Slumping. Fine-grained or silty quartzite in bands of
1-2 cm.
Slumping. Light fine-grained quartzite in 5-10 cm
sheets.
Slumping.
Light homogeneous quartzite grading from medium­
to fine-grained.

Schistose dark quartzite with 1-2 cm banding.

Light coarse hed with wavy'upper surface.

Banded yelIow dolomite.

Dark fine- to coarse-grained quartzite in beds of 2-15
cm. Loca!Jy current bedded.

YelIowish schistose dolomite.

"Black sand" magnetite quartzite.

Light medium-grained current bedded quartzite with
isolated pebbles and two .malI conglomerate beds.

Brown pelitic varved shale.

Fine grained light quartzite with current bedding and
a number of 10-20 cm thick conglomerate bed. (badly
exposed).

Blackish brown varved pelitic to semipelitic shale.

Fine-grained light quartzite in sheets of 20 cm. At
base two pebble conglomerates of which the upper is
graded.

Red psammitic shale.

Carbonatized gneiss with dolomite veins conformable
to the bedding of the sediment.. .............

Light medium-grained quartzite in sheets of 5 cm.
Some 25 cm coarser layen.

RustYcrumbling gneiss with dolomite veins.

Fine-grained light cw-rent bedded quartzite.

Coarse quart,ite with irregular surlaces.

Isolated cobbles.

Conglomerate with cobbles and few boulders. Matrix
coarse quartzite grading downwards to ore (magnetite)
matrix with same quartz grains.

~
Ore-conglomerate with robbles and pebbles. Coarse
matrix dominated by magnetite.

Altemating light fine-grained quartzite (in places sil­
ty) and beds of pebble conglomerates with sharp base
and top. No grading.

=

Scbistose grey quartzite with 3-5 cm lighter coarser
beds.
Light coarse-grained quartzite with wavy upper sur­
face.
Light coarse-grained quartzite with vague current bed­
ding and wavy upper surface.

~
IIEI!~.Grey medium-grained quartzite in sheeU or bands of

5-10 cm. In between dark schistose material.
RippIe marh Quartzitic shaJe in bands of 1-2 cm.
Light fine-graincd quartzite in beds of 5 cm thickness
and a few coarser bands.
Light quartzitic shale.

RippIe marks.

Dark brown pclitic varved shale.

Tectonised quartzitic taJc sebist with large idiomorphic
pyrites.
HomogeneOtlS white to tan dolomite.
Clastic earbonatized rock with angular quartz grams.

~~g~;JjCarbonatizedbadly sorted pebble conglomerate.
Dense rusty quartzitic lenses (f1int-quartzite).

~
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T ectonized?
Coarse pebble quartzite, a few cobbles.
Sheet of medium-grained current bedded quartzite.
Schistose quartzite.

Coarse-grained quartzite conglomerate graded from 20
cm boulders at base to cobbles and pebbles at top.
Dark silty sehi.tose quartzite.
Conglomerates with cobbles and pebbles of quartzite
and black shale.

Light grey fine- to mediurn-grained quartzite in lamina
of 2-5 cm or less. Two light quartzite beds with wavy
upper surface.

Medium-grained light quartzite with interbedded fine
to silty quartzite in thin laminae.

Banded quartzite (2-3 cm bands) with light cOars<­
graincd sheets with wavy upper surface.

Light medium-grained banded quartzite in sheets of
30-50 cm thickness. Some sheets ligther and more
coarse-grained with wavy upper surlace.

Light grey medium-graine<l quartzite in bands or beds
of 30-50 cm thickness.

Grey fine-grained quartzite in 2-5 cm bands.

- --­.... .
-..=--- -=

----

---~--

Dark fine-grained and silty fine banded quartzite.
.CQIlg]Qm<:rate w.edge.with wbbles and bouldcrs thin­
rung over 25 m from 4 m til 25 cm.

i~l~il' Ore-conglomerate with boulders and cobbles. At top
coarse quartzitie matrix. At base coarse matrix of ore
(magnetite) and quartzite.

""Psammitic Ore bearing shaJe.

~
Reddish brown very pelitic varved shaJe.

'"Banded dolomite, locaJly with angular quartz grains.

~~~~~... Conglomerate of carbonatized gneiss pebbles, badly

sort"

Carbonatized gneiss with dolomite vems.

10

20 - -=

Homogeneous gneiss with a few pegrnatites.

FORMATION

2
I

YelIow fine banded dolomite shale. 1111111;R;e~d;d;is;h;b;ro;w;n~d;O~lo~rru~'t~e;~~~~:~~;;~~~_~~II-------------O . O
t=::= Light quartzite in J...-25 cm sheets, a few pelitic beds in Grey coarse- to medium-graine<l quartzite in beds of

I~~~~~:Lbetwæn. 10-30 cm thickness, often current bedded. A few 1/2
F. Coarse-grained black quartzite with wavy upper sur- cm pelitic !ayers.

face.
Schistose quartzite in bands of 1-2 cm, a few coarse­
grained bands of 5 cm thickness.
Fine-grained quartzite, in a few horizons coarse-grain­
ed, in othen; silty with vagne slump structures.

Schistose quartzite.
Thin bedded quartzite with rippie marks, more fine­
graincd horizons slurnped.

Coarse-grained black quartzite in 20 cm sheets.
Light fine-grained quartzite sheet.
Black thin bedded quartzite.
Conglomerate with fine-grained banded matrix, rusty

~~~~~I-\ boulclen from 20 cm to l ID.
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T!le profile ornamentation IS drawn to illustrate t!le jield appearence
of the rocks.

The hase ol the dolomite shales served as a reference leve/o

All pehbles and cohhles ahove varved shales are ol quartdte if not
otherwise indicated.

FIVE PROFILES

ZIGZAGLAND

HomogeneOllS gneiss, white ar pink.

Homogeneous gneiss, the upper 1/2 m greyish black ­
the rest vellowi5h.

YelIow fine banded dolomit".

Medium-grained grey' quartzite in sheeU of J...-20 cm..
In the upper part fine-grained white quartzite sheets
with wavy upper surlaces.

9
I

~ Profile measured.

1fIIIIIII!Large dykcs.

--- Faults.

4~ ~;~se:~~b;;:i~heo~rclil~~rs
Higher stratigraphic members of
the Vallen and Sortis groups.

TRE

Profile I :8.6 m
II:14.6m

III: 72.1 m
IV:98.4m
V:JlI.1m

1i~~~~F=Schistose quartzite.F Silty quartzite, slumpe<!.
Coarse-grained white quartzite.
Slumped fine-grained quartzite with {ra~entsol car­
bonate rocks.
Banded fine-grained schistose quartzite.
Fine grey quartzite in J...-1O cm sheets. - .
Conglomerate w;th large boulden; (1 m) in fine black
bandcd quartzite.

oars.e-grained arkose with few cobbles of gneiss.
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