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Abstract

The stratigraphy of the Ketilidian rocks of the Midternæs area is described
and an account given of the various structures which deform them. Correlations
between the Midternæs area and the Ketilidian type area of Grænseland, situated
immediately south of Midternæs, are made on group and formation level; the Vallen
Group and Sortis Group and their respective formations are each recognised. Lateral
variations within the Sortis Group are described and a new formation not exposed
in the type area is established. The total thickness of the Ketilidian strata exposed
is about 5000 m.

The early deposits of the mainly sedimentary Vallen Group were laid down
in restricted basins and are of variable rock type, thickness and distribution. Later
deposits were laid down in deeper water and are more uniform in character and have
a more widespread distribution.

The mainly volcanic Sortis Group comprises thick sequences of pillow lavas
of tholeiitic basalt composition intruded by numerous gabbroic sills derived probably
from the same parent magma. Pyroclastics and sediments occur at certain leveIs.
Felsic volcanic breccias suggest that a vent was situated at the southern extremity
of the Midternæs area.

A large-scale warping of the sub-Ketilidian surface may have preceded the
mesoscopic folding. F 1 folding produced isoclinal, recumbent structures and was
accompanied by low-angle thrusting. F 2 folding produced structures with NE
trending, steeply inclined axial planes and often an axial plane cleavage. The minor
F. folds are of littIe significance. Kink folds and conjugate folds occur in Ketilidian
and in pre-Ketilidian rocks and their development appears to have occurred under
stress conditions comparable to those which produced faults. The principal faults
are tear faults. A group of WNW faults have consistent sinistral displacements and
a group of faults trending between ENE and NNE consistent dextral displacements.

The chronology of the dykes which cut the Ketilidian rocks is briefly discussed.
Some WNW dykes may be late Ketilidian, but the major dyke swarm trending
between ENE and NNE is probably of Gardar age. It is considered that similar
stress conditions influenced both Gardar dyke intrusion and Gardar faulting.
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Fig. 1. keLch-map of outh Grccnland with the Midlernæs arca shown in black.

L INTRODUCTIO

l) General

~\1idternæs is situated about 75 km south-east of Frederik håb and
about llO km norLh of Ivigtut in South-West Greenland {Fig. 1). To
it, norLh Midternæ is bounded by the fjord Sermiligarssuk and the
glacier Sermiligårssuk Bræ and Lo its south by the fjord Sioralik and
the glacier Sioralik Bræ; the Inland lee forms the eas tern boundary
(Plate 1). The term 'Midternæs area' as employed in the Lext is taken
to inelude the nunataks whieh lie east and south-east of :Ylidlernæs.

The Midternæs area \Vas mapped betwoen 1964 and 1966 on a
seale of 1: 20,000 using topographical maps and vertieal aerial pho
tographs supplied by the GeodeLic Institute, Copenhagen. The Midter
næs area has a land area, including lakes, of about 360 km2 and ranges
in altitude from sea-level to 1787 m. The terrain i well expo ed but of
a very rugged naLure and parts of the area, particularly the eliITs "vhich
border many of the main glaciers, are difficuH of access. Some outlying
small nunataks andLhe high eastern parts of una qemertoq were map
pod on helicopter reconnaissanee flights.

Tho only previous investigations of l\1idternæs have been by geol
ogists of GG U {Grønlands Geologiske ndersøgelse: Geological Survey
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of Greenland) and these were largely restricted to the western peninsula.
A brief review of their observations is given on p. 9.

2) Outline of regional geology

The geological development of South-West Greenland has been the
object of extensive research by GGU geologists since the inception of
systematic mapping in 1956. The nomenclature is based on WEGMANN'S
work (WEGMANN, 1938, 1939, 1948). A recent review of the general geol
ogy has been presented by ALLAART, BRIDGWATER and HENRIKSEN
(1969).

A geological sketch-map of the region between Neria and Kobber
minebugt is given in Fig. 2. An outline of the history of research leading
to the present chronological interpretation of this region has been pre
sented by HIGGINS and BONDESEN (1966). The chronology of the region
is given in Table 1 which is adapted from a detailed scheme presented
by ALLAART et al., (1969).

A large part of the Ivigtut-Frederikshåb region consists of pre·
Ketilidian rocks: gneisses, amphibolites and locally greenschists and
gabbro-anorthosites. A pre-Ketilidian supracrustal sequence in the Ser
miligårssuk-Tårtoq-Midternæs area has been distinguished as the Tartoq
Group (HIGGINS and BONDESEN, 1966). The pre-Ketilidian strata have
undergone migmatisation, metamorphism and repeated deformation in
pre-Ketilidian time (AYRTON, 1963; WEIDMANN, 1964; KALSBEEK, 1967).

Four main sets of basic metadolerite dykes each with a characteris
tic general trend transect the pre-Ketilidian basement gneisses of the
Ivigtut region (BONDESEN and HENRIKSEN, 1965) and three sets are
found north of Sermiligårssuk (JENSEN, 1966). Each set may consist of
more than one generation of dykes intruded in the same direction. Their
grade of metamorphism increases as they are traced from north to south
into the Ketilidian mobile belt; the dykes are almost non-metamor
phosed in the Frederikshåb area. It has not proved possibIe in the
field to demonstrate their relationship to Ketilidian strata (WINDLEY
et al., 1966). Comparison between the chemical compositions of the
metadolerites and Ketilidian metavolcanics (HENRIKSEN, 1969) shows
that they are slightly different, and it is concluded that the metadoleri
tes and metavolcanics cannot have been derived at the same time from
the same source. The dykes are ascribed by HENRIKSEN to the pre
Ketilidian. The age-date obtained by J 0RGENSEN (1968) in the contact
altered gneiss at the border of a fresh example of one of the dykes sug
gests a very late pre-Ketilidian or early Ketilidian age.

The Ketilidian rocks which outcrop in most of the Midternæs area
are the principal concern of this paper. They form part of a belt af
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Fig. 2. Geological skelch-map oI lhe arca between KobbcrJTIinebugt and l'\cria.

Ketilidian supracrustal rocks which may be traced sou Lhwards from
Midternæs through Grænseland, and [!'Om south of AI'suk Bræ to Qornoq
and Qipisarqo; further outcrops of Ketilidian rocks occur on Arsuk ø
and along the south coast of Sanerut (Fig. 2). On Mid Lernæ and in
Grænseland the KeLilidian rocks re t unconformably on pre- 1. eLilidian
gneisses and schists, but elsewhere the j unotion is ob cured by shearing,
graniLisation and migmati ation (WIr'DLEY et al., 1966).

Sauth af the area shawn in Fig. 2 inclusions af metasediments,
same af willch may be derived from Ketilidian supracrustals, are faund
in the Julianehåb granite. Thick well preserved sediments and valcanics
also assigned to the KeLilidian are found in the Ta ermiut fjord region
about 225 km souLh-east of Midlernæs (WEG~IANN, 1938; ESCHER, 1966).
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Table 1. Chronology of the ]l,Iigtut region

TIME I MAJOR EVENTS
ISOTOPIC

AGE (m.y.)

Carbonatite lamprophyre dykes

Coast-parallel olivine tholeiitic dykes

16~

ca. 1200
Faulting
Major NE-trending basic dyke swarms
Alkaline intrusions

~
<
Cl
~

<
" -1---------------------1------
? WNW and NW-trending dykes

Rapakivi granites

Plutonic reactivation of earlier
structures and granites

1500-16~0

Minor basic dykes

Folding, thrusting, faulting,
metamorphism, migmatisation,
formation of granites

1700-1750

(?) Ilordleq Group - volcanics
Qipisarqo Group - sediments
Sortis Group - mainly volcanics
Vallen Group - sediments

? Basic dykes - ~ major generations

Folding, metamorphism, migmatisation,
granitisation

Volcanics with some sediments (Tartoq Group)

Older (?) basement (parts of regional gneisses)
2500-2700

The excellent exposures of the Ketilidian sequence in Grænseland
led to its selection as a new type area. BONDESEN'S divisions and sub
divisions of the Ketilidian of Grænseland have been outlined by BEH

THELSEN and NOE-NYGAAHD (1965) and presented in detail by BONDE

SEN (1962, and in press).
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In the southern part of the Ivigtut region (Fig. 2) and farther
south there occur many granitic bodies emplaced during the main
Ketilidian and Sanerutian plutonic episodes (Table 1). These two
plutonic episodes are regarded as successive phases in the development
of the Ketilidian mobile belt (BRIDGWATER and WALTON, 1964; ALLAART
et al., 1969).

Swarms of E- to NE-trending basic dykes and a few alkaline in
trusions are the only representatives of the Gardar period in the Ivigtut
region, but erratic sandstone boulders resembling the Igaliko sandstone
of the Julianehåb district are common in the moraines bordering the
Inland lee south of Sioralik Bræ (BoNDEsEN, in press).

The only Phanerozoic rocks found in South-West Greenland, apart
from Quaternary glacial deposits, are a swarm of coast-parallel trap
diabase (TD) dykes and a few carbonatite lamprophyre dykes which
are of Mesozoic age (WALTON, 1966).

3) Previous geological investigations of Midternæs

Reconnaissance work by GGU geologists in 1954 and 1955 revealed
the presence of areas of greenschists on both sides of Sermiligårssuk and
on Midternæs. MICHEELSEN (1955) noted from observations from the
north side of Sermiligårssuk Bræ and from the air that there appeared
to be a thrust plane in Midternæs dipping at 100 to 150 towards the E
or ENE. He observed that the greenstones overlying this plane (the
Ketilidian rocks of this paper) appeared to be more homogeneous than
those underlying the plane (the Tartoq Group schists).

On a provisional sketch map in the GGU archive drawn by A. BER
THELSEN from observations made in 1957 and 1958, Ketilidian supra
crustal rocks are recognised over a large part of Midternæs and are
broadly divided into two groups. Except in northern west Midternæs
where parts of the Tartoq Group schists are included in the Ketilidian,
the basic interpretation has been verified by the present work.

Apart from a small area of extreme west Midternæs mapped by
BERTHELsEN in 1954 the only detailed mapping prior to the present
work was that of OEN ING SOEN in 1960. OEN mapped the west peninsula
of Midternæs and areas north and south of Birkesø. OEN'S observations
are recorded on manuscript maps, in diaries and an unpublished report
(OEN ING SOEN, 1960), all in the GGU archives. OEN recognised the
presence of many sedimentary rock types in the relatively small area
of Ketilidian rocks which he mapped and correctly regarded the mas
sive greenstones comprising much of Midternæs as representing pillow
lavas and fine-grained sills. He made many structural observations and
recognised refolding in the sediments. A sharp contact was noted between
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a massive greenstone-slate series (the Ketilidian), and underlying dis
harmoniously folded greenschists (the Tartoq Group) and gneisses. This
contact (the Ketilidian unconformity) was initially considered by GEN
(1960) to be a gneissification front, but he has subsequently revised this
interpretation (personal communication, 1966).

The preliminary results of the recent mapping by the author which
led to the distinction between pre-Ketilidian and Ketilidian supra
crustal rocks separated by an unconformity and consequent modification
of the regional chronology have been presented in HIGGINS and BONDE
SEN (1966). An outline of the geology of Midternæs is given below.

4) Outline of Midternæs geology

Pre-Ketilidian rocks outcrop on Midternæs west of Birkesø and in
a narrow strip along the northern border of Midternæs. They consist
mainly of banded biotite and hornblende gneisses, rather homogeneous
quartz gneiss, and two zones of the Tartoq Group hornblende-chlorite
biotite schists (HIGGlNS and BONDESEN, 1966), The southern half of
Nuna qaqortoq just to the north of Midternæs is also composed of
Tartoq Group schists which exhibit deformed pillow structures in some
areas and possible blastophitic textures in others (HIGGINS, 1968).

Metadolerite dykes are uncommon in Midternæs. None have been
observed in the vicinity of the Ketilidian unconformity, and it is not
therefore possible to demonstrate their age relative to the Ketilidian
strata.

The Ketilidian rocks of Midternæs rest unconformably on the pre
Ketilidian gneisses and on Tartoq Group schists. The unconformity is
for the most part autochthonous but has been modified locally by minor
thrusting and folding. The stratigraphy of the Midternæs Ketilidian
rocks and the structures that deform them are described in this paper.

A complex dyke chronology mainly of presumed Gardar age is
briefly outlined at the close of the stratigraphy section. Some WNW
and NW-trending dykes which post-date Ketilidian deformation but pre
date the main Gardar swarms may be of late-Ketilidian age. The coast
parallel swarm of Mesozoic dykes (TDs) cross Sermiligårssuk just west
of Midternæs.

The geomorphology of Midternæs reflects the extensive Pleistocene
to Recent glaciations. The glaciological features of the area are not
described here, but the principal morainie deposits are shown on the
geological map (Plate 5).



II. STRATIGRAPHY

1) General

The Ketilidian strata of Midternæs are the northward extension
of the strata of the new Ketilidian type area of Grænseland (BONDESEN,
in press). They are the northernmost outcrops of Ketilidian rocks in
the Ivigtut-Frederikshåb region.

The western and northern limits of the Ketilidian strata on Midter
næs are defined by the unconformity with the pre-Ketilidian basement.
The regional dip of the Ketilidian rocks is towards the east-north-east
in west Midternæs and southwards in north Midternæs, but there are
considerable local variations in dip caused by Ketilidian deformation.

The stratigraphy has been established on the basis of lithostrati
graphical divisions, and locally well-preserved fossils have proved to
be of limited use (PEDERSEN, 1966, 1968). BONDESEN (1962, and in press)
has divided the Ketilidian rocks of Grænseland into a lower mainly
sedimentary group (the Vallen Group) and an upper mainly volcanic
group (the Sortis Group); both these groups and their subdivisions ean
be clearly distinguished in south-west Midternæs which is separated
from Grænseland by the 2 km wide Sioralik Bræ. In other parts of
Midternæs BONDESEN'S subdivisions are employed where this is compat
ibIe with the original definitions, but lateral lithological changes have
made it necessary to modify his terminology in central and northern
Midternæs.

A summary of the Ketilidian stratigraphy of Midternæs is given
in Table 2. The group and formation terminology is after Bondesen
except that a new formation of the Sortis Group, the Qernertoq Forma
tion, has been established for a volcanic sequence on Nuna qernertoq
which is not represented in Grænseland. The Perledal Volcanic Complex
is the lateral equivalent of part of the Rendesten Formation in northern
Midternæs. For the purposes of the detailed stratigraphical descriptions
the Zigzagland Formation and the Blåis Formation have been divided
into members. The names given to these members in Midternæs differ
from those used in the type area and they are regarded as of only local
application, but many of them are roughly equivalent to members
distinguished in the type area. The members are designated according
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Table 2. Ketilidian stratigraphy af Midternæs

----,----------:------------- Top unexposed

QERNERTOQ
FORMATION

Undivided sequence - very thick pillow lava succes
sion and several important sills

(at least 2200 m)

+
a
o
o
00

~

RENDESTEN Undivided sequence
FORMATION

- banded siltstones, shales,
cherts, impure dolomites, thick
pyrocIastics and many thick
sills

FOSELV
FORMATION

GRÆNSES ø Shale Member
FORMATION

----------------
Perledal Volcanic Complex - pillow lava flows in northern I

Midternæs interbedded with I
--------~~@~~~~~~I

(totals 1100 to 2400 m)

Undivided sequence - mainly thick piIIow lava flows,
a few sedimentary bands and
several sills

(100 to ca. 900 m)

---+-------+------------ Thrust contact locaIly--

- incIudes pyritic shales (up to
120 m)

Undivided sequence - massive siItstones, shales, arkose
lenses, greywackes, a thin gra
phite shale and several thin
dolomites

(50 to ca. 700 m)

Dolomite Member - dolomites and peIitic shales
(10 to 70 m)

-----------1

(~iI~a~sever~le.:el~(u~t~30~m~1
Pelite Member - black pelitic shales (O to 50 m)

BLÅrs
FORMATION

ZIGZAGLAND
FORMATION

+
a
o
lf?

'"o...,

Calcareous Member - finely banded calcareous and
dolomitic shales (up to 35 m)

Sandstone Member - feldspathic sandstones and
orthoquartzites (1 to 100 m)

Conglomerate Member - ore-bearing matrix (O to 4 m)

----'---------'---------- Unconformity-minor shearing --

to their characteristic lithology in the absence of suitable geographical
names. The outcrop pattern of the groups and formations of Midternæs
and Grænseland is shown in Plate 4.
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2) The Vallen Group

The sediments of the Vallen Group rest unconformably on pre
Ketilidian gneisses (Fig. 4), and north of Birkesø on steeply inclined
schists of the Tartoq Group (Fig. 3). The general autochthonous nature
of the unconformity is modified locally by folding and minor shearing.
The level at which volcanic effusives first appear has been defined by
BONDESEN (in press) as the upper boundary of the Vallen Group and the
lower boundary of the Sortis Group; on Midternæs this level is in some
areas the site of a major thrust.

The Vallen Group outcrops in north and west Midternæs as a nar
row strip of dark rocks of a dominantly shaly aspect. The minimum
thickness of the Vallen Group is about 120 m in northern west Midternæs
and the maximum about 750 m in north Midternæs. In west Midternæs
the succession can be equated with that of Grænseland, and the Zigzag
land, Blåis and Grænsesø Formations can be recognised; in north Midter
næs only the Blåis and Grænsesø Formations are c1early represented.

Of the organic remnants found in the Vallen Group, most occur in
the Lower Zigzagland Formation of central Grænseland (PEDERSEN,
1966, 1968); this part of the formation is not known in Midternæs. One
of the best preserved of the fossils, a globular structure known as Val
lenia, has been recorded in the Grænsesø Formation at five separate
localities in Midternæs and Grænseland (BONDESEN, PEDERSEN and
JØRGENSEN, 1967; PEDERSEN, 1968).

A sill has been noted by BONDESEN (1962, and in press) as a persist
ent feature in the Grænsesø Formation. In Midternæs a sill occurs only
locally at the same level, and several thin sills are found at various other
levels in the Vallen Group.

In Plate 3 are presented schematic cross-sections, drawn parallel to
the strike, of which two show the principal variations in thickness and
lithology of the Vallen Group. Comparative profiles of the succession at
four different localities are given in Fig. 6. Descriptions of the stratigraph
icaI variations within the three formations of the Vallen Group are given
below.

The degree of metamorphism exhibited by the Ketilidian sediments
and igneous rocks is so low in Midternæs that they may be described and
c1assified as non-metamorphic rocks. The c1assification of the sedimentary
rocks in this paper follows the usage of PETTIJOHN (1957).

3) The Zigzagland Formation

In west Midternæs the rocks of the Zigzagland Formation can con
veniently be divided into three members: a Conglomerate Member, a
Sandstone Member and a Calcareous Member. These members have ap-
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Fig. 3. Well bedded feldspathic and lone sequence passing downwards jnto a 4 m
non-bedded congJomerate which re ts unconformabJy on steeply inclined Tartoq
GI'OUp schists. ·orthern west MidteJ'Oæs. The po ilion of th unconformity sUl'face

is indicated by tho white arrows.

proximate counterparts in the Upper Zigzagland Formation of Grænse
land. The Lower Zigzagland Formation is not represented in north
Grænseland Ol' in Midternæs and the base of the Ketilidian succession
is in these areas formed by the Conglomerate Member Ol' the Sandstone
Member. StraLigraphical details are given below (see al o Plate 3).

Tlle Conglomcrate llIembel' in wcst l\1idternæs

The Conglomerate Member is found in Midternæs only north of
Birkesø between a point on 1,he north edge of 1,he plateau and Sermi
ligarssuk Bræ. In it traceable ou1,crop of abou1, 1 km i1, has a ma.'{imum
thickness of only 4 m and it ofLen has a red-brown surface discoloura
tion caused probably by the oxidation of an appreciable ore content in
the matrix.

The component pebble of the conglomerate are mainly of quart
zi1,ic compo ition; a few foliated gneiss pebble and several small black
amphibolite pebbles have also been noted. The pebbles are mainly less
than 15 cm in diameter, but the largest cxample observed measured
40 cm by 7 cm in cross-scc1,ion. The pebbles are not well sorted and are
generally poorly rounded. The conglomerale i not bedded except to-



II Thc KcLilidian rocks oI 'lid LeJ'næs 15

Fig. l .. Massive orthoquarLziLes resting unconIormably on dark hOl'nblendic gneisses
and pegmaliles. SouLhcrn west Midternæ·.

wards thc top where it pa ses upwards into thewell bedded Sandstone
Member (Figs. 3 and 5). The conglomerate rests on an uneven urface
of Tartoq Group greenschi ts. Rolled magnetite gl'ains occur in the
matrix sometimes in su rficient quantity to attract a magnet.

'Ihe and tone 1emller in west lUidternæ
The paIe grey to white andstones of the Sandstone 1emher are

the dominant rock type of the Zigzagland Formation. They reach their
maximum thickness of over 100 m on the plateau west of Akuliarutsip
timilerssue where they rest directlyon a peneplained gneiss surface
(Fig. 4) and the sandstones at the base appeal' locally to fill in smal!
irregularities on the plane of unconformity. There is nowhere any con
spicuous discolouration of the gneiss surface. orth of Birkesø the Sand
stone :Member rests partly on peneplained Tartoq Group schists and
partly on the thin Conglomel'ate Member.

The thick sandstone equence west of AkuliaruLsip timilerssue is
massive, well hedded and rather uniform. Cross-hedding is fairly com
mon and slump structures and pOOl' examples af graded hedding have
been nated. The sandstane decreases in thickness fairly rapidly towards
the narth to abaut 15 to 25 m, and maintains this thickness as far as
Birkesø.



16 A. IC HIGGIi\"s II

Fig. 5. Grad d sand ·tone sequence deformed by F 2 fold and displaying a vCI'Lical
F. axial plane cJeavage. ~orthern wesL MidLemæs adjacent to 'ermiligårs uk Bræ,

In eomposiLion the sandstones to the souLh of Bjrkosø ean mainly
ho c1assified as feldspaLhie sandstones with some orLhoquartzites, partic
ularly neal' Lhe ha e; a few samples from the upper part of the sequenee
are hest ela ·sified as feldspathie gl'eywaekes (PETTIJOHX, 1957 p.291).
The grain size varjes from fine sand to vel'y eoarso sand, and in shape
most grains are suhangular to suhrounded \ hel'e they have not heen
modifled hy deformation Ol' recrystallization.

To the nOI,th of Birkesø the Sandslone Member is ahout 22 m thick
at the south edge of the plateau and ean isL of mas ively hedded and
thinly hedded feldspathie sandstones. TI'aeed northwards the e thin
abruptly against a small fault and across the central part of tho plateau
are not more Lhan 3 rn thick. At the north edge of the plateau there is
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a gradual increase in thickness and about 27 to 30 m of graded bedded
sandstones occur at the edge of Sermiligårssuk Bræ.

While they are in part similar in character to the sandstone se
quence south of Birkesø, the sandstones which outcrop near Sermi
ligarssuk Bræ are characterised throughout by exceptionally good ex
amples of graded bedding. In the lower part of the sequence the bottoms
of the graded beds are very coarse sand or may be conglomeratic, and
the tops of the beds are of fine sand. Righer in the sequence the graded
beds are commonly medium sand at their bases and silty or shaly at
their tops. The silt or shale layers are usually preferentially weathered
(Fig. 5). The individual graded beds are most commonly 5 to 20 cm
thick with occasional examples up to 70 cm thick. In composition the
rocks are mainly feldspathic sandstones, and in shape the sand grains
are rounded to well rounded.

The Calcareous Member in west Midternæs

Throughout west Midternæs the Sandstone Member is succeeded by
sediments with a high carbonate content which have a characteristic
colour varying from grey-white, to paIe yellow, paIe orange-brown or
pinkish brown. The carbonate-rich rocks which comprise the Calcareous
Member have a somewhat variable lithology but their boundaries with
the Sandstone Member below and the Blåis Formation above are fairly
easily delimited.

South of Akuliarutsip timilerssue the Calcareous Member is in
tensely deformed but the least deformed outcrops suggest the thickness
was originally in the order of 30 to 35 m. The member consists here of
finely banded dolomitic and calcareous siltstones and shales with thin
dolomite layers, and a few interbedded layers of dark grey and paIe
silver-grey siltstones and shales. The banded siltstones exhibit a rhyth
mie layering; individuallayers are from 0.1 mm to 1 cm thick generally,
rarely reaching 3 cm in thickness (Fig. 28).

Midway between Sioralik Bræ and Birkesø the member consists of
about 25 m of thinly bedded calcareous siltstones. These grade towards
the north into a similar thickness of calcareous siltstone and calcareous
coarse sandstone. The grains of this sandstone are subrounded in shape,
up to 7 mm in diameter and occur in graded beds in a carbonate matrix.

At the south edge of the plateau north of Birkesø about 10 m of
carbonate-rich siltstone and graded bedded sandstone represent the
Calcareous Member. In common with the Sandstone Member the Cal
careous Member is very thin over the central part of the plateau; at the
north edge of the plateau about 5 m of silty dolomite and dolomitic shales
were recorded. These probably continue as far as Sermiligårssuk Bræ
but are hidden beneath shaly screes derived from the Blåis Formation.

189 2
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North ~lidternæs

The Zigzagland Formation does not exhibit its characteristic devel
opment in north Midternæs. The only rocks which might represent this
Formation are a few thin calcareous arkoses at the base of the succession
in the western part of the Vallen Group outcrop, and a few quartzitic
bands in the central part of the outcrop. Most of the rocks near the base
of the succession in this area are siltstones and shales apparently forming
part of the Blåis Formation.

4) The Blåis Formation

The lower limit of the Blåis Formation is placed at the level at which
the paIe yellow or orange dolomitic siltstones and shales of the Calca
reous Member of the Zigzagland Formation give way to the grey massive
siltstones and shales which in Midternæs form the bulk of the Blåis
Formation. The upper limit of the Blåis Formation is placed at the base
of a black pelite, the lowest member of the Grænsesø Formation in
Midternæs and presumed equivalent to the carbonaceous pelites at about
this level in Grænseland. BONDESEN (1962, and in press) selected the
lower boundary of the Grænsesø Formation in Grænseland at the base
of the carbonaceous pelites to coincide with a structural discordance at
this level. In Midternæs there is a transitional boundary between the
Blåis and Grænsesø Formations, but a major thrust does occur in some
areas at the top of the Grænsesø Formation. Details of stratigraphical
variations in the Blåis Formation are given below.

West Midternæs
The Blåis Formation in west Midternæs varies in thickness from

more than 300 m in the southern part of the outcrop to about 50 m
north of Birkesø. The schematic cross-section (Plate 3) suggests that
marked changes in the thickness of the Blåis Formation take place in
the vicinity of two fault lines.

The variations in lithology of the Blåis Formation are not suffi
ciently distinctive to justify a subdivision into members, and minor
thrusts and isoc1inal recumbent folds in parts of the area also hinder
interpretation.

In southern west Midternæs the lowest part of the formation con
sists of massive, grey, banded siliceous siltstone; this unit thins
northwards and is not present north of Birkesø. The banding of these
rocks is often a very conspicuous feature and comprises alternations of
grey-white and dark grey layers 1 mm to 3 cm thick. Occasional layers
have a small carbonate content. In thin section many of these siltstones
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are revealed to have compositions which in coarser grained rocks would
classify them as feldspathic greywackes.

The remainder of the Blåis Formation in west Midternæs comprises
a varied sequence of dark grey shales, greywackes, occasional bands of
calcareous shale and dolomite, and a thin layer of graphite shale. Some
of these rock types are locally conspicuous.

Between Birkesø and Sioralik Bræ a few bands of dolomite locally
reach 2 m in thickness. Their yellow weathering colour contrasts with
the dark grey shales and siltstones and this has facilitated the tracing
of several recumbent fold structures.

North of Birkesø a paIe grey greywacke band from 1 m to 15 m
thick occurs in the central part of the Blåis Formation and can be traced
laterally for about 2 km. South of Birkesø several greywacke bands have
been mapped near the top of the Blåis Formation of which the most
important isa 20 m feldspathic greywacke sequence located south of
Akuliarutsip timilerssue. This greywacke is composed of quartz, feld
spar and rock fragments up to 2 cm in diameter; the rock fragments
are of grey shale or siltstone which may have been derived by contem
poraneous erosion of perhaps lower levels of the Blåis Formation. Parts
of the greywacke sequence are well bedded and good examples of wash
out structures have been observed.

North Midternæs

In north Midternæs the Blåis Formation varies from about 300 m
to about 750 m in thickness (Plate 3), but intense folding prevents
reliable estimations of thickness in some parts of the area. The Blåis
Formation rests either unconformably on the pre-Ketilidian gneisses or
upon a few metres of calcareous arkose or quartzite which may be the
only representatives in this area of the Zigzagland Formation. As in
west Midternæs laterallithological changes and a lack of distinctive rock
types hinder any useful subdivision into members.

In most parts of the area very massive siliceous siltstones occur
near the base of the formation. They have a paIe grey weathering colour
and are usually banded to some degree, though in some outcrops the
banding has the form of irregular white lenses and veins. RippIe marks
have been observed at a single locality. Thin shaly and calcareous layers
occur within the massive siltstones, and there is a gradual transition
upwards into more shaly sediments.

The Blåis Formation has an essentiaIly shaly aspect in most out
crops. Dark grey flaggy shales and black pelitic shales are common.
In some areas the monotonous nature of the sequence is broken by the
occurrence of thin bands of white, yellow and orange dolomites, bands
of calcareous shale, grey cherty rocks, arkoses and greywackes.

2*
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An arkose sequence of the order of 75 m thick outcrops on the lower
north-facing slopes of Palisaden in the central Blåis Formation. It is
traceable laterally for about 3.5 km but does not apparently extend
northwards beyond the line of a major NE fauIt. At the best exposures
in the eastern part of the outcrop the arkose sequence is seen to vary
in grain size from medium-grained in the lower and upper parts to very
coarse-grained in the central part which is also well bedded and exhibits
grading. Modal analyses of three specimens taken at three levels between
the base and central part of the arkose sequence show an increase in
quartz and decrease in feldspar percentages with increasing grain size;
the quartz/feldspar modal percentages for these three specimens are
40/52,53/39 and 65/24. There are no rock fragments apart from occasional
chert grains; small amounts of mica and ore occur and there is littIe
or no matrix. The feldspar is microcline and a littIe plagioclase and its
source is most probably the pre-Ketilidian gneisses. The arkose bears a
superficial resemblance to feldspathic greywackes found at a slightly
higher stratigraphical level in southern west Midternæs (Fig. 6 and
Plate 3).

5) The Grænsesø Formation

The Grænsesø Formation may be divided conveniently into a Pelite
Member, a Dolomite Member and a Shale Member; the division is
comparable to that made by BONDESEN (in press) in thetype area. The
Pelite Member forms the lowest part of the Grænsesø Formation and
is only well developed in west Midternæs where it contrasts with the
more flaggy shales and siltstones of the Blåis Formation below and the
conspicuous dolomites of the Dolomite Member above. The boundary
between the Grænsesø Formation and the overlying Sortis Group is
often a structural discordance and locally the Shale Member and the
Dolomite Member are cut out. Details of the lithological variations are
given below (see also Fig. 6 and Plate 3).

The Pelite Member
The Pelite Member is best exposed between Birkesø and Sioralik

Bræ where it consists of a uniform sequence of black pelitic shales about
40 to 50 m thick. Just south of Birkesø a thick sill has been intruded
at or near the base of the Pelite Member.

North of Birkesø, where the Vallen Group has its minimum de
velopment, the Pelite Member is not clearly discernibIe as the main
dolomites rest on a variegated sequence of grey semipelitic shales
which cannot be distinguished from the uppermost part of the Blåis
Formation.
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In north Midternæs the boundary between the Blåis and Grænsesø
Formations is transitional; it is not possibIe to distinguish pelites as a
distinet unit exeept loeally in the extreme western part of the outerop.

The Dolomite Member in west Midternæs
The Dolomite Member in southern west Midternæs eonsists of a

sequenee of five main dolomite bands with blaek pelitie shale bands
between them and has a total thiekness of about 70 m. The lowest and
thiekest of the dolomite bands measures 8 to 10 m. Traeed north-east
along their strike a marked diseordanee between the Dolomite Member
and the Sortis Group is seen south of the fault which follows the south
margin of the ridge Akuliarutsip timilerssue. North of this fault the
Dolomite Member is absent loeally.

The member reappears about 2 km south of Birkesø as a mainly
dolomite sequenee with thin bands of dark grey and purpIe shales and
some grey chert. It may be traeed continuously northwards to Birkesø,
and is well exposed in the cliffs north of Birkesø. Farther north on
the plateau the Dolomite Member has a total thiekness of between
25 and 60 m, and comprises prineipally dolomites with thin layers of
ealeareous shales, dark grey eherts and a few blaek graphitie and
pyritie shales.

The dolomites of west Midternæs vary in weathering eolour from
grey, to pale yellow or deep orange, but are all paIe grey on fresh surfaees.
Their eomposition varies to some degree although those few analysed
(Table 3) ean all be classed as ealeitie dolomites. BONDESEN gives similar
types of analyses for 9 samples of dolomites and dolomitie shales from
different stratigraphieallevels of the Ketilidian of Grænseland (BONDE
SEN, in press). All BONDESEN'S samples are dolomitic, but in PETTIJOHN'S
evaluation (1957, p. 417) 6 would be classified as ealeitie dolomites and
3 as dolomites. Both the Midternæs and Grænseland samples eontain an
important proportion of insoluble material, mainly siliea; from 8.40f0 to
47 Ofo was reeorded in the Grænseland samples.

Table 3. Analyses of Grænsesø Formation dolomites

GGD. Inso!. CaO MgO COa Ca as* Mg as*
No. % % % % CaCOa MgCOa

71242 ........... 10.9 29.2 16.1 38 52.0 33.6
71269 ........... 24.9 24.9 13.4 34 44.4 28.0
71380 ........... 18.5 26.0 14.7 41 46.4 30.8

Analyst : IB SØRENSEN. * Calculated.
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The grain size of the dolomites shows variation from compact fine
grained examples to medium-grained examples with a sugary texture.
Many of the dolomite bands are cut by a network of thin quartz veins
or calcite veins.

The Dolomite Member in north Midternæs

In the western part of the outcrop the Dolomite Member is composed
mainly of thick dolomite bands alternating with bands of purpIe shales
and occasional chert horizons. A main group of dolomites can usually
be recognised and thin dolomite bands occur at higher and lower leveIs.
Boundaries with the members above and below are transitional and the
limits of the Dolomite Member are somewhat arbitrary. At the base of
the main dolomites there occur several metres of dolomite breccia;
numerous angular fragments of paIe yellow dolomite are embedded in
a matrix of grey-yellow dolomite and small black chert grains. At a
higher level in the main dolomites dark grey chert occurs in lenses and
bands, some of which are arranged oblique to the bedding.

Traced towards the east the main dolomite sequence thins until it
is scarcely more prominent than some of the thin dolomite bands below
it in the Blåis Formation, and since the Pelite Member is not developed
in north Midternæs it is difficult to place a boundary between the Blåis
and Grænsesø Formations.

The main dolomite sequence thickens again eastwards and in the
area where it is displaced by a major NE fauIt and a very thick Gardar
dyke the Dolomite Member has its usual appearance of a sequence of
thick dolomite bands interbedded with shales.

The entire Dolomite Member wedges out abruptly at a point about
5 km west-north-west of Palisaden and for an outcrop distance of about
3 km is absent and was either not deposited or has been thrust out.
The member reappears abruptly on the lower north-west slopes of Pali
saden, immediately on the south side of a major NE fauIt, as a 70 m
sequence of dolomites interbedded with shales and black and grey
cherts. The member again thins eastwards and eventually wedges out,
perhaps due to non-deposition, or it may be that the thrust at the base
of the Sortis Group has here cut downwards into the succession.

The Dolomite Member north of Palisaden is of particular interest
in that a 1 m paIe yellow dolomite in the central part of the sequence
contains numerous smal1 spherical structures up to about 1 mm dia
meter of organic origin which have been given the name Vallenia (BON
DESEN et al., 1967). These fossils are found at four other localities in
dolomites of the Grænsesø Formation in Grænseland (PEDERSEN, 1966,
1968).
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Fig. 6. The Vallen GI'OUP sequence al various localilics in Midtel'næs.

lJ.'he Shale }lernber

The Sha]e Member omprises those sediments beLween the last map
pable dolomite which marks the top of thc Dolomite Y[ember and the
base of thc Sortis Group. It is not cCJ'tain that thc member is anywhere
completely represented; iL is often thin and in some al'eas abscnt due to
thrusting.

In southern west Midlernæs a few metres of dark shales al'e the
only representatives of the Shale 1ember. About 2 km south of Birkesø
it has a more val'ied development and includes cherty quarLzites, calca-
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reous shales, pelitic shales, and red-stained shales containing lenses and
nodules of pyrite. North of Birkesø up to 15 m of rather sheared shales
make up the Member.

The Shale Member is best developed in the western outcrops of
north Midternæs where it may be as much as 120 m thick. Here it com
prises a sequence of mainly semipelitic shales with a few thin calcareous
shale bands and very thin dolomite layers. Of particular note is the oc
currence of red-stained bands of pyritic shales at several leveIs. The
pyrite occurs concentrated in lenses and layers parallel to the bedding.
Thin talc-bearing shales were noted near the top of the sequence.

In other parts of north Midternæs the Shale Member is mainly
composed of grey semipelitic shales, occasional bands of massive flaggy
shales, a few thin calcareous bands and occasional rusty-coloured bands
of pyritic shales. North of Palisaden the member is largely cut out by
the thrust, but where present it includes black shales, pyrite-bearing
cherty bands and red-stained pyritic shales.

6) Petrography of representative Vallen Group rocks

Zigzagland Formation rocks

Oreconglomerate (71320). West Midternæs.

Collected from the base of the 4 m Conglomerate Member north of Birkesø.
The rock is composed of subrounded quartz pebbles up to 14 cm in length

and small quartz grains in a dark coloured silt matrix. In thin section the c1astic
quartz grains and pebbles comprise mosaies of several crystals which always exhibit
undulose extinction, but the angular to subrounded shapes of the original grains
are usually c1early marked. The matrix consists mainly of silt sized quartz grains,
disseminated fibres of chlorite and rounded grains of magnetite. With the exception
of the magnetite grains, which are often fractured with the fragments drawn apart
from each other, the matrix appears to be more or less recrystallised. The chlorite
has a tendency to occur in lenses of matted fibres surrounding the magnetite grains.

Orthoquartzite (71262). West Midternæs.

From near the base of the thick sandstone succession in southern west Midter
næs (Fig. 4).

The specimen is a grey-white quartzite with no apparent trace of bedding or
of the individual quartz grains. In thin section the rock is seen to be composed en
tirely of quartz with the exception of a few scattered sericite laths. The original
textures and grain boundaries are discernable but have been much modified by
shearing and partial recrystallisation. A mosaic of large quartz grains exhibiting
undulose extinction is present, but the grains have borders of, or are partly replaced
by, small crystals of unstrained quartz. Small sericite laths occur disseminated
throughout the slide and in a few instances outline the larger grains of quartz.

Feldspathic sandstone (71236). West Midternæs.

Collected near the base of the Sandstone Member about 2 km south of Birkesø.
The rock comprises large c1astic grains 3 mm to 5 mm in diameter set in a

whitish matrix. There is a poor parting parallel to the bedding. In thin section
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subrounded clastic grains of quartz (ca. 85-90 Ofo) and feldspar (ca. 5-10 Ofo of micro
line and oligoclase) are clearly defined but their shapes are slightly modified by
shearing and are elongate in section. The matrix comprises small clastic quartz and
feldspar grains in a meshwork of sericite, but there has been partial recrystallisation
of some of the quartz to form mosaics of unstrained grains.

Calcareous siltstone (71480). West Midternæs.

From the Calcareous Member in southern west Midternæs.
On fresh surfaces the rock exhibits a sequence of thin light and dark grey

layers which are cut by a fine secondary cleavage which is the primary plane of
fissility. In thin section the dark layers are of finer grain size (0.02 to 0.08 mm)
than the light layers (0.02 to 0.2 mm). The composition of both layers is the same
and consists of a mosaic of small carbonate grains (ca. 65 %), quartz (ca. 30 Ofo), a
very few feldspar grains and minute disseminated sericite laths. The texture
appears to be largely an original sedimentary one but there has been some recrystal
lisation.

Blåis Formation rocks

Flaggy siltstone (71493). West Midternæs.

A specimen from the massive flaggy sequence at the base of the Blåis Forma
tion in southern west Midternæs.

I t is a dark grey rock with a good parting parallel to the bedding. In thin sec
tion it comprises small grains of detrital quartz and alittle feldspar in a fine mesh
work of sericite laths. The bedding is accentuated by small amounts of carbonaceous
material. The grain size of the various components is mainly in the coarse silt frac
tion (about 0.01 to 0.06 mm) but a few large grains reach a size of about 0.2 mm.
The composition approximates to that of a greywacke.

Dark grey shale (71237). West Midternæs.

From the upper part of the Blåis Formation south of Birkeso.
A fine bedding lamination slightly distorted by small scale folding is visible

in the specimen and in the thin section. The bedding is accentuated by the align
ment of considerable amounts of carbonaceous material and microscopic chlorite
laths. Small grains of quartz of silt grain size occur scattered throughout the section.
A few laths of chlorite recrystallised parallel to the bedding occur in some parts of
the slide.

Feldspathic greywacke (71391). North Midternæs.

Collected from a greywacke band in a shaly sequence of the central Blåis
Formation in eastern north Midternæs.

The specimen is dark grey in colour and contains mainly glassy detrital grains
up to 3 mm in diameter. In thin section a mosaic of quartz and feldspar grains is
revealed, many of which preserve their original angular to subrounded outlines.
Sutured boundaries developed by recrystallisation or solution are apparent in some
parts of the slide. The feldspar (albite-oligoclase) which comprises about 20"10 of
the large grains is partly sericitised. The large grains are set in a matrix of small
detrital grains of quartz, microscopic sericite fibres and alittle carbonate.

Arkose (71400). North Midternæs.

A coarse-grained example from the thick arkose which outcrops on the north
slopes of Palisaden.
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It is composed of large grains of quartz (ca. 70°/0) and feldspar (ca. 25°/0) up
to 6 mm in diameter many of which have subrounded shapes; some of the feldspars
have rectangular Ol' lath shaped sections. In thin section the feldspar is seen to be
mainly rather altered microcline. Both quartz and feldspar show indications of
strain and many crystals are fractured; some of the quartz grains have been re
crystaIIised to mosaics of unstrained crystals. The matrix (ca. 5°/0) consists of small
fragments of quartz and feldspar, and irregular aggregates of yellow-brown to red
brown secondary amphibole mainly in veins.

Grænsesø Formation rocks

BIack peIitic shale (71241). West Midternæs.

From the PeIite Member about 2 km south of Birkesø.
A finely laminated specimen in which the bedding is distorted by minor folding

and the development of an incipient axial plane cleavage. In thin section almost
opaque layers comprising abundant carbonaceous material alternate with layers of
microscopic quartz and abundant sericite. The bedding is in places compacted about
a few quartz grains of fine sand grain size. The sericite has been recrystaIIised in
slender laths parallel to the bedding and is responsibIe for the faint sheen on the
bedding surfaces of parts of the hand specimen

Calcitic dolomite (71269). West Midternæs.
Collected from the dolomite sequence in southern west Midternæs.
The fine-grained specimen is orange-brown on weathered and grey on fresh

surfaces. In thin seetion it consists of a fine-grained mosaic of calcite and dolomite
(analysis Table 3) and scattered small grains of quartz. A faint bedding is discernibIe
from the aIignment of quartz grains.

Dolomite breccia matrix (24323). North Midternæs.

The specimen was taken from the matrix of the intraformational breccia which
is found locally at the base of the main dolomite sequence in western north Midternæs.

It is composed of small fragments of black chert and fragments of yellow
weathered calcitic dolomite in a greyish-yellow groundmass. The yellow dolomite
fragments appeal' to be the same composition as the large dolomite components
comprising the bulk of the breccia and the non-brecciated calcitic dolomite beds in
the same succession. The chert fragments are mainly angular and in thin section
are composed of structureless Ol' fainUy laminated microcrystaIIine quartz. The
groundmass to the fragments is a mosaic of calcite, dolomite and alittle quartz.
Both groundmass and chert fragments are cut by alater network of thin veins of
quartz and carbonate minerals.

Pyritic shale (25714). North Midternæs.

Collected from a high levelof the Shale Member in western north Midternæs.
The rock is a well foliated shale which contains pyrite in concentrations of

small cubes in lenses and layers parallel to the bedding. Alittle pyrite also occurs
in a network of thin cross-cutting veins. The shale in thin section consists in the
pyrite-poor part of the section of a few detrital quartz grains of fine siIt grain size
in a matrix of microscopic quartz, sericite and scattered ore grains. The pyrite-rich
layers contain numerous well shaped pyrite crystals with square cross-sections and
a few crystals with somewhat rounded cross-sections. Between some of the adjacent
larger pyrite crystals the quartz and sericite is slighUy coarser grained suggesting
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strain-shadow recrystallisation. Sericite laths are sporadically distributed in the
pyrite-rich layers but in the pyrite-poor layers exhibit a strong preferential align
ment parallel to the bedding.

7) Conditions of deposition of the Vallen Group

A brief review of the probable depositional conditions of the sedi
ments of the Vallen Group of Grænseland and Midternæs has been pre
sented by HIGGINS and BONDESEN (1966). Further brief mention has
also been made by BONDESEN et al. (1967) and a more detailed analysis
of Grænseland conditions is given by BONDESEN (in press). The short
account which follows is with special reference to the Midternæs sedi
ments.

The surface on which the earliest Ketilidian sediments were laid
down was composed of roughly peneplained pre-Ketilidian gneisses and
schists. Residual gravels which accumulated on this surface may be
represented by the Conglomerate Member of northern west Midternæs.
The Conglomerate Member is unsorted at the base, but the appearance
of bedding near its top suggests that it was partly reworked in early
Ketilidian time.

The probable uneven nature of the peneplained sub-Ketilidian sur
face is suggested by the distribution of the earliest Ketilidian sediments.
Sedimentation appears to have been restricted at first to shallow basins
of limited extent and it has been suggested that three probably initially
separate sedimentary basins can be traced in Midternæs and Grænseland
(HIGGINS and BONDESEN, 1966). The Lower Zigzagland Formation is
only represented in the southernmost of these three basins, in central
Grænseland, and a carbonatisation of the sub-Ketilidian surface ,asso
ciated with dolomite deposition is restricted to this basin, as are certain
fossiliferous horizons (PEDERSEN, 1966).

In Upper Zigzagland Formation time the Ketilidian sea became
apparently gradually more extensive and the successive deposits in north
Grænseland in the central of the three basins are of a transgressive nature.
In west Midternæs, where the northern part of the same basin is found,
orthoquartzites, suggesting slow initial deposition, occur and are suc
ceeded by feldspathic sandstones. The sandstones show considerable
variation in thickness and appear to thin out north of Birkesø against
what may have been the northern limit of the basin. About 2 km to the
north near Sermiligarssuk Bræ 30 m of sandstones with distinctive
graded bedding are found (Fig. 5). This is the possibIe site of the southern
extremity of the third and most northern of the sedimentary basins
recognised; it was probably initially separated by dry land from the
second basin.
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The abrupt changes in thickness of the Sandstone Member in
Midternæs which take place in the vicinity of ENE- Ol' NE-trending
fauIts give a elue to the nature of the topography of the Ketilidian sea
floor (Plate 3). It seems probable that fauIt scarps may have formed
eliff-like features, and strongly influenced depositional conditions. In
Grænseland the boundary between the central and southernmost of the
three basins recognised was apparently a major fauIt scarp (HIGGINS

and BONDESEN, 1966, fig. 3).
The occasional occurrence of cross-bedding in the sandstones sug

gests the sea was relatively shallow in Zigzagland Formation time and
sun cracks recorded in Grænseland imply that parts of the basins were
periodically dry. From the orientation of rippIe marks and slump axes
in the Grænseland sandstones BONDESEN (in press) has calculated that
the coastline had a trend of 110° to 145°.

An expansion and deepening of the Ketilidian sea appears to have
begun in late Zigzagland Formation time and to have continued into
Blåis Formation time. The distinction between the three basins of deposi
tion became less pronounced and similar sequences of sediments occurred
in both Midternæs and Grænseland.

In west Midternæs the Calcareous Member succeeds the Sandstone
Member. The dominantly argillaceous sediments of the Blåis Formation
are found both in north and west Midternæs, and it seems likely that
at the time of deposition the sea was fairly deep and the shore line some
distance from the Midternæs area.

The thickness of the sediments which accumulated during Blåis
Formation time in different areas may be taken to reflect local varia
tions in the supply of detritus. Northern west Midternæs with only 50 m
of sediments was perhaps relatively elevated with respect to southern
west Midternæs and north Midternæs in which up to 300 m and 750 m
respectively of sediments seem to have accumulated during the same
period.

In Grænseland the Blåis Formation, also of variable thickness, is
represented by from 40 m to 800 m of pelites, semipelites and greywackes.
The greywacke proportion is dominant, coarser-grained, and of far
more importance than in Midternæs where banded siItstones dominate and
greywackes are found in bands of limited thickness. BONDESEN considers
the greywackes to be turbidites whose deposition is related to fauIt
movements in the vicinity (BONDESEN, in press). Direct evidence for
tectonic activity is seen in the lower part of the Blåis Formation of
central Grænseland in the form of a "wild flysch" unit containing boul
ders and fragments of all the underlying members and the basement
gneisses.
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In Midternæs there is also evidence for instability of the sea floor
in Blåis Formation time. In north Midternæs a 80 m thick arkose is
found only on the south side of a major NE fault line, and in southern
west Midternæs a feldspathic greywacke unit containing perhaps Jocally
derived shale and siltstone fragments occurs only on the south side of an
ENE-trending fault line. It seems possibIe that these deposits may owe
their existence to movements on the nearby faults. Fault movements
may have continued into Grænsesø Formation time; an infraformational
dolomite breccia several metres thick at the base of the main dolomite
sequence in western north Midternæs occurs in the immediate vicinity
of aNE-trending fault line.

The thin dolomites interbedded with the siltstones and greywackes
of the Blåis Formation probably represent chemical precipitates which
accumulated during temporary failure of the supply of clastic material.
The thicker dolomite accumulations of the Grænsesø Formation presum
ably represent a more prolonged period of similar conditions. It is no
table that there is littIe or no coarse clastic material represented in the
Grænsesø Formation, but a pronounced accumulation of pelitic material
is apparent in the Pelite Member of west Midternæs and the rather
pelitic shales interbedded with the dolomites of the Dolomite Member.

Accumulation of dominantly argillaceous material continued into
late Grænsesø Formation time and is represented by the Shale Member.
The pyrite in some shales probably formed originally during sedimenta
tion under anaerobic reducing conditions, and recrystallised along bed
ding places and locally in cross-cutting veins during diagenesis.

In Midternæs a thrust sometimes occurs at the top of the exposed
Vallen Group sequence and parts of the succession are missing locally.

In general terms the dominant siltstone deposition in north and
southern west Midternæs, and the wedge-shaped arkosic deposits in both
areas, are fairly characteristic of the sedimentary associations in intra
cratonic basins (auto- or zeugogeosynclines) (DAPPLES, KRUMBEIN and
SLOSS, 1948). Thinner equivalents of the same types of deposit such as
occur in northern west Midternæs, may be considered typical of shelf
conditions bordering the intracratonic basins. Sedimentary successions
including extensive greywacke sequences appropriate to geosynclinal
troughs (orthogeosynclines) occur only in central and southern Grænse
land. The Vallen Group cannot be traced continuously farther south than
the fjord Qornoq in the eastern part of the Ivigtut region.

Further discussion on the environment of deposition of the Ketilidian
succession as a whole is found at the close of the section on the deposi
tional conditions of the Sortis Group (see p. 61).
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8) The Sortis Group

The Sortis Group is composed largely of volcanic rocks and sills
and its lower boundary is placed at the level at which volcanic effusives
first appear. The upper boundary of the group is not seen in MidternæR,
but the exposed part of the group is about 4800 m thick. The Sortis
Group overlies the Vallen Group but in several areas a thrust is devel
oped along their mutual contact and parts of the Vallen Group succession
are locaIly missing; it is possible, but it is difficult to demonstrate, that
part of the lower Sortis Group may be lacking in some areas.

Stratigraphical correlations of a general nature can be made for
the Sortis Group between Midternæs and the type area (Grænseland),
but it is only in the southern part of Midternæs that the relationships
can be clearly demonstrated; this area is described first.

South of Akuliarutsip timilerssue and on the nunatak south of
Tordensø the regional dip of the Sortis Group is ENE at angles of about
25° to 45°, but as in other parts of Midternæs, high anomalous dips in
various directions have been produced locally by folding and the in
trusion of lenticular sills. In this part of Midternæs the Sortis Group
succession can be divided into three distinct parts: a lower pillow lava
sequence, an intermediate sequence of sediments, pyroclastics and in
trusive sills, and an upper pillow lava sequence. The lower two sequences
can be easily correlated across the narrow Sioralik Bræ with the Foselv
and Rendesten Formations of the Grænseland type succession (BONDE
SEN, in press). The lower sequence comprising lavas and a few thin
sedimentary bands is equivalent to the Foselv Formation, and the inter
mediate sequence is characterised by the same rock types as occur in
the Rendesten Formation.

The Rendesten Formation on Midternæs is well exposed to the
north-west of Tordensø, on the large nunatak south of Tordensø and
along the north-west and west margins of Nuna qernertoq. On Nuna
qernertoq the Rendesten Formation sediments, pyroclastics and sills are
succeeded by a very thick succession of pillow lavas. These upper lavas
are not represented in Grænseland, and it would seem logical to place
the upper limit of the Rendesten Formation (not defined in Grænseland)
at the base of these thick lavas. It is proposed that this upper pillow
lava sequence with its sills be assigned to a new formation of the Sortis
Group termed the Qernertoq Formation. The Qernertoq Formation on
Nuna qernertoq is about 2200 m thick; its upper boundary is hidden
by the Inland Ice and cannot be defined.

The ENE-trending fauIt line at the south boundary of the ridge
Akuliarutsip timilerssue appears to mark an important boundary beo
tween contrasting lithological developments of the Sortis Group. North



II The Ketilidian rocks of Midternæs 31

of the fauIt line a lower pillow lava sequence corresponding to the Foselv
Formation can be distinguished, but the Rendesten Formation sediments
and pyroclastics are only conspicuously developed north and north-east
of Birkesø and in the Palisaden area. Between these areas the sediments
and pyroclastics thin laterally between flows of pillow lava. An alter
nating sequence of sediments and lava flows is seen in some areas, and
in the northern Perledal area an almost uninterrupted pillow lava se
quence occurs. It would appear that contemporaneous with the accu
mulation of sedimentary and pyroclastic rocks in the southern Midter
næs area pillow lavas were outpoured in Midternæs north of the Akulia
rutsip timilerssue fauIt line. Pillow lavas have not been recorded in the
Rendesten Formation of the type area (Grænseland) and aIthough im
portant in north Midternæs they might be considered as atypical of the
Rendesten Formation as a whole. It is therefore proposed to distinguish
the pillow lavas of north Midternæs which appear to be contemporaneous
with the deposition of the Rendesten Formation as the Perledal Volcanic
Complex, after the good exposures in the northern part of Perledal.

In the Palisaden area sediments and pyroclastics of the Rendesten
Formation, which aIternate with thin lava flows of the Perledal Volcanic
Complex, are overlain by a thick sequence of lavas and several thick
sills which are best correlated with the Qernertoq Formation.

The thickness and stratigraphical variations of the Sortis Group are
difficult to establish with certainty because of the repeated succession
of identical rock types, the scarcity of good marker horizons, the varia
bility of the dip caused by the numerous intrusive sills and subsequent
folding. A schematic interpretation of variations in the stratigraphy is
given in Plate 3. A map showing the outcrop of the Sortis Group Forma
tions is presented as Plate 4.

Since the main rock types of the Sortis Group are represented in
all three formations but in varying proportions, brief stratigraphical
descriptions of the three formations are given first in the following pages,
and the characteristic forms and petrography of the main rock types are
presented subsequently.

9) The Foselv Formation

The lowest formation of the Sortis Group, the Foselv Formation,
may not be complete everywhere in Midternæs since in several areas its
base is a thrust plane. The Foselv Formation is composed principally of
pillow lavas, a few intrusive sills and several thin sedimentary bands,
and its upper limit is taken as the level at which lavas give way, char
acteristically, to a sedimentary and pyroclastic sequence. This upper
limit is easily determined south of Akuliarutsip timilerssue, north of
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Birkesø and Perledal, and in the Palisaden area. In the northern Perledal
area and south of Birkesø where the Perledal Volcanic Complex is well
developed the approximate limit of the Foselv Formation can usually
only be determined by lateral extrapolation from: adjacent areas.

The Foselv Formation appears to consist of up to three main lava
sequences which are separated by thin and usuallY impersistent sedimen
tary bands. The number of individuallava flows which may be represented
in each lava sequence is impossible to determine. Each lava sequence is
at least partly made up of pillow lavas and in some areas the entire
sequence is pillow lava. A few massive intrusive sills occur at some
localities.

The total thickness of the Foselv Formation varies considerably
from area to area. It is approximately 300 m thick south of Akuliarutsip
timilerssue, about 800 m south of Birkesø and about 500 to 600 m north
of Birkesø. In western north Midternæs the thickness is in the order of
900 m decreasing eastwards to about 500 m in the west Palisaden area
and apparently to less than 150 m in the east Palisaden area. Some of
these extreme thickness variations may be partly a consequence of the
thrusting at the base of the formation, but most appear to be original
variations related probably to differentialoutflow of lava.

The accumulation of unequal thicknesses of lava flows would give
rise to an undulating area floor topography and it may be significant that
the thickest sedimentary accumulations of the succeeding Rendesten
Formation occur in those areas where the Foselv Formation is at its
thinnest.

10) The Rendesten Formation and Perledal
Vo1canic Complex

The lower boundary of the Rendesten Formation is placed at the
level at which the lavas of the Foselv Formation give way to a pre
dominantly sedimentary and pyroclastic sequence, except where the
Perledal Volcanic Complex is developed. With the same proviso the
upper limit of the Rendesten Formation is placed at the level at which
the sediments and pyroclastics are overlain by the very thick lava
sequences of the Qernertoq Formation.

The sediments of the Rendesten Formation are mainly banded
siltstones which are sometimes indurated and very massive, but usually
weather easily to form shaly screes. Cherts and cherty quartzites are
locally important. Some distinctive rock types are found in several
areas, but at various leveIs, and none can be employed as reliable marker
horizons.

Pyroclastic deposits varying in type from very fine tuffs to agglom
erates and volcanic breccias are found at several levels ; the characters
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of the various rock types are described in a separate section below.
The most important deposits occur at intermediate to high levels of the
Rendesten Formation and are represented at many different localities
in Midternæs. South of Tordensø the main pyroclastic sequence exceeds
250 m in thickness.

Sills are very important in the Rendesten Formation and appear
to be particularly abundant in those areas in which the greatest thick
nesses of sediments accumulated.

South and south-east of Akuliarutsip timilerssue only an estimated
900 m of the 2400 m thick Rendesten Formation are sediments and
pyroclastics and the remaining thickness is made up by the numerous
sills. Even so, this thickness of sediments and pyroclastics is not ap
proached at any other locality in Midternæs. At the only other locality
where the total thickness of the Rendesten Formation can be estimated
with any degree of reliability, in the Palisaden area, the sediments and
pyroclastics are about 500 m thick; about 350 m of sills, and 250 m of
lavas of the Perledal Volcanic Complex, made up the remainder of the
estimated 1100 m total thickness.

Sediments are notably thin in the areas between Birkesø and
Akuliarutsip timilerssue and between Perledal and Palisaden. In the
latter area the Rendesten Formation is represented mainly by the
Perledal Volcanic Complex, an almost unbroken pillow lava sequence,
and only a few thin sedimentary bands. The principal sedimentary
developments east and west of this area thin and in many cases wedge
out completely between lava flows as they are traced inwards.

The interpretation of the complex stratigraphy of the Rendesten
Formation is perhaps best appreciated from Plate 3. It is suggested that
the lava flows comprising the Perledal Volcanic Complex were extruded
periodically in parts of central and north Midternæs contemporaneous
with accumulation of sediments and pyroclastics elsewhere. These lavas
appear to have a limited lateral extent and were perhaps restricted in
their distribution to the immediate vicinity of a volcanic vent or vents;
none of the actual vents have been observed in the fieId. Lavas have not
been recorded at this level in Grænseland (BONDESEN, in press).

The absence of lava flows and the extreme thickness of the sed
imentary accumulations in the area south of Akuliarutsip timilerssue
might point to the existence of some type of barrier in the vicinity of
the ENE-trending fault line along the south margin of Akuliarutsip
timilerssue. It has been noted previously that this fault may have in
fluenced deposition of the Vallen Group, and during that period the
sedimentary accumulations were also greater on the south side of the
fault line.

189 3
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11) The Qernertoq Formation

The Qernertoq Formation outcrops on Nuna qernertoq, north of
Andesø and south of Palisaden. It is at least 2200 m thick and its upper
limit is not exposed.

The major part of the Qernertoq Formation is composed of well
developed pillow lavas. Near the base, and at several other leveIs, lavas
lacking pillow structures but exhibiting a poor to good columnar jointing
occur. East of the large lake on Nuna qernertoq alternations of columnar
jointed probable lavas, and sequences of pillow lavas are conspicuous.

Thick intrusive sills are prominent in the lower part of the forma
tion north of Andesø. On eastern Nuna qernertoq and the nunataks to
its east massive igneous rocks lacking pillow structures were interpreted
as intrusive sills during a low-Ievel helicopter reconnaissance but this
diagnosis could not be verified as landings were prevented by turbulence.

The occurrence of sediments is restricted to a few thin bands of
red-stained shaly siltstones and two 10 to 15 m thick chert lenses, all
in the lower part of the formation.

12) Lavas

Occurrence and character

Lavas are the dominant rock type of the Sortis Group. Most of
the lavas exhibit pillow structures implying subaqueous extrusion and
it is not uncommon for pillow lavas to occur in unbroken successions
several hundred metres thick. Some lava flows are devoid of pillow
structures and may be columnarly jointed; others may exhibit poorly
developed pillow structure in occasional bands or may be characterised
by an irregular arrangement of small fractures.

The pillow structures in the lavas vary considerably in shape and
dimension although most examples approximate to the c1assic pillow or
bolster shape (Fig. 7). In section the pillows are commonly 20 cm to
1 m across in their shortest diameter and about 2 or 3 times this amount
in their largest diameter. Rarely smaller examples occur and excep
tionally large examples up to 10 m by 2 m in section have been observed
in a few localities. At any one locality the pillows are usually of similar
dimensions but extreme variations in size also occur. Bolster-shaped
pillows appear to exhibit a general preferential alignment of their long
axes in some areas, and most usually this direction is between NNE and
ENE. Crescentic pillow shapes have been observed on Nuna qernertoq
(Fig. 8). In most pillow lavas the pillows are distinct and separate en
tities. However, there occur in some parts of Nuna qernertoq sequences
of apparently interconnected pillows. They occur as sheets of lava 1 m to
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Fig. 7. Section through closely packed pillow lavas. -orth east of Perledal.

Fig. 8. PilIows weathered-ouL in thrce dimensions. Juna qernertoq.

3*
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2 m thick with chilled pillow-form upper surfaces. These interconnected
pillow sheets might be compared to a succession of thin surface lava
flows of pahoehoe type (cf. MACDONALD, 1953) but their association in
Midternæs with thick sequences of pillow lavas suggests that they are
subaqueous phenomena in this instance.

The pillows are nearly always closely moulded upon each other
and there are commonly no, or very few and very small, cavities between
pillows. The occasional cavities may be filled in by black cherty material,
or sometimes by white quartz in association with calcite. In a very few
areas cherty lenses between pillows are common and conspicuous. Brec
ciated lava fragments have been noted between pillows on rare occasions.
At the base of some flows the underlying sedimentary material has been
forced upwards between the pillows of perhaps the lower 5 to 10 m of
the lava pile. A chert band at the base of one such flow was noted to
be closely moulded to the shape of the pillows.

Thick pillow lava sequences frequently appear to be arranged in
beds, and it has sometimes been possibIe to estimate the dip of pillow
bedding planes. Their orientation is generally in agreement with the
regional sedimentary bedding (Fig. 23).

Most pillows preserve good chilled margins usually darker in colour
than the pillow interiors and of the order of 5 mm thick; the outer part
of the chilled margin may be glassy and concentrically laminated. Con
centric jointing or layering of pillows is rather uncommon (Fig. 9) and
good radial columnar jointing has been observed only in a few very large
pillows; most pillows are not conspicuously jointed. The outer surfaces
of pillows are usually smooth and rounded and in some cases preserve a
delicate ribbing or wrinkling suggestive of flow in a plastic state.

Lensoid cavities are in some areas common in the centres of pillows
but may be totally absent in other areas. The margins of the cavities
are glassy and may be empty, or filled in by chert, quartz, and occasion
ally calcite and epidote (Fig. 9). In some localities up to seven cavities
occur arranged one above the other in a single pillow and separated by
thin layers of lava.Pillows with multiple cavities do not occur very
frequently but at one locality in western north Midternæs were present
in an estimated 2 Ofo of the observed pillows.

At two widely separated localities within thick pillow lava succes
sions there have been noted alternations of thin lava sheets about 5 cm
thick and slightly thinner cherty layers. Although on a smaller scale
there is a strong similarity between the structure of these rocks and that
of the layered lava pods described by SNYDER and FRASER (1963) which
they considered to have developed by a mechanism of laminar flow.

Within a thick pillow lava sequence in north Midternæs was noted
the occurrence of spectacular pillow breccias {cf. HENDERSON, 1953;
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Fig. 9. Seclion of a concentrically layercd piJlow with a caleite filled central cavity.
North of Andesø.

CAHLlSLE, 1963) within a zone ahouL 150 m thick and traceahle for
about 1 km. 1'hese hreccias ean be traced lalerally into normal pillow
lavas and there is an irregular but sharp junetion between the Lwo rock
Lypes, 1'he pillow breccia comprises numerous small pillows of very
irregular shape, usually less than 5 cm in their greatest dimension,
together wiLh fragments af broken pillows which are embedded in a
tufTaceous matrix (Fig. 10 and 11). 1'here was compleLe inLermingling
af zone wiLh mainly broken pillows and zones wjth mainly whole
pillows. 1'he matrix consists of angular sharus, globules and multiple
globular sLructures which are embedded in a fine-grained groundmass.
1'he globular Ol' aquagene tufT is thought to develop by globu1aLion
from a highly fluid magma undel' considerable intornal pressure (C R,

LlSL:E, 1963). 1'he formation of pillows in such a tufT is apparently facil
itated by a very mall density conLrast between pillow and LufT (SOLOMO "
1966). Once formod the piJlows cooling slow1y in a medium of hot watel'
and hot granulating glass wero ableto deform appreciably during even
relaLively gentIe flowage of the pillow matrix (CARLTSLE, op. Git.) Ol' duc
to accumulating overburden (SOLOMON, op, Git.). 1'he rupture and dis
aggregation of pillows is variously attributed to slumping and liding
af pillows and matr'ix (CARLISLE, op. Git.; BAILEyand HALLIDAY, 1963)
Ol' to brecciation duc to Lhe increa e in volume accompanying late
pelagonitisation (FRA 'eE, 1967).
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Fig. 10. PiJlow breccia comprising mainly enlire pillows in a tufT matrix. North
Midternæs.

Fig. 11. Pillow breccia containing many broken fragments of pillows chilled only
on one margin. The globular nature of the tufT matrix is apparen t. TOl'th Mid ternæs.
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Boundaries between successive lava flows are difficult to deternline
in areas where conditions did not permit the intermediate accumulation
of sedimentary material. Breccias of angular lava fragments in a glassy
mesostasis encountered in several thick lava sequences on Midternæs
may represent flow boundaries.

Interbedded with the pillow lavas there occur occasionally thick
conformable massive lava flows. Massive flows occur mainly in the Perle
dal Volcanic Complex in northern Midternæs and near the base of the
Qernertoq Formation. The association with extensive sequences of pil
low lavas suggests they were of subaqueous eruption rather than sur
face flows. It may be that such massive flows represent parts of sub
aqueous eruptions of considerable volume which did not come into
intimate contact with water (WILSON, 1960).

On the geological map (Plate 5) all Ketilidian igneous rocks have
been indicated as either sills or lavas, but difficulty was in fact oc
casionally experienced during mapping in distinguishing between some
non-pillowy lavas and fine-grained sills. In those areas where doubt as
to the mode of emplacement of the rocks exists the boundaries between
lavas and sills have been indicated as arbitrary, but since both rock
types have virtually identical compositions any misinterpretations are
considered to be of little consequence.

The shape and sizes of pillows in the other Ketilidian volcanic
sequences of the Ivigtut region are similar to those of Midternæs in
many respects. WEGMANN (1938) has recorded pillows on Arsuk ø up
to 10 m in length and MULLER (in prep.) in the same area has observed
examples 5 m by 50 cm in cross-section. MULLER has observed central
vesicular portions in many pillows of Arsuk ø, both concentric and radial
jointing, and pillows with multiple quartz and calcite-filled cavities
identical to those of Midternæs. Pillow breccias in the Foselv Formation
of Grænseland have been figured by BONDESEN (1962, fig. 84), and
examples from Arsuk ø, where they form important sequences at several
leveIs, are described by MULLER (in prep.).

Petrography and chemical analyses

Thin section analysis provides littIe elue to the composition of the
lavas, most of which are aphanitic. Petrographic descriptions of a few
examples are given below:

Pillow lava (?1285). Southern Midternæs.

From the chilled margin of a pillow in a flow of the Perledal Volcanic Complex.
Within the chilled margin which is preserved in the specimen the lava is

aphanitic, paIe grey in colour and cut by several thin irregular veinlets. The thin
section is composed mainly of densely packed brownish patches which may repre-
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sent devitrified glass. The variolitic groundmass appears to be composed of plagio
clase and perhaps some pyroxene, and small euhedral clinopyroxenes are also present
as scattered phenocrysts.

Pillow lava (25791). Nuna qernertoq.

From the centre of a 30 cm pillow in the Qernertoq Formation lavas.
The specimen is grey in colour and comprises scattered small paIe coloured

phenocrysts in an aphanitic matrix. The thin section shows the matrix to comprise
prismatic plagioclase microlites, euhedral and subhedral clinopyroxene and scattered
grains of ore. The plagioclase is mainly andesine. The phenocrysts of the hand spec
imen seem to be slightly coarser grained aggregates of pyroxene and plagioclase
notable only in that the plagioclase is more altered than in the groundmass and
occurs as brownish laths.

Globular pillow breccia matrix (25719). Northern Midternæs. Analysis Table 4.

Collected from the Foselv Formation localities illustrated in Figs. 10 and 1i.
The main features of the specimen are the discrete and composite globules

from 1 mm to 6 cm in diameter which have an extremely varied form and texture.
They are set in a greyish tuffaceous matrix which is red on weathered surfaces. The
interior parts of the globules in thin section are very complex but appear to represent
devitrified chloritised volcanic glass; perlitic structures are often preserved. The
most consistent feature of the globules is the zoned border comprising usually a
bleached inner zone, a thin opaque ferruginous layer and an outer brownish zone
of probably palagonite. The matrix between the globules comprises shards, lithic
fragments and othf;r tuffaceous debris in a mesostasis of chlorite, actinolite and
silica whose texture in places is suggestive of flow (ef. detailed petrology of these
rock types by CARLISLE, 1963).

Five analyses and two partial analyses of lavas and an analysis
of pillow breccia matrix are presented in Table 4. The CIPW norms with
normative olivine and hypersthene for all five lava analyses imply that
the lavas are just saturated olivine tholeiites. The affinity with tholeites
is brought out in Fig. 14 where Na20 plus K 20 for the lavas (and sills)
is plotted against Si02 and compared with the Hawaiian tholeiite suite
field. The comparison af the average of the five Midternæs lavas with
the average Hawaiian tholeiite (MACDONALD and KATSURA, 1964) is
favorable in many respects, if the high H20 in the Midternæs analyses
is allowed for (Table 4); the Midternæs rocks contain somewhat lower
proportions of Ti02, Fe20 a and K20.

Of the five lava analyses, four are of pillow lavas and one is from
a massive lava band, but all are thought to be subaqueous extrusive
rocks. It may be noted that they show none of the characteristics af
spilitic rocks with the exception of low K 20. The percentage of Na20
is about average for basalts and in only ane analysis exceeds 4 %,

Each of the pairs of analyses 3-4 and 5-6, and the partial analyses
7-8, were collected from the margin and core af pillows at three different
localities. Since the selvedges, or outer chills, af the marginal pillow
samples were not included in the analyses these pairs of analyses are not
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Table 4. Analyses af la()as

1 2 3 lo 5 6 7 8 9 10
Average Average

25719 25781 7H63 7146lo 24358 2lo357 25790 25791 of Hawaiian
2-6 tholeiite

Sia•...... 50.6lo ' lo8.89 50.89 lo7.lo3 lo7.H lo7.56 lo8.38 lo9.36
Tia•...... 0.87 1.57 0.75 0.8lo 0.79 0.83 0.96 2.50
Al.O•..... 13.92 12.76 13.lo3 12.92 15.23 H.25 13.72 13.9lo
Fe.O•..... 1.lo5 2.6lo 1.29 1.12 1.42 1.65 1.62 3.03
FeO ...... 10.49 11.70 10.42 9.93 9.8lo 9.72 11.32 8.53
MnO ..... 0.13 0.21 0.05 0.21 0.27 0.20 0.19 0.16
MgO ..... 9.64 5.96 7.01 6.92 8.11 8.H 7.23 8.44
CaO ...... lo.96 8.lo5 9.20 13.77 10.30 11.36 5.58 12.12 10.62 10.30
Na.O ..... 0.21 3.22 4.13 1.90 2.30 2.01 2.90 2.98 2.71 2.13
K.O ...... 0.19 0.19 0.19 0.25 0.25 0.2lo 0.10 0.20 0.22 0.38
p.Os ..... 0.28 0.22 0.19 0.00 0.23 0.13 0.15 0.26
CO•...... Tr. 1.00
H.O+ ..... 7.18 3.29 2.78 3.73 4.35 3.41 3.51 t
H.O- ..... * * * * * * * * t
Total ..... 99.96 99.10 100.33 100.02 100.23 99.50

* Analysis on sample dried at 110° C for 2 hours. t Not given.

CIPW Norms

1 2 3 lo 5 6

q .............. 16.70
c ............... 5.02
or .............. 1.12 1.12 1.12 U8 U8 1.lo2
ab ............. 1.77 27.21 3Ul 16.06 19.1olo 16.99
an ............. 22.76 19.79 17.5lo 25.97 30.lo7 29.13
di .............. 17.16 22.15 29.68 15.65 21.57
hy ............. loO.98 22.25 2.85 13.69 13.79 15.57
ol .............. 0.90 15.19 3.87 10.91 7.09
mt ............. 2.11 3.8lo 1.87 1.63 2.06 2.lo0
il .............. 1.65 2.98 1.lo2 1.60 1.50 1.58
ap o •••••••••••• 0.66 0.52 0.45 0.5lo 0.31
cc .............. 2.41

Analysed samples:

Analysis no:
1 Globular tuff matrix of pillow breccia (Figs.l0 & 11). Foselv Formation,

north Midternæs.
2 Massive lava flow. Near base of Qernertoq Formation, Nuna qernertoq.
3 Pillow 0.5 cm to 2 cm from margin. Perledal Volcanic Complex, western

north Midternæs.
lo Core of pillow of analysis 3.
5 Pillow 0.5 to 2 cm from margin. Foselv Formation, north Midternæs.
6 Core of pillow of analysis 5.
7 Pillow 0.5 to 2 cm from margin (partial analysis). Qernertoq Formation,

Nuna qernertoq.
8 Core of pillow of analysis 7 (partial analysis).
9 Average of analyses 2 to 6.

1961o, p.12lo).
10 Average of 181 tholeiites and olivine tholeiites (MACDoNALD and KATsuRA,
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in all particulars comparable to those presented by BAILEyand MCCAL
LIEN (1960), VALLANCE (1965) and others. However, certain chemical
variations may be observed. In the samples 3-4 the core sample is
relatively depleted in Si, Al and Na and notably enriched in Ca. The
core sample of the analyses 7-8 shows also marked enrichment in Ca
and slight depletion of Al. A slightly lower Na content and slightly
higher Ca content is found in the core sample of the analyses 5-6 (ef.
Table 4 and Fig. 15b). While comparable changes of composition within
pillows have been recorded in analyses quoted in BAILEyand MCCALLIEN
(1960), variations in the opposite sense have been noted by VALLANCE
(1965).

The pillow breccia matrix analysed largely comprises chilled basaltic
lava and has similarities with the analyses of chilled selvedges of pil
lows (VALLANCE, 1965). In contrast to the normal pillows these chilled
rocks exhibit an extreme depletion of Na, relative depletion of Ca,
higher Mg and markedly higher H20. A depletion in Si characteristic
of selvedges is not, however, found in the pillow breccia matrix. The
very high water content of the pillow breccia matrix may be viewed
as a consequence of the quenching of basalt glass in reaction with water,
and similarly the high water of all five lava analyses suggests mineral
adjustments in a wet environment.

Further consideration of the analyses of both lavas and sills follows
at the close of the following section on sills (p. 48).

13) Sills

Occurrence and character

Basic sills make up 30 to 40 Ofo of the Sortis Group; a few examples
also occur at a high levelof the Vallen Group. The intrusive nature of
the sills is most clearly apparent in the Tordensø area and to the north
and north-east of Birkesø where they intersect thick sedimentary se
quences of the Rendesten Formation. The sills in these areas have a
rather irregular outcrop pattern. They vary considerably in size and
shape and many small sills occur as isolated pods with no apparent
connection with adjacent sills. Individual sills vary from a few metres
to several hundred metres in thickness. The thicker sills are usually
aligned concordant to the regional bedding but minor discordances ean
often be observed. Laterally some sills may be extremely extensive.
Many have characteristic blunt or rounded terminations. Intrusion into
the sediments appears to have caused the local development of minor
folds unrelated to the subsequent regional deformations, as well as giving
rise to anomalous dip readings. Most of the sills which have been in-
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Fig. 12. Contact betwecn coarse- and medium-grained gab bro in thc upper parl of
a thick sill. Central Midternæs. Pholo: NIELS ø. OLESEN.

truded into dominantly lava sequences appeal' to be more extensive and
generally thicker than those which have been intl'Uded into sedimentary
succeSSIOns.

Sills up to about 10 m thick tend to be fine-grained throughout
and those up to about 100 m thick have usually a medium-grained cen
tral portion and fine-grained margins. It is generally only in sills greater
than 100 m thick that coarsegrain sizes are reached. The coarse-grained
zones often have very irregular and sharp boundarie with the medium
grained zones (Fig. 12).

eUI'ly all sills are rnesocratic with a colonr index of 30 to 50. The
upper part of some sills and zones in the uppermost third of ome thick
sills con i t of deeply weathered melanogabbro. A thin altered silI we t
of Perledal i entirely melanocratic. Some apparently leucocl'atic and
melanocraLic parts of sills proved on close examination to he normal
rock types with a surface discolouration.

Columnar jointing is sporadieally developed in the silIs. The dimen
ions of columns varies from about 15 cm to 2 m (Fig. 13).

Examples of diITerential lithological laycring have only heen re
corded in a few thick sills and take varying forms. Developments of
red spherulitic patches up to 1 cm in diameter occur in some of the
thieker silIs, particularly neal' the base and more rarely at the top. At
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Fig. 13. Crude columnar joinLing in a thick sil! on tlle norlh slopes of Palisaden.
The larger column' are up to 2 m in diameter.

the base of a sin in central Midtel'Oæ the patche are concentrated in
thin layers at interval of 4 to 7 cm. In the upper part of a very exiensive
sill 2.5 km north-west of Ande ø apparent concentrations of ferro
magnesium minerals occur at repeated intervals of about 3 m. The upper
part af a sill at the east side af the lake an Nuna qernertoq contains
several melanocratic layers 5 to 10 cm tbick containing conspicuous
amoun1,s of ore. An intrusion in western Nuna qel'llertoq contain near
the top a 40 cm 1,hick amphibole segregation (Table 5, sample 33904).
On a smal] nunatak 3 km south-cast of Palisaden a sequence of leucocratic
bands 5 to 40 cm thick and extending laterally for several tens of metres
was obser'ved; the successive layers are separated from each other by
several metres af normal mesocratic rock (Table 5, amples 2574.7 a and
2574.7 b).

The sills of some areas are cut by 1eucocratic veins which appeal' to
he confined to 1,he body af the sill and do not extend into the urrounding
rocks. The best examples of the veins are seen on the nunatak south of
Tordensø wherc they exceptionally reach thicknesses of 1 to 2 m. Min
eralogically tbe veins are composed chiefly of quartz, ca1cite Ol' clino
zoisite usually with one mineral dominant; epidote and ore occasionally
occur as acces ories. 10st of 1,he veins appeal' to be secondary accumula-
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tions in open joints but some may be deuteric phenomena related to
the late stages of cooling of the sills.

Petrography and chemical analyses

The modal compositions of 25 samples from several sills as deter
mined by thin section analysis are given in Table 5. The main mineral
constituents are plagioclase, pyroxene and amphibole, with ore in ac-

Table 5. Modal analyses af sills

GGU
No.

Am
Plag. Pyrox. h'bp l .

Alter-j
Ore. ation Locality and level

.... ~
'"d ~ O'::s25747 a .... 53.4 28.8 15.2 1.4 1.2 M,,"c,,tk lay" ) =s ZOO:;

25747b .. ,. 68.8 22.8 3.8 1.6 3.4 Leucocratic layer
~ o:; E-< O
m ~ >;t..

O'

33907 ...... 50.6 28.8 13.6 1.2 5.8 0.2 m from top o-
33906 ...... 52.3 21.1 15.1 2.0 9.3 5 m - - o........
33905 ...... 46.8 32.5 10.6 1.3 9.1 16.7 m - - Q)

I': Z
33904 ...... 1.8 0.1 83.9 8.0 6.2 17

....
m - - Q) Oo- ......

33903 ...... 45.2 28.1 12.3 3.4 11.0 17.3 m - - ctS E-<
33902 ...... 51.6 27.6 9.4 2.5 10.3 20 m - - I': <

::I ::;s
33901. ..... 55.3 34.6 2.8 1.6 5.7 35 m - - Z o:;
25800 ...... 55.6 32.5 2.5 1.6 7.8 50 I': Om - - .... >;t..

Q)

25799,.,. .. 62.3 33.0 1.2 0.6 3.0 65 m - - .... Z'"25798 ...... 67.7 21.6 4.5 1.4 4.8 90
Q)

~m - - ~ E-<
25797 ...... 57.1 32.8 1.5 0.8 7.8 125 m - - m

~

71286 ...... 44.6 42.0 0.0 3.2 10.2 3 km WNW of Andesø ~

Z
71409 ...... 55.4 35.7 0.0 3.9 5.0 3 km W of Andesø ~

o:;

71397 ...... 58.5 21.5 0.4 4.6 7.2 Palisaden

71402 ...... 46.4 27.5 3.7 4.8 17.6 5 km W of Palisaden

24390 ...... 55.2 26.6 0.6 2.2 15.2 4 m from top

r
24389 ...... 52.4 33.7 3.0 4.2 6.7 29 m - - Z.... '" >024387 ...... 58.3 27.5 4.6 1.6 8.0 44 m

o æ- - I': I': ...:lE::....
24386 ...... 56.3 33.3 3.2 1.6 5.6 79 m - - I': Q) ~<........ 112::;s
24385 ...... 49.1 33.3 5.6 1.9 10.1 109 m - - $:-S Op:;

{144m
gj::;S >;t.. O- -
~24384 ...... 54.3 30.5 6.2 2.1 7.0 5m base

>;t..
-

m .
71238 ...... 45.0 0.0 43.5 3.0 8.5 }

...... ::;s
West Midternæs 0<0:;

71239 ...... 51.0 0.0 40.7 1.2 7..1 ...:IO
iXI>;t..
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cessory amounts. Alteration is marked in all speClmens, reaching In

exceptional cases 17 0/0 of the modal totals.
The samples listed in Table 5 were collected from 8 sills, the lowest

of which is in the Blåis Formation and the highest in the Qernertoq
Formation. Six samples were collected from successive levels of a 150 m
sill (samples 24384-24387, 24389 and 24390) but the modes show no
systematic variations in mineral proportions. Eleven other samples were
collected at successive levels of the upper 125 m of a sill whose base
was not exposed (samples 25797-25800 and 33901-33907). With the
exception of sample 33904 which was taken from an amphibole segrega
tion band, these modes show a general decrease in plagioclase content
upwards together with an increase in amphibole content; the pyroxene
percentage fluctuates.

The plagioclase in most samples is andesine (An 30-45 Ofo) and in
only a few samples has a lime-poor labradorite (An 54 Ofo) been recorded.
The plagioclase occurs in prisms and laths often in ophitic relationship
with pyroxene and less commonly with amphibole. Occasional micro
graphic intergrowths of feldspar and quartz have been recorded. Albite
twinning is common, and pericline and baveno twinning also occur.
Zoning is rare. The plagioclase is always affected to some degree by
sericitisation and saussuritisation and in some cases alteration is so
advanced as to prevent composition determinations.

The pyroxene is a colourless to paIe brown common augite which
occurs in small subhedral prisrns, or large anhedral crystals enclosing
plagioclase laths in ophitic relationship. Simple twinning is common.
Alteration is not pronounced but some pyroxenes may be fringed by
a narrow border of secondary fibrous actinolite.

The primary amphibole commonly found is green and usually
strongly pleochroic. It occurs in large prismatic crystals or as clusters
of crystals which may enclose plagioclase in ophitic relationship. Am
phibole rimming pyroxene with the same optical orientation or crystals
with small relic pyroxene cores also appear to be primary. Most of the
amphibole is hornblende.

Ore is always present in small amounts, occasionally as euhedral
crystals, but most often as irregular or skeletal grains.

The principal secondary minerals are chlorite, actinolite or uralite,
apatite, zoisite and quartz, and in some cases a littIe stilpnomelane.

In the thin section descriptions of specimens of sills given below
the plagioclase compositions suggest classification as diorites ar mela
diorites. This is, however, inconsistent with the chemical analyses, given
in Table 6 and discussed further below, which show that the sills have
a gabbroic composition.
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Hornblende 'gabbro' (71238). West Midternæs. Mode Table 5.
From the upper part of a thick sill in the Grænsesø Formation.
A mesocratic medium-grained rock, the specimen exhibits on weathered sur

faces a conspicuous network of dark amphibole laths up to 3 mm in length in a
paIe feldspar matrix. In thin section the texture is hypautomorphic-granular. The
amphibole is a markedly pleochroic greenish-brown hornblende. The longitudinal
sections mostly seen in the section often show twinning and a few cross-sections give
the typical amphibole eleavages. The hornblende is often partly chloritised and in
addition the borders and terminations of the laths may be fringed by fibrous actin
olite. Plagioelase occurs in equidimensional aggregates intergrown with the horn
blende. The plagioelase appears to be andesine, but identification is often uncertain
due to turbidity caused by extensive saussuritisation. Rare micrographic inter
growths of feldspar and quartz have been noted. Secondary chlorite and actinolite
occur in radiating elusters.

Pyroxene 'gabbro' (71374). West of Andesø.

Collected from the margin of a sill in the Rendesten Formation.
The hand specimen is mesocratic and fine-grained, but is conspicuous for the

occurrence of scattered red-weathered spherical 'phenocrysts'; on fresh surfaces the
'phenocrysts' are grey in colour and aphanitic. The texture of the thin section is
hypautomorphic-granular with a tendency to ophitic. The essential components are
plagioelase and pyroxene. The plagioelase is partly saussuritised but albite twinning
is elearly apparent and suggests a composition of andesine. The pyroxene is a colour
less augite which commonly has narrow fringes of brownish hornblende in parallel
position and apparently primary. Fibrous secondary amphibole also occurs. The
alteration of the plagioelase into eloudy laths has a patchy distribution on the slide
and it is in these areas that elusters of chlorite fibres are common. Ore is an accessory.
The spherical 'phenocrysts', which have not uncommonly been observed at the
margins of sills, consist in thin section mainly of a dense meshwork of plagioelase
and chlorite microlites.

Pyroxene 'gabbro' (33902).Nuna qernertoq. Mode Table 5.

From a thick sill in the uppermost part of the Rendesten Formation.
The specimen is a mesocratic medium-grained rock with dark irregular phen

ocrysts more than 1 cm in diameter. The phenocrysts are paIe brown augites which
enelose laths of saussuritised plagioelase in ophitic relationship. Wedge-shaped areas
in the pyroxenes are composed of paIe brown slightly pleochroic amphibole with
the same optical orientation and may be primary. The amphibole occurs in some
cases intimately intergrown with the pyroxene, as well as independently in lath
shaped crystals. Micrographic intergrowths of quartz and feldspar and myrmekite
like intergrowths of plagioelase and pyroxene have been recorded. Ore is accessory
and forms skeletal grains. Among the secondary minerals are chlorite, which forms
radiating aggregates, and quartz.

'Melanogabbro' (78889). North of Tordensø. Analysis Table 6.

From a deeply weathered band in a sill of the Rendesten Formation.
The weathered zone from which this specimen derives ean be traced for several

kilometres. The specimen is melanocratic; it is a dark greenish-brown colour on the
cut surface. The most conspicuous feature of the thin section is the proportion of
alteration produets of which red-brown to golden brown disseminated fibres of
stilpnomelane are the most abundant. The stilpnomelane occurs also as thin irregular
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Fig. 14. Plot of N a.O plus K.O against Sia. for Ketilidian igneous rocks compared
to the fieIds of occurrence of the Hawaiian alkalic and tholeiitic suites adapted from

MACDONALD and KATSURA (1964).

veins in other minerals and in some cases as patches of matted fibres pseudomorphic
after pyroxene and preserving ophitic textures towards plagioclase. The plagioclase
occurs as large and smalllaths of andesitic composition. Micrographic intergrowths
of quartz and feldspar are widespread. Scattered laths of paIe green primary horn
blende also occur. Conspicuous among the secondary minerals are apatite in hex
agonal and prismatic sections, zoisite, chlorite, and sphene associated with ore.

Analyses of five specimens of sill rocks are presented in Table 6.
Four af these are of normal sills of which the modes are given in Table
5; the fifth sample (78889) is from a melanocratic zone within a normal
sill. The norms suggest that the sills are of slightly more variable com
position than the lavas, ranging from oversaturated to undersaturated
tholeiites; one sample with relatively low silica (analysis 3) contains a
very littIe normative nepheline. In the plot of Fig. 14, which includes
sills and lavas of Midternæs, Grænseland and other areas, the general
affinity of Ketilidian igneous rocks with the tholeiitic suite is evident.

Comparison of the average Midternæs sill (Table 6, no. 6) with the
average Midternæs lava (Table 4, no. 9) shows broad similarities, with
only Si and Na slightly higher in the sills and total Fe slightly lower.
Very low Ti and K and high H20 are features common to both sills and
lavas and are in line with the view that both intrusions and extrusians
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Table 6. Analyses af sills

6
1 2 3 Il 5 Average

78889 71238 211386 33901 33907 2-5

SiO•.......... 55.73 52.26 1l7.81l 51.62 1l9.83 50.39
TiO•.......... 1.96 1.79 0.57 0.52 0.75 0.91
AI.O•......... 10.83 11.57 15.62 15.28 13.81l H.08
Fe.O•......... 8.29 2.20 2.23 2.16 0.92 1.88
FeO .......... 8.91 12.1l7 5.96 5.01l 9.H 8.15
MnO ......... 0.28 0.17 0.81 0.16 0.17 0.33
MgO ......... 1. 78 1l.31 8.05 7.87 8.60 7.21
CaO .......... 1l.09 8.36 H.31 10.13 7.99 10.20
Na.O ......... 3.93 3.58 2.10 1l.26 3.60 3.38
K.O .......... 1.25 0.1l5 0.57 0.20 0.1l0 0.1l0
p.Os ......... 0.62 0.15 0.08 0.06 0.10 0.10
CO•.......... 1.05
H.O+ ......... 2.81 2.1l0 2.16 2.80 3.80 2.79
H.O- ......... * * * * *
Total ......... 100.1l8 99.71 100.30 100.10 100.19

* Analysis on sample dried at 110DC for 2 hours.

C I PW Norms

1 2 3 Il 5

q ...................... 17.05 3.05
or ...................... 7.38 2.66 3.36 1.18 2.36
ab ..................... 33.21 30.26 15.51 36.00 30.1l3
an ..................... 8.22 H.17 31.Il9 21.97 20M
ne ...................... 1.21
di ...................... 6.72 22.H 31. Il Il 22.32 9.73
hy o •••••••••••••••••••• 7.88 18.06 0.27 17.71
ol ...................... 10.56 11.23 10.32
mt .................... , 12.01l 3.20 3.21l 3.H 1.31l
il

-

3.72 3.1l0 1.08 0.99 1.Il2......................
ap ..................... 1.Il7 0.35 0.19 O.H 0.21l
cc ...................... 2.53

Analysed samples:

Analysis
no:
1 From a melanocratic zone in a sill in the Rendesten Formation north of

Tordensø.
2 Hornblende gabbro sill in the Grænsesø Formation of west Midternæs.
3 Gabbro sill in the Foselv Formation of western north Midternæs.
Il Gabbro sill in the Rendesten Formation of western Nuna qernertoq.
5 Chilled gabbro of same sill as analysis Il.
6 Average of analyses 2-5.

189 Il
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-Midternæs lavas

• Midternæs si lis

o Grænseland silis, one lava and
one tuff (Bondesen, in press)

x Sortis Group volcanics, south of
Arsuk fjord (Henriksen, 1969)

+Nanortalik lava, no 51658
(Escher, 1966)

II

Fig. 15. K20jNa20jCaO variation diagram. a) Analyses of all Ketilidian igneous
rocks. b) Midternæs pillow lavas showing variations between centres and margins

of pillows. The numbers refer to the analyses in Table 4.

were--derived from the same magma chamber. The equivalent Grænse
land analyses (BONDESEN, in press) show the same characteristics. The
K20-Na20-CaO plot of Fig. 15 and the plot of normative Or-Ab-An in
Fig. 16 both emphasize the marked K depletion in the Ketilidian igneous
rocks. There is growing evidence according to BARAGER (1968) that
potash-poor magma may be characteristic of Precambrian geosynclinal
volcanism; the Noranda volcanic belt, the Yellowknife volcanic belt,
the Labrador trough and several other geosynclinal belts in the Canadian
Shield are noted to contain volcanic rocks with a low potash content.

The high water content of the Midternæs sills and lavas may be
indicative of an original rather wet magma, or may reflect the environ
ment of accumulation as submarine lavas and shallow intrusions into
wet sediments. Sedimentary rocks were considered by BARA?ER (1960)
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•

• Midternæs lavas

.Midternæs sills

• Grænseland sills, one lava and
one tuft (Bondesen, in press)

• Sortis Group volcanics, south of
Arsuk fjord (Henriksen, 1969)

Ab,......----.......-'--'''------"'----"----"------l'-----"---"""----->.Or

Fig. 16. Variation diagram of normative An/Ab/Or.

as the source of a high water content in the sills of the Ahr Lake area
of the Labrador trough.

There is some indication of differentiation in some of the sills (see
Table 5) but on the evidence available it is not pronounced. The mel
anocratic zones encountered in some of the sills, usually at high leveIs,
and represented by one analysis (Table 6, no. 1), might be regarded as
late differentiates. In the sample analysed Si and total Fe are greater
than in the normal sills and Mg and Ca are relatively depleted. The
melanocratic gabbro analysis, and one of the lava analyses from south
of Arsuk fjord (HENRIKSEN, 1969), fall outside the main group of plots
on the variation diagrams (Figs. 14, 15 and 16).

14) Pyroclastic rocks

Pyroclastic deposits occur only in the Rendesten Formation. Thick
sequences are exposed in the area south of Tordensø, north of Birkesø
and Perledal, and on the west slopes of Palisaden. Many of these se
quences occur at approximately similar levels of the Rendesten Forma-

4*
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Fig. 1'1. Vo!canic bJ'eccia soulh of Tor'den ø. Traces of bedding may be seen in some
of the large blocks of tufT. Pholo: TIG BA K JE~SE~.

tion succession but it is li!tely that Lhey represent several eruptive
phases. The var·jou deposits cannot and be traced eonLinuously along
their strike and many of them have a lenticular form.

The pyroelastie sequence south of Tordensø has a thickness of at
least 250 m; iL outerops for more than 2 km traced along the strike and
at both extremities of the outcrop is bounded by the Inland Ice. It
begins with 20 Lo 30 m of well bedded tuffs and lapilli tufTs, which rest
on a thick sequenee of banded shales, and continues with a 50 m thick
ulliL of spectacular vo1canie breccias and agglomerates. The latter unit
consists principally of angular to subrounded pebbles and boulders, up
to 30 cm in diameter, of several textural varieties of andesite, numerous

-white aphanitic fragments of per'haps trachytie Ol' rhyolitic composition,
and small and large angular and rectangular blocks of bedded tuLTs
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Fig. 18. Detail of volcani ' bl'eccia. Fragments of beddcd tufT and andesite are ct
in a vitl'ic tufT matrix.

which may be up Lo 2 m by 50 cm in cross-section, 1'hese components
are embedded in a fine-gr'ained paIe grey tufTaceous matrix (Figs,17
and 18). 1'he remainder of this pyroclastic sequence comprises alterna
tions of well bedded tufTs and lapilli tufTs, agglomerates and breccia
agglomerate uniLs, 1'he dimensions of some of the components of this
sequence indicate highly explosive activity and imply that the site of ac
cumulation was probably adj acenL to an eruptive ven L. Yluch of the pyro
clastic mater'jal in this sequcnce is of intermediate Ol' acid composition.

orLh of BiI'kesø occurs a pyroclastic sequence at least 50 m Lhick,
its uppeI' limit being concealed by a Lhick sil!. At thc base of the sequence
occurs a 1 m thick agglomeraLe compI'ising vo1canic bombs of homoge
neous and lightly vesiculaI' lava, angular fragments of bedded LufTs up
to 20 cm in lengtb, sbale fragments up to 7 cm by 2 cm in cross- ection
and scveral dolomite pebhles. 1'hese componeots occuI' in a non-hedded
lapilli tufT matrix paI'tly cemented hy carbonaLe. 1'he agglomel'ate is
over'lain by mostly well bedded tufTs and lapil1i tufTs which exhibit
locally example ol' cross-bedding. 1'he lapilli tufTs contain subroundcd
fragmenLs of pale grey rhyoliLic material, afLen concentrated in layel's
and emhedded in a fine-gI'ained tuIT matrix.

Between Perledal and Sermiligårssuk Bræ Lhere outcI'op scver'al
thick hands of dolomiLic lapilli tufTs and agglomerates. 1'hey compri e
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rounded and angular fragments of glassy or fine-grained vesicular ma
terial, mainly less than 3 cm in diameter, set in a carbonate matrix.
A few shale fragments have been noted in some bands. Bedding is not
pronounced in these bands but a poor sorting is sometimes apparent.

A 75 to 100 m thick unit of tuffs and lapilli tuffs associated with
cherty quartzites and shales outcrops on the west slopes of Palisaden.
In its lower part the unit is non-bedded, but bedding is very pronounced
in the upper part. The tuffs throughout the unit comprise dark glassy
shards and scattered paIe grey rhyolitic fragments. In part of the se
quence there occur curious lens-like accumulations of coarse pyroclastic
material in a sequence of finer pyroclastic material, and in the same area
sedimentary lenses also occur mixed in with the pyroclastics.

All the pyroclastic deposits are associated with or interbedded with
sedimentary rocks. However, their widespread occurrence and the oc
currence of volcanic bombs suggests subaerial distribution and implies
that the sea was of shallow or only moderate depth in the vicinity of
the volcanic vents. A volcanic vent appears to have existed in the
near vicinity of the felsic pyroclastic deposits south of Tordensø.

Of the main pyroclastic sequences many are partly unsorted and
non-bedded, usually in the lower part, and these may represent primary
pyroclastic accumulations. The well bedded parts of the sequences
presumably represent reworked pyroclastic material which may be partly
derived from adjacent areas. Contemporaneous erosion of loosely ac
cumulated pyroclastic material may account for the scattered distribu
tion of the preserved sequences.

The nature of the pyroclastics varies considerably from area to area.
Petrographic descriptions of some rock samples are given below.

Vo1canic breccia (25n2). South-west of Tordensø.
CoIlected in a sequence of the type illustrated in Fig. 18, and in the same

general area.
The hand specimen consists of several rounded to subangular fragments of

porphyritic andesites with variable textures which are set in a paIe grey-white
porcelaneous matrix. In thin section the andesite fragments comprise phenocrysts of
clinopyroxene and probably plagioclase, now more or less completely altered to
chlorite, epidote, calcite and secondary albite, in a groundmass of microlitic plagio
clase. The tuff matrix between the andesite components is very fine-grained and
contains an abundance of microlites.

Lapilli tuff (25739). South-west of Tordensø.

From a large boulder in the volcanic breccia sequence partly shown in Fig. 17.
The specimen consists of numerous grey-white rounded to angular, often rect

angular, rock fragments up to 1 cm in diameter in a dark grey matrix. Some of the
fragments show banding but most have a uniform texture. In thin section the grey
white components consist of an abundance of microlites and it is possibIe that some
of the components are acid aphanitic igneous rocks. However, the banding in some
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fragments suggests that some of them may be derived from tuffs deposited earlier.
The dark grey matrix is revealed in thin section as a complex meshwork of micro
lites, pyroxene and plagioclase phenocrysts, and very numerous crescentic and
spicule-like shards which are opaque or nearly so and consist of devitrified volcanic
glass.

Tuff (71379). West slopes of Palisaden.

Collected in the upper well bedded part of the thick tuff sequence.
A bedding lamination is not conspicuous in the hand specimen but the numerous

small angular lithic and other fragments do exhibit a preferential alignment. In
thin section the rock is seen to comprise a closely compressed network of devitrified
glass shards and scattered lithic fragments. The lithic components consist of abundant
microlites and numerous opaque partieles. Secondary carbonate, sericite, chlorite
and quartz are common produets of alteration.

Dolomitic lapilli tuff (71461). North-west of Perledal.

Collected from an extensive dolomitic sequence of which pyroclastic rocks are
the most important part.

The rock consists of closely packed dark grey lithic fragments up to 3 cm in
length which may be angular or rounded ; most of the small fragments are fairly
well rounded. The matrix is carbonate. In the thin section it is apparent that the
whole rock is thoroughly indurated by carbonate and some of the lithic components
are only preserved in outline. A few of the lithic components preserve a banding
which suggests they may be derived from a tuff. The best preserved of the rock
fragments contain abundant opaque material and under high power plagioclase
laths and sericite ean be discerned.

15) Sedimentary rocks of the Sortis Group

Sedimentary rocks form important sequences in the Sortis Group
in the Palisaden, Birkesø and Tordensø areas. They are most abundant
at the levelof the Rendesten Formation where they are associated with
pyroclastic rocks, but thin bands are also present at various levels of
the Foselv and Qernertoq Formations. The most common sedimentary
rock types represented are banded shales and siltstones, quartzites,
cherts, calcareous shales and thin impure dolomites. A few restricted
rock types are sufficiently distinctive locally as to be of some use strat
igraphically.

Banded shales and siltstones (Fig. 19) are the most common of the
Sortis Group sediments and make up very thick sequences. In colour
they are usually dark grey or black, but some examples weather red
brown or red. For the most part they possess either a good bedding
fissility or a secondary cleavage, sometimes both, along which they
weather readily to form shaly screes which often obscure details of
stratigraphical variations. The banding of the rocks varies from a fine
layering on the scale of a few millimetres to bands each 20 cm or more
in thickness, which retlect small rhythmic variations in grain size and
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Fig. 19. Finely laminated shales and siltstones. Thin carbonate layers are weathered
out. Pencil (arrowed) is scale.

composition. Rarely slumping and cross-bedding have been recorded.
Microscopic examination has revealed that much of the banding com
prises alternations of layers of fine silt and coarse silt grain size, and
that the fine silt layers are normally the thicker of the two layers. In
some rocks the grain size of the coarser layers may reach that of fine
sand.

Along the southern edge of the nunatak south of Tordensø there
outcrops a distinct variety of banded siltstone characterised by the large
scale of Lhe banding (Fig. 20). Bands of coarse siltstone up to 40 cm and
rarely 1 m thick alternate with finer-grained siltstone bands. The latter
are normally darker in colour and weathered preferentially. Very similar
rock types but with less pronounced banding occur in the Rendesten
Formation of northern Midternæs. Rocks of identical appearance have
been recorded by BONDESEN (1962; in press) in the Rendesten Formation
of north Grænseland.

Impure orange-brown dolomites have been noted at various levels
of the Sortis Group but are usually thin and impersistent. Dolomite
cemented pyroclastics have been observed north of Perledal, and occa
sional carbonate-bearing layers have also been noted in some banded
shale sequences where they may weather out preferentially (Fig. 19).
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Fig. 20. Banded sillsloncs. Soulh of TOl'densø.

Quartzites and cherts are 10caUy of importance. Chert beds several
metres thick and locally of mappable pr'oportions occur particulady at
the top of certain thick lava nows, the best examples outcropping in
western north Midternæs. 1'wo 10 to 15 m Lhick chert and jasper' lenses
several hundred metres in extent have also been noLed in the oLherwise
monotonous pillow lava successions on . una qernertoq. Thick cherty
quartzites occur interbedded with shales and pyroclastics in western
Palisaden, and in the northern cliffs a chert band was noted containing
appreciable ore, 17.33 0J0 Fe20 3 and 4.00 0J0 FeO by weight (analysis
IB SØRE SEN). Within the thick pilJow lava sequences chert frequently
occurs in spaces between adjacenL pillows, and mayalo occupy the
cavities within some pillows.

Adistinclive develapment af chert lenses and layers in a deeply
stained blue-black pelitic matrix has been ob erved at several levels of
the Rendesten Formation easL of Tordensø and in western Tuna qerner
toq (Fig. 21). An idenLical rock type has bcen noted by JJO~DESEN

(1962, Fig. 115) in the Rendesten For'maLion of Græn eland. The lens
development appears to be an Ol'iginal sedimentary feature although
BO:'\DE EN considers they may have developed from the boudinage of
competent qUaI'tzitic layers.

Most of the sedimentary rock types of the Sortis Group are repre
sented also in the Vallen Group described earlier; only a few petrographic
descriptions of Sortis Grotlp ediment are therefore given here.



58 A. K. HIGGINS II

Fig. 21. Chert lenses in a shale matrix. South of Tordensø. Photo: TIG EA K J E 'SE '.

Banded siltstone (78892). Nunatak south of Tordensø.
From a coarse siltstone band of the banded siltstones (Fig. 20) at the south

margin of the nunatak.
The hand specimen consists of grey-white and orange-grey layel'S of which

the laller are finely bedded. In thin section lhe rock consists of a closely packed
mosaic of quartz and feldspar grains in proportions af approximalely 2: 1. In parts
of the slide the grains are rimmed by a meshwork of Ilne sericite shrcds, bul more
commonly the bounda"ies between adjacent grains are sutured as a consequence
af recrystaJlisation Ol' solution. Tlle feld par is mainly aIbitic plagioclase. The grain
sizes vary belween those of coal'Se silt and fine sand, mO t grains being between
0.02 mm and 0.1 mm diameter.

Quartzite (78894). Southern west Midternæs.

From a thick quartzitic sequence at the base of the Rendesten Formalion.
The hand specimen is paIe grey in colour and the detrital grains are clearly

visible on fresh surfaces. In the thin section a mosaic of quartz grains and an oc
casional fcldspar grain occur in a matrix of fine sericite fibres, micJ'ocrystalline
quartz and alittle calcite. The grains are mainly belween 0.1 mm and 1.0 mm in
diameter and lhey all exhibit undulo'e extinction due to strain.

Spolled shaIe (7'1270). outhern Midternæs.

Collected from an area of banded shales and siItstones in which dark spots
were conspicuous.

] ark ovoid spots up to 3 mm in diameter occur throughoul the specimen and
obscUt'e the bedding which i only discernable on the sectioned surface. In lhin sec
tion lhe material belween the spots is revealed under high power as a very fine-
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grained network of sericite fibres and submicroscopic quartz, disseminated carbon
aceous material and scattered silt-sized quartz grains. The larger quartz grains and
clots of carbonaceous material occur as inclusions within the spots whose optical
properties are insufficiently distinctive for identification purposes. The spots are in
dividually roughly oval in section but several spots frequently coalesce. A dark
rim of carbonaceous material or a border of microscopic quartz, or both, may sur
round the spots. NIELS OLESEN (personal communication, 1968) has examined similar
material collected from the same locality and observed traces of twinning in some
of the spots which he identifies as strongly sericitised cordierites.

PurpIe shale (71384). Palisaden, northern Midternæs.

Collected from a sequence of banded shales, siltstones and pyroclastics on the
north-west slopes of Palisaden. .

The hand specimen is a finely foliated shale, purpIe in colour on weathered and
fresh surfaces. In the thin section considerable amounts of opaque carbonaceous
material are apparent and accentuate a very fine layering. Submicroscopic quartz
grains and sericite fibres form thin lenses and layers, and silt-sized quartz grains
occur disseminated through the slide. Recrystallised sericite laths occur mainly
parallel to but also across the layering.

Dolomite (78838). North-west of Perledal.

From a dolomitic sequence which includes important pyroclastic deposits
cemented by dolomite.

The specimen is orange-brown on the weathered surface and grey on fresh
surfaces. It appears to consist of numerous fragments of dolomitic rock cemented
together by carbonate, and contains a number of spherical objects up to 8 mm in
diameter which may be of organic origin. In thin section the boundaries of the com
ponent fragments and the internal structures of the spherical objects have been
masked by recrystallisation. The slide consists of a mosaic of carbonate minerals,
disseminated carbonaceous material, a few l~nses of microscopic quartz and scattered
grains of ore.

16) Conditions of deposition of the Sortis Group

The Sortis Group in Midternæs has a total thickness of the order
of 4800 m. Of its three formations the first and third are composed mainly
of lavas and intrusive sills, and the second, while largely sedimentary,
includes important felsic pyroclastic rocks and numerous thick sills.

The Foselv Formation can be taken to represent the initial extrusive
phase and consists largely of thick pillow lava flows. The thickness of
the formation varies quite considerably from area to area and may
total between 150 m and 900 m. The extreme thickness variations are
presumably a consequence of disparity in the distribution of volcanic
vents and the volume of lava extruded from them. The total thickness
of the flows implies eitller that the sea was very deep, or more probably
that subsidence of the sea floor kept pace with the rate of lava accumula
tion. Sedimentary rocks are restricted to a few thin bands between pil
low lava sequences and presumably were deposited in the intervals be
tween the extrusion of successive flows.
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The Rendesten Formation composed in some areas of very thick
sedimentary sequences ean be regarded as representative of a relatively
quiescent phase of the volcanic episode, although intermittent extrusion
of some significance appears to have continued in areas such as northern
and central Midternæs where the Perledal Volcanic Complex is found.
The very varied thicknesses of sedimentary rocks in different areas may
be related to an undulating sea floor topography at the time of deposi
tion and it has been noted that the thickest development of the Rende
sten Formation occurs in those areas where the Foselv Formation is
thinnest. The sedimentary rocks are for the most part finely banded
shales and siltstones whose original source is uncertain; it is possible
that the sedimentary material was brought in by turbidity currents as
has been proposed by BONDEsEN (in press). The wide occurrence of
pyroclastic material and the occurrence of volcanic bombs suggests that
the material was partly distributed subaerially, and that the sea was
therefore of only moderate depth in the vicinity of the volcanic vents.
Much of the Midternæs pyroclastic deposits have been reworked by cur
rent action and exhibit bedding and sometimes cross-bedding, suggestive
again of moderate sea-depths, but the basal part of some pyroclastic
sequences is unsorted and non-bedded and these may represent primary
accumulations.

The dimensions of the felsic pyroclastic material south of Tordensø
are indicative of explosive volcanic activity and suggest close proximity
to the eruptive vent. The eruption of acid to intermediate volcanic
rocks in this area more or less synchronous with the eruption of basic
rocks in the Perledal area might indicate that the source magma
chamber was tapped at several different levels.

The Qernertoq Formation may be taken to represent aseeond
major basic extrusive phase of the Sortis Group volcanic episode. The
proportion of sedimentary material is negligible and about 75 % of the
more than 2200 m thick formation on Nuna qernertoq is composed of
pillow lavas. Unbroken pillow lava sequences hundreds of metres thick
imply that subsidence of the sea floor again kept pace with lava accu
mulation.

Basic sills are an important constituent of the Sortis Group and
occur at alllevels ; they are particularly conspicuous in thick sedimentary
sequences. These intrusions are for the most part fine- to medium-grained,
suggesting fairly rapid cooling. Their very irregular form in the sedi
mentary sequences together with the grain size might be taken to in
dicate intrusion under inconsiderable confining pressure at perhaps a very
shallow depth. The chemical analyses of lavas and sills are in general
accordance with a derivation from the same parent magma, and it seems
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most probable that both extrusion and intrusion of basic rocks took
place concurrently, the sills being injected into the aIready deposited
lavas and sediments at a shallow depth perhaps as further lavas were
extruded at a somewhat higher level. It is of interest that few intrusions
occur in the Vallen Group, whose sediments might be considered to have
attained a degree of compaction prior to the onset of Sortis Group vol
canic activity.

In the Ivigtut region Vallen Group sediments succeeded by Sortis
Group volcanic rocks are known in Grænseland (BONDESEN, in press)
and a similar approximately equivalent sequence is known on Arsuk ø
(MULLER, in prep.).

Towards the south the Vallen Group and Sortis Group thin and
at Qipisarqo are overlain by a new succession of sediments and volca
nics. The next well preserved sequence of Ketilidian sediments and vol
canics is found in the Tasermiut fjord region 150 km to the south-east
(ESCHER, 1966).

The Ketilidian supracrustal rocks are generally thought to represent
the geosynclinal stage of the Ketilidian orogenic cycle, but ALLAART
et al. (1969) have observed that their present known areal extent is
so limited that the term "geosynclinal" should be viewed with some
reservation.

The Ketilidian succession is similar in many respects to volcano
sedimentary assemblages described from several areas of the Canadian
Shield (BARAGER, 1960; GOODWIN and SHKLANKA, 1967) and their con
ditions of accumulation may be comparable. GOODWIN and SHKLANKA
develop the concept of volcano-tectonic basins in which a tectonically
controlled distribution of felsic eruptive centres with associated dif
ferential subsidence leading to basin development is viewed as the
prime cause of interrelated mafic to felsic volcanic and sedimentary
facies. The tectonic influence on the Ketilidian sedimentary environ
ment is evident in the deposits of the Vallen Group and the Rendesten
Formation. It is not certain but it is possibIe that the subsidence of the
Ketilidian sea-floor during Sortis Group time was directly linked to the
eruption of large quantities of magma with consequent withdrawal of
crustal support leading to regional subsidence. However, it may be
noted that Ketilidian felsic pyroclastic rocks are known only in a re
stricted area in Midternæs in contrast to their widespread occurrence
as pyroclastics and lava flows in the areas described by GOODWIN and
SHKLANKA.



62 A. K. HIGGINS II

17) Metamorphism of the Ketilidian rocks

The Ketilidian strata of Midternæs have suffered a weak regional
metamorphism but retain for the most part their original sedimentary
or igneous characters and textures.

New mineral growth in the siltstones and shales is evident in the
recrystallisation of disserninated sericite to form small muscovite laths
usually arranged parallel to the bedding and in a very few cases oriented
in irregular patches parallel to a secondary schistosity. Secondary growth
of the component crystals of some feldspathic sandstones, quartzites and
dolomites, resulting in some cases in sutured margins between grains, is
probably largely a consequence of regional metamorphism.

The igneous Ketilidian rocks, notably the sills, show mineral altera
tions which may be partly deuteritic but are probably mainly of met
amorphic origin. The most common alterations are the sericitisation and
saussuritisation of the feldspars and the partial breakdown of pyroxene
to fibrous actinolite; fibrous chloritic patches also occur in many thin
sections of sill rocks. Small amounts of probably stilpnomelane occur in
some arkoses and siltstones and larger amounts are found in some
melanocratic sill rocks.

On the basis of the petrographic observations the Ketilidian strata
of Midternæs can be regarded on the whole as regionally metamorphosed
under low greenschist facies conditions.

Southwards from Midternæs, as has been illustrated by WINDLEY

et al. (1966, p. 33), the grade of regional metamorphism of the Ketilidian
rocks increases rapidly, reaching high greenschist facies in South Grænse
land and almandine amphibolite facies (WINKLER, 1967) between Arsuk
Fjord and Qornoq. The increase in metamorphic grade is accompanied
by an increase in the degree of deformation of the border zone between
the Ketilidian strata and the underlying gneisses.

At the contact with some thick Sortis Group sills the sediments often
have a compact flinty appearance, and relative to sediments elsewhere
are more resistant to weathering. Other evidence of contact metamor
phism is lacking, perhaps as a consequence of rapid cooling of the sills
and the nearby counting rocks under the low confining pressures which
are thought to have existed at the time of intrusion.

Some of the most noticeable effects of metamorphism are in fact
those apparent in the immediate vicinity of some of the larger post
Ketilidian dolerite dykes where contact metamorphism has resulted in
the formation of serpentine, actinolite and other minerals in dolomites
of the Vallen Group. In banded siltstones adjacent to dykes dark ovoid
spots which are probably cordierite (see p. 58) may be conspicuous.
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The spots are up to 3 mm in diameter and postdate a cleavage in the
siltstones: the axial plane cleavage of second phase folds.

18) Correlation with Ketilidian rocks of other areas

Ketilidian supracrustal rocks are found in two main regions in
South-West Greenland: the Ivigtut region and the Tasermiut fjord
region. No strict correlation between these two regions, which are sep
arated by 150 km of granite and gneiss, is possibIe although there are
basic similarities in the successions. In this section only correlations
within the Ivigtut region are considered.

The Ketilidian rocks of the Ivigtut region outcrop in a belt along
the margin of the Inland lee, in Kobberminebugten and on Arsuk 0
(Fig. 2). They are considered by ALLAART et al. (1969) to have a
fourfold succession, sediments-volcanics-sediments-volcanics, of which
the lowest part comprising the Vallen and Sortis Groups and their
lateral equivalents is preserved in the northern part of the belt and on
Arsuk 0. Towards the south the Vallen and Sortis Groups apparently
thin, and at Qipisarqo near Kobberminebugt seem to have a total
thickness of less than 1000 m. At Qipisarqo they are apparently over
lain by a further succession of sediments and volcanics traceable along
the south margin of Kobberminebugt comprising the Qipisarqo and
Ilordleq Groups with an estimated total thickness of 5000 m (ALLAART
et al., 1969; WATTERSON, 1965). Recent observations by GHISLER
(1968, p.48) have, however, raised the possibility that the Ilordleq
Group may be of pre-Ketilidianage.

The general Ketilidian successions in Grænseland, Arsuk 0 and
Midternæs and the most likely correlations between the areas are shown
in Fig. 22.

The general good correlations between Midternæs and Grænseland
have been previously noted by HIGGINS and BONDESEN (1966). In this
paper correlations with the type area of Grænseland have been made
on formation level, and a new formation, overlying the Rendesten
Formation and not represented in the type area, has been established
and named the Qernertoq Formation. In north Midternæs a lateral
variant of part of the Rendesten Formation comprising lava flows, a
rock type not apparent in the type area, has been distinguished as the
Perledal Volcanic Complex. The distribution of the formations of Midter
næs and Grænseland are indicated in Plate 4.

There are many similarities between the successions of Midternæs
and Grænseland and that of Arsuk 0 (Fig. 22). MULLER'S lower group
comprising largely sediments ean be correlated with the Vallen Group
and his volcanic group is equivalent to the Sortis Group. Correlations
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on formation level are less certain because of breaks in the succession
of the lower group and the general uniformity of the upper group; there
is no apparent equivalent of the pyroclastic-sedimentary development of
the Rendesten Formation on Arsuk 0. The volcanic succession on Arsuk
o has, however, a total thickness similar to that of the Sortis Group
succession on Midternæs. It may be that in Rendesten Formation time
lavas were extruded in the areas represented by Arsuk 0 and northern
Midternæs, and the Perledal Volcanic Complex might have an equivalent
in the middle part of the volcanic group on Arsuk 0.

The lateral variability in lithology of the formations of the Vallen
and Sortis Groups, particularly of the Rendesten Formation, opens the
possibility that the Qipisarqo Group at Qipisarqo may not overlie the
Sortis Group, but might be a lateral variant of the Rendesten Formation
and overlie the equivalent of the Foselv Formation. This possibility
has also been put forward by BONDESEN (in press). Such a hypothesis
overcomes any difficulty of explaining the dramatic reduction in thick
ness of the Vallen and Sortis Groups from a total of at least 5000 m in
Midternæs to less than 1000 m at Qipisarqo 110 km to the south but
involves instead explanation of considerable variations in facies. The
thick and extensive conglomerates of the Qipisarqo Group are con
sidered by ALLAART et al. (1969) as indicative of a sharp change
of conditions of deposition together with considerable changes in the
relief of the surrounding area; no deposits comparable to the Qipisarqo
conglomerates are known in the Rendesten Formation of Midternæs or
Grænseland.

The possibilities and problems of correlations between South-West
Greenland and the Canadian Shield are reviewed by ALLAART et al.
(1969).

19) Dykes

The Ketilidian rocks of Midternæs are cut by a large number of
dykes most of which are presumed to be representative of the Gardar
swarms which are widely distributed in South Greenland between Kap
Farvel and Frederikshåbs Isblink (BERTHELSEN and NOE-NYGAARD,
1965). A complex network of intersections between dykes particularly
in northern Midternæs has permitted a detailed dyke chronology to be
established. The principal dykes and intersections are shown on the
geological map (Plate 5); the dominant dyke trends and the sequence
of intrusion are also depicted in Plate 2.

The characteristic features of the main phases of dyke intrusion
are briefly outlined below, but no petrological details are given.

189 5
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Metadolerites (MDs)
A few NW-trending metadolerites cut the pre-Ketilidian rocks of

the west peninsula of Midternæs, but none occur in the vicinity of the
Ketilidian unconformity and their age relative to the Ketilidian strata
cannot be demonstrated.

Porphyritic '120' dykes
Between 25 and 30 dykes cross western Midternæs in a well defined

swarm about 9 km broad. Their strike varies locally but is generally
in the range 105° to 130°. Most of the dyke individuals are between
5 m and 15 m wide; one example is locally 40 m thick. The dykes are
generally dark coloured dolerites characterised by conspicuous plagio
clase phenocrysts which are sometimes arranged in stellate clusters; a
few non-porphyritic dykes are also known.

The '120' dykes are the earliest of the dykes which ean be shown
to cut Ketilidian strata. They were first recorded in Grænseland by
BONDESEN (1962; in press) and recent mapping has shown that the
swarm continues north-westwards for at least 100 km to the vicinity of
Frederikshåb town. These dykes are not metamorphosed in Midternæs
or areas farther north but are recorded by BONDESEN (in press) as weakly
metamorphosed in Grænseland where they mayaIso have suffered weak
shear movements.

'140' dykes
Examples of grey to grey-black dykes up to 8 m wide and with

rather variable trends between 100° and 150° outcrop in parts of eastern
Midternæs and on the two large nunataks south-east of Midternæs.
There are many intersections between the '140' dykes and the later
"BDs", but the relative age of the '140' and '120' dykes is unknown.
A few scattered examples of dykes of similar trend and age relations
to those of the '140' dykes are found in areas north of Midternæs.

Lamprophyres, brown dolerite dykes and a few trachyte dykes all
of presumed Gardar age postdate the '120' and '140' dykes. All the Gardar
dykes have NNE to E-W trends which are in marked contrast to the
general NW trends of the '120' and '140' dykes. Recent paleomagnetic
work on the Midternæs dykes (BULLOCK, 1967) gives consistent results
for the presumed Gardar dykes, but the earlier dykes in common with
Ketilidian lava flows are characterised by low susceptibility, intensity
and stability. The '120' and '140' dykes may have been affected by the
weak Ketilidian metamorphism.

Lamprophyres
Dark coloured lamprophyric dykes up to 5 m wide occur through

out Midternæs. They are often rendered conspicuous by the presence
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of calcite-filled vesicles. The trends of the lamprophyre dykes vary be
tween 35° and 100°, but most examples have trends within the limits
55° to 75°.

It is not certain that all the Midternæs lamprophyres are represent
ative of the same phase of intrusion since the relative age of only a
proportion of the dykes can be determined from intersections. However,
several lampraphyres cut examples of the '120' and '140' dykes and
others have been noted as being displaced by the earliest of the 'brown
dyke' intrusive phases. It would appear that a proportion of the lampro
phyres represent the earliest manifestation of the NE-trending Gardar
dyke swarm in the Midternæs area.

Brown dykes (BDs)

Brown weathering doleritic dykes are the most conspicuous and
most abundant of the Gardar dykes and are common in South-West
Greenland south of Frederikshåb. In the Ivigtut area regional mapping
has led to the distinction of three or four successive phases of BD in
trusion (BERTHELSEN, 1958; AYRTON, 1963; WEIDMANN, 1964; BONDE
SEN, in press).

In north Midternæs a local chronology of seven successive phases
of BD intrusion has been established from intersections (Plate 2). Of
the seven BD phases only three are of importance; of the others, three
phases are represented by only a single dyke, and one phase probably
by two dykes. Detailed correlations between the Midternæs BDs and
those of adjacent areas have not been made but the succession of three
important phases is comparable to the general chronology of the Ivigtut
area.

The principal trends of the Midternæs BDs are summarised in the
rose diagram of Plate 2, but the three peaks in NNE, NE and ENE
directions do not correspond to the three main BD phases. Dykes of
the same intrusive phase tend to be parallel to each other, but there is
also parallelism between dykes of different phases; the dykes of phases
1, 3 and 4 have similar trends and the two dykes representing phases
2 and 6 are parallel. It mayaIso be noted that some dykes have been
diverted for distances of up to 2 km along pre-existing fault planes,
and that the irregularities in trend of the thickest phase 5 dyke in north
east Midternæs are due to local diversions along the junction between
Vallen Group sediments and Sortis Group lavas.

The main characteristics of the seven BD phases of Midternæs are
summarised belaw:

BD
Phase 1: three examples up to 60 m wide with trends af 78° to 80°.
Phase 2: one dyke up to 70 m thick with a trend of 52°.

5*
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Phase 3: three or four examples up to 60 m wide with trends of about
80°; usually grey in colour and more resistent to weathering
than any of the other BD phases.

Phase 4: one or two grey-brown dykes up to 30 m wide and with
trends of 85°.

Phase 5: at least four examples up to 150 m in width and with trends
of 65° to 70°.

Phase 6: one known example, possibly several others, up to 20 m wide
and with trends of about 52°.

Phase 7: one dyke up to 70 m wide with a trend of 42°.

Phenocrysts and xenocrysts of anorthositic composition are con
spicuous in many of the Gardar dykes of South-West Greenland (BRIDG
WATER and HARRY, 1968). In Midternæs they have been observed in
several dykes of phase 1 and 5 age, usually concentrated along one or
both margins.

Trachytes
A number of trachytic dykes varying in colour between grey and

pink have been observed in various parts of Midternæs. These dykes are up
to 3 m wide and have trends of between 50° and 70°. Intersections with
other dykes are insufficiently numerous to define their chronological
position, but one of the trachyte dykes post-dates a phase 4 BD.

Kimberlites
A few thin kimberlite sills containing lherzolite nodules occur in

southern west Midternæs. They have been observed to cut two dykes
of probable Gardar age. ANDREWS (1969) has investigated a similar
kimberlite occurring as a dyke in the eastern part of the Frederikshåb
district and found that the nodules were of deep-seated origin.



III. STRUCTURE

1) General

The Ketilidian strata of Midternæs have undergone mild folding
accompanied by very littie internal deformation; the pillow lavas and
the spherical fossil Vallenia, except very locally, exhibit no modifica
tions in shape. Southwards from Midternæs there is an increase in the
intensity of deformation accompanying the increase in metamorphic
grade (WINDLEY et al., 1966).

Major and minor folds, thrusts and fauIts affect the Ketilidian
rocks of Midternæs. Most fold structures have been observed in the
sedimentary rocks and a consideration of their style, geometrical prop
erties and relationships to one another has permitted the distinction of
several phases of folding.

Phase 1 (F1) folds are close to isoclinal recumbent folds and phase
2 (F2) folds are open to tight structures with ENE-trending steeply
inclined axial planes. Both are considered to be of Ketilidian age. The
age of the comparatively unimportant phase 3 (F3) folds is uncertain.

An ESE-WNW trending zone of south dipping thrusts, the Andesø
thrust zone, is cut by the '120', '140' and brown dykes. Its age is prob
ably Ketilidian.

Most of the faults ean be referred to a conjugate system. Some of
the faults moved during Ketilidian deposition, and further movements
took place on various faults during and after intrusion of the Gardar
dykes. Minor conjugate folds and kink folds appear to bear some rela
tionship to faulting and their period of formation could be as extensive
as that of the fauIt movements.

The major change in strike of the Ketilidian strata from NW-SE
in west Midternæs to E-W in north Midternæs is difficult to interpret
solely in terms of the folding and thrusting described in the folIowing
pages, although clearly these structures have influenced the outcrop
pattern. It seems probable that very large scale regional warping of
the Ketilidian rocks and the underlying pre-Ketilidian basement pre
ceded the development of mesoscopic folds in the Ketilidian strata. The
warping might be a consequence of unequal subsidence of the Ketilidian
sea floor during the accumulation of the Ketilidian rocks.
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Fig. 25. Large scale recumbent F I fold in massive quarLzites ouLh-west of Akulia
rutsip Limilerssue. The fold axis of the structure dips at a low angle in a TE direction.

Bedding plane measurements are analysed in Fig. 23; from this the
major swing in strike de cribed above may be appreciated. The wide
spread of plots in each subarea may be attributed to a number of factors,
including incon istencies in orientation introduced by the intrusion of
lenticular si]] , di tortion due to F l deformation and, most noticeably,
the influence of major F 2 E 'E folding (Fig. 23, subareas a & c).

The axial plane traces of the main Ketilidian fold stl'uctures which
have been recognised are shown in Figs. 24, 27 and 31.

It should be mentioned that in his preliminary investigations of
Midternæs OEl ING SOEN (1960) had aIready recognised l'efolding in
the sediments (the interfel'ence of F l and F 2 of this paper). He also
observed open E-SW trending folds (FJ and noted an ENE-trending
vertical cleavage in the sediments and loca]]y in the lavas (the F 2 axial
plane cleavage).

2) First phase folds and thrusts

The folds in the I etilidian strata distin l7uished as fir t phase struc
tures are close to isoclinal shear folds. They are most commonly observed
as minor folds but major folds of about 100 m amplitude are alSO known
(Fig. 25). These F1 structures are not uniformly developed. They have
not been recognised in the lavas and sills of the ortis Group and their
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distribution in the sedimentary rocks varie widely from area to al'ea.
The majority of folds obseI'\Ted appeared to be overturned towards the
south, but exeeptions to this general rule have also been reeorded.

The F1 struetural data are analysed in Fig. 26. The wide variation
in the plots ofaxial plane poles ean be largely aLLl'ibu ted to F 2 refolding;
the initial axial plane orientation was pI'obably flat lying and subparal
lel to the bedding. Of the F 1 fold axes whieh eould be measured most
plunge at low angles between NE and El E. Where F 2 folding is well
developed F l struetUt'es are diffieult to reeognise, but a streaky lineation
possibly af Flage has oeeasionally been tl'aeed over the erests of } 2

minor folds.
F I folding is particularly strongly developed on the plateau area

west of Akuliarutsip timilerssue (Fig. 26, subarea d and Fig. 27). Iso
elinal minor folds are eonspieuous in the Caleareous Membel' here and a
number of major folds ean be distinguished. In this area the plane af
uneonformity has been deformed and sheared and pre-Ketilidian gneis
ses form the eores af several tight major F 1 anLielines (Fig. 27). In this
zone of intense disturbanee the ba al Ketilidian uceession is loeally
ineompletc, the Sandstone Member beinO' either teeLonically reduced in
thickness Ol' absent.

orth af Birkesø shearing has been obsel'ved locally at the plane
of uneonformiLy and extends to a depth of wout 2 ID into the Tartoq
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Group schists beneath the unconformity. The shearing is quite probably
of Flage. Shearing along the plane of unconformity is a common feature
in Grænseland (BoNDEsEN, in press), and farther south the unconformity
becomes progressively more deformed (WINDLEY et al., 1966).

F 1 folds are less common in the Sortis Group than in the Vallen
Group but have been noted in the thicker sedimentary sequences, partic
ularly in the area south of Tordensø. In the relatively competent se
quences of pillow lavas and sills folding is absent, but FIstresses appear
to have been accomodated by movements along low angle thrust planes
at several leveIs. The occasional sills in the Vallen Group have for the
most part behaved as competent bodies, but some thin sills have suffered
intense shearing. The thrust plane between the Vallen and Sortis Groups
in some parts of Midternæs, which locally transgresses and cuts out part
of the Grænsesø Formation, may be of Flage.

3) Second phase folds

The main folding of the Ketilidian rocks of Midternæs is of phase
2 age. F 2 folds occur commonly on both a major and minor scale; they
are shear folds with steeply inclined ENE-trending axial planes with a
degree of elosure varying between open and tight. The axial plane
traces of major F 2 folds are shown in Fig. 24.

Minor F 2 folds are usually only observable in the sedimentary rocks,
particularly in sequences of banded siltstones and calcareous shales (Figs.
5 and 28). An F 2 axial plane cleavage is often visible and may be a stronger
parting plane than the bedding (Fig. 29). The cleavage is particularly
pronounced in southern Midternæs, where it is also apparent in the im
mediately adjacent pre-Ketilidian gneisses. The analysis of structural
data from F 2 minor folds appears in Fig. 30. In all subareas plots of poles
to axial planes indicate a consistent steep dip and a strike generally
between 500 and 70°. In subarea b minor fold axes plunge either NE
or SW at low angles, but in the other subareas a low NE plunge is pre
valent; the variations in plunge direction partly reflect the variations in
regional bedding orientation viz. a southerly inc1ination in northern
Midternæs and a north-east inc1ination in western Midternæs.

The best examples of major F 2 folds occur north of Birkesø where,
between the plateau area and Sermiligarssuk Bræ the unconformity is
clearly deformed (Fig. 31). It is clear that the Tartoq Group schists
which occupy the F 2 anticlinal fold cores have accomodated F 2 deforma
tion but only a few minor folds of definite F 2 age have been recorded
from these schists, or from the adjacent areas of gneisses (Fig. 30, sub
area c).
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Fig. 28. Well developed F. foldina in calcal'eous shales. outh of Akuliarutsip
timilerssue.

Fig. 29. Banded shaJe with F. folding and a strong axial plane cleavage. orth-wcst
of PerledaI.
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A number of major F 2 folds have becn recognised in the Sortis
Group (Fig. 24) but in general the complex outcrop pattern and the
distortion of bedding orientation eaused by the lenticular intrusive
bodies considerably hinders interpretation. Occasional shear zones paral
lel to the F 2 axial plane orientation have been observed in several areas,
in particular north of Birkesø. A steep axial plane cleavage with as
sociated F 2 folds ean be observed not uncommonly in the Sortis Group
sediments, and a similarly oriented weak cleavage may occasionally be
noted in pillow lava sequences. The shapes of pillows appeal' to be
generally unafrected by deformation (Figs. 7 and 8).

4) Third phase folds

Between Birkesø and Tordensø it proved possibie to distinguish a set
of minor folds with con i tently gently inclined axial planes. They have
a brittle appearance often with fraetures parallel to the axial planes
(Fig. 32) and have been di tingui hed as F3 strucLu res. Compared to the
F l and F2 structures thcy are of littie importance. The few measurements
of F 3 structures are given in Fig. 33.

The F 3 folds may be representative of but one Df several phases of
minor folding which afTecL the Ketilidian rocks. Other minor folds are
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Fig. 32. Weak Fs folding with a low-angle axial plane cJeavage. South-east of
Akuliar'ulsip limileJ'ssue.
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Fig. 33. Fs structural data.

considered in a la Ler section togeLher with conjugate fold structures.
The age of the F 3 minor folds is difficult to assess. Their brittIe appear
ance suggests they may have developed towards the end of orogenic
deformation.
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5) The Andesø thrust zone

A zone of southward-dipping thrusts may be traced across Midter
næs from east to west. The zone is conspicuous near Andesø in eastern
Midternæs and westwards is displaced dextrally by two major NE fauIts
before reaching Sermiligårssuk Bræ (Fig. 24).

In Midternæs the thrust zone may comprise a single thrust plane,
or as on the north side of Perledal a large number of related, branching
thrust planes. The individual planes of movement are inclined at usually
40° to 60° southwards but occasional higher and lower dips have been
noted. The thrust planes are marked by mylonite zones which may be
several metres broad and have a shaly consistency. Layers and lenses of
secondary chert may occur in the mylonites. West of Perledal the line
of individual thrusts is sometimes difficuIt to define since they frequently
follow the natural boundaries between sedimentary layers and sills or
lava flows.

The degree of movement on the thrust zone is not easy to compute
due to the difficulties of correlating the successions on either side of the
zone but it appears to be considerable. It can be said that the rocks
south of the thrust zone have been thrust over the rocks to the north.

The line of the thrust approximately separates an area of Ketilidian
strata to its south with a regional NW-SE strike from an area to its
north with a regional E-W strike. The change in strike direction may
be a consequence of large scale regional warping as has aIready been
noted, but movements on the thrust appear to have accentuated the
differences. Near Andesø a high levelof the Qernertoq Formation lies
in thrust contact with an intermediate levelof the Rendesten Formation
(Plate 4). The movements on the thrust must here total some hundreds
of metres and may exceed the movements at the west end of the thrust
zone near Sermiligårssuk Bræ; the thrust may have had an overall
scissor-like movement.

The thrust movements predate the major NE fauIts and also the
dykes; '140' dykes cross the fault zone without displacement near
Andesø. Although it appears as a thrust in Midternæs, traced north
wards it passes into an E-W fault. It is possibIe that it bears some
relationship to the group of E-W to WNW-trending sinistral fauIts
which affect much of South Greenland and moved at several different
periods between pre-Ketilidian and post Gardar time (HENRIKSEN,

1960).

6) Kink bands and conjugate folds

Angular minor folds or kink bands apparently unrelated to the
main phases of Ketilidian folding are quite common in the Ketilidian
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• Conjugale fold localilies

Angular minor fold localilies

Wf::}rl Ketilidian strata

.--'-- Faulls

.Fig. 34. Location of congu"ate Cold and kink band observations.
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sedimen Ls, parLiculal'ly in wesLern Midternæs. Folds af this type but
di tinguished hy having flat-lying axial planes have heen descrihed
ahove as phase 3 folds. Most af Lhe angular minar folds have, however,
sLeeply inc!ined axial planes with somewhat var'iahle trike directions.
Folds wiLh VV W-SLI'iking axial planes and Z-shaped profile wero mosL

Fig. 35. Kink band' of tho WNW ll'endjng set in Tartoq Group schists,
189 ti
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Fig. 36. Analysis of conjugate fold and kink band structural data.

often encountered, and where they have developed in pelilie rocks a
strain-s]jp cleavage is uften apparent.

Angular Z- haped folds with WNW-trending axial planes also oecur
in the pre-Ketilidian gneisses and sehists. It has also been ob erved in
a number of in tanees, mainly in the pre-Ketilidian rocks, that two
sets of angular folds, one set wiLh - haped profiles and the other with
Z-shaped profiles, oecur in as oeiation, forming the lructures known a
eonjugate fold (JOHNSO" 1956; RAMSAY, 1962).

The loeations of observations of conjugate folds and al o minor
angular folds are shown in Fig. 34. Observations are partieularly abun
dant in Lhe vieinity of the major WNW-ESE fallit whieh traverses the
pre-I etilidian rocks of \Vest 1idternæs, where some major folds appeal'
to be related to movement on the fault. Fig. 35 show some well devel
oped W W trending kink bands.

The orientations ofaxial planes of 25 eonjugate fold observations
are plotted in Fig. 36a, distinction being made between component parts
of the fold with S-shaped Ol' Z- haped profiles. The data for kink bands
not observed to form part of eonjugate folds are plotted in Fig. 36b;
many of them have similar orientations to the conjuO'ate fold plots
although some are apparently unrelated. DiITu e maxima eorresponding
lo the W 'W-trending fold are apparent in both diagram.

s uming that the two axial planes of a eonjuO'ate fold are sym
metrically di posed to the applied stresses under which they develop,
then Lhe'axes af the stress system may be determined from Lhe interseetion
af the two axial planes in the mannel' proposed by RA ISAY (1962).
The results of the e computations for the 1idternæs conjugate folds
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are gIven in Fig. 37 a and are fail'ly consisLent. 1'he majority of the
conjugaLe folds would appeal' to have developed under a stress system
whose maximum compressive stress was horizonLal and direcLed NE-S\iV.

1'he mean of the computed stress axes is compared in Fig. 37 b
with the trends of a group of W TW sinisLral faults and a group of NNE
dextral fauIts. While the sense of displacemenL on these two faulL trends
and the conjugate folds is consistent with developmenL under similarly
oriented st.ress systems their period of formation was not neces arily
synchronous. Furthermol'e, as is described in alater section, there are
several other important directions of faulting.

7) Quartz and calcite veining

In the competent sills of the Sortis Group there occur locally ver
tical Ol' steeply inclined veins of quar'tz and/ol' calcite, rurely with small
amounLs of epidoLe, pyrite Ol' clinozoisiLe. 1'he veins have noL been
ob erved in sediments adjacent to the sills and have only in isolated
cases been observed in neighbouring lavas. The veining is most con
spicuous in the area south of Tordensø where quartz veins exceptionally
rcach thickncsscs of 1 to 2 m.

1'he strike of the veins is variable, although it tends to be fairly
consistent within smal! areas. The steI'eoO'ram plot of Fig. 38 suggests
a dominant ENE strike, but nearly all observationsof this strike were
noted south of Tordensø Ol' on l'iuna qernertoq.

The origin ancl age of the veining is uncertain. Some veins may be
del'ived from l'esidual siliceous solutions l'elated to the laLe sLages of

6*
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Fig. 38. Stereogram plot af paies to quarlz and caieile vcins.

crystallisation of the iUs. However, many of the veins probably resulL
from the secondary filJing of fissure and joints which developed during
KeLilidian deformation of the relatively competent siU . A few calcareous
veins clearly occupy shear zones. orLh of Birkesø a 5 m wide '120' dyke
clearly cuts several thick quartzitic veins, but it is itself cut by alater
thin vein.

There is no associated mineralisation of economic ignificance.

8) FauIts

The location ofthe main fauIt and thrusts of 1idternæs are in
dicated in Fig. 39. Most of the thrusts are law angle and probably are
related to phase 1 folds. Tile Andesø LhrusL zone has been described
separately. Some of the faults have a long history and may be shawn
Lo have moved on several separate occasio1ls. Many fauIts displace
Gardar dykes.

Analysis of the fault trends indicates three prevalent dir'ections,
NE, NE and E E and a less common vV. W trend; in adjacent areas

theWW faults are of major imporLance. The :\1idternæs fauIts exhibit
in some cases variations in trend, Ol' branch into everal faulLs with dif
ferent trend. The principal movements on the fauIt appeal' to be
lateral and are detectable from the displacement u ually of dykes. It
is Lhought likely that there i at least same verLical component of dis
placement an many faults, but Lhis is difficult to demonstrate due to
the absence of suitable marker bands.

In Fig. 39 the principal faults of interesL are each indicated by a
letter corre ponding to its main trend, and a number fol' ease of referpnce.



/

0):-1---------:~km 1:':':':':':':':':'j Voilen Group.........

...,
"..
et>...
""'"....
~
~

:::l
...,
o
(')
:0;-
m
O
~

, ~
C &
~ ....

et>

:5
!Ilm

Fig. 39. Map or the main falllls and thrusts or Midlel'næs wiLh sense or :di placernenL, where known, indicated. The inset rose-diagram
summarises the principal fault trends.

00
Ol



86 A. K. HIGGINS II

In the descriptions of the stratigraphy it was suggested that move
ments on the faults Cl and B4 during Vallen Group deposition might
have some bearing on the occurrence of feldspathic greywacke and ar
kose sequences, which in both instances occur on the south side of the
faults. It was further noted that the fault Cl appears to be the location
of a major topographic feature influencing the type and particularly
thickness of deposition of the Rendesten Formation. It has also been
observed that the thick dolomite sequence of the Grænsesø Formation
found on the south side of the fault B4 is totally lacking in the area
just north of the fault.

The Cl fault line separates areas with marked differences of bedding
inc1ination. The fault plane may be coincident with a phase 2 anticline
(Fig. 24) and there may have been movements on the fault in phase 2
time. The faults Bl and B2 also appear to exhibit some phase 2 axial
plane movement.

The fault A2 appears to displace a phase 1 BD about 800 m in a
sinistral direction (Plate 5), but more probably the dyke has been diverted
along the fault plane as faults of this trend are usually dextral. The A4

fault displaces a '140' dyke dextrally, but alater BD is not displaced
although its course is deflected for about 1 km. Dykes are also deflected
along the faults Cl and C2 ; the C faults appear not to have moved in
Gardar time.

Many faults are late-Gardar or post Gardar in age (Al' Aa, Ba, B4,

Dl) and cut most or all BDs. The only example of a phase 7 BD is in
truded partly in the mylonite zone of the Al fault.

The fault lines are marked by the obvious displacements of geolog
ical features and may be traced as mylonite zones, or quite often several
parallel, c10sely spaced mylonites. The mylonites are of a shaly con
sistency, usually weathering to a rusty red colour, and may be associated
with bands of secondary grey chert. Nearly all fault lines can be traced
as minor topographic features.

The WNW-trending faults Dl' D2 and D4 all have sinistral displace
ments, of about 4.5 km, 80 m and 50 In respectively, and most of the
NNE- to ENE-trending faults have dextral displacements, ranging from
a few metres to 400 m. Although the various faults have moved at dif
ferent periods the consistent sense of displacement of each fault trend is
noteworthy and suggestive of consistently oriented stress conditions
over an extensive period of time. An interpretation of the mean direc
tion of this stress field is given in the inset in Fig. 39 and may be com
pared with that deduced from the analysis of conjugate folds (Fig. 37).

In the region south of Midternæs two main systems of wrench
faulting are recorded, a dextral mainly NNE system and a sinistral
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mainly WNW system (AYRTON, 1963; WEIDMANN, 1964; BONDESEN,
in press). Major fauIting with the same general trends is found over a
large part of South-West Greenland (BERTHELSEN, 1961). While other
fault directions of lesser importance occur in all areas there are grounds
for concluding the existence of consistent regional stress conditions.

During Gardar time important swarms of dykes were intruded, and
it has been suggested that throughout a vast region tensional conditions
during which the dykes were intruded alternated with compressional
conditions during which movements on the major wrench fauIts took
place (BERTHELSEN, 1962; AYRTON, 1963; WEIDMANN, 1964; BERTHEL
SEN and NOE-NYGAARD, 1965). However, HENRIKSEN in an unpublished
report (1961) has put forward the attractive alternative that Gardar
dyking and faulting were coexistent phenomena. In an analysis of the
Gardar faults in an area 40 km south-west of Midternæs HENRIKSEN
deduced that they had developed under two similarly oriented stress
systems whose maximum compressive stresses were respectively in ENE
and NNE directions. Henriksen suggested that the Gardar dykes in his
area were emplaced under the same stress conditions as produced the
fauIts, in tensional joints parallel to the largest principal stress and
normal to the smallest principal stress with trends of between 030 0

and 080°.

9) Joints

Jointing is conspicuous in the Ketilidian strata, particularly in the
sills and to alesser extent in the lavas. In the field it proved very dif
ficuIt to estimate which of the abundant joints were of most importance,
but on vertical aerial photographs of the area the main vertical joint
trends may often be easily picked out.

Analysis of a number of aerial photographs has shown that the
same principal directions of jointing are common to different parts of
the area. The main trends of vertical joints are in directions of 045°,
080°, 110° and 165°. Fig. 40 shows the joint pattern in an area in which
all four directions of jointing are apparent, but in other areas one Ol'

more of these joint trends may not be represented; in some areas a single
joint trend is locally dominant. There also occur everywhere a number
of joints whose trends do not quite correspond with any of the princi
pal joint directions, as well as joints which are subhorizontal Ol' mod
erately inclined.

There is a close similarity between the main vertical joint trends
and the trends of fauIts (Fig. 39) as perhaps might be expected; the
0450 joints are approximately parallel to the NE fauIts, the 0800 joints
to the ENE faults and the 1100 joints to the WNW fauIts.
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Fig. 40. The joint pattern in gabbroic sills north of Birkesø. Prepared from aerial
photographs.

The Gardar dyke directions (Plate 2) do not appear to be related
to the joint pattern aIthough it may be noted that dykes have been
intruded parallel to the 045 0 and 080 0 joint trends.

The calcite and quartz veining discussed above is preferentially
found in the 080 0 joints in parts of southern Midternæs. At least some
of the jointing of this trend may have had a tensional origin.

It has been observed that in the field an F 2 axial plane cleavage is
locally pronounced; much of the 045 0 jointing could be of F 2 age.

10) Summary of structures

The deposition of the Ketilidian succession was influenced to some
degree by movements along several fauIt lines. The type and thickness
of some sedimentary units was affected. Unequal subsidence of the sea
floor during deposition may have led to large scale warping.

Phase 1 folding produced minor and major, tight to isoclinal re
cumbent folds, usually overturned southwards, in the sediments. Low
angle thrusts appear to have developed in place of folds in the relatively
competent lava and sill sequences. F 1 folds in pre-Ketilidian rocks were
only locally produced, but there was occasionally minor shearing at the
plane of unconformity.
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Phase 2 folding produced minor and major NE-trending fold struc
tures. A steeply inclined axial plane cleavage was often developed, and
locally fault movements took place parallel to this plane. The uncon
formity was folded in some areas with the underlying pre-Ketilidian
rocks, but F 2 minor folds were rarely observed in the gneisses and
Tartoq Group schists.

Flat-Iying phase 3 minor folds were developed locally; their age
relative to other post phase 2 structures is uncertain.

Movements on the major Andesø thrust zone appear to have ac
centuated the differences in dip and strike of the areas on either side;
there may have been a scissor-like movement.

Quartz and calcite veins of several ages fill fissures and joints in
the competent sills.

Kink bands and conjugate folds occur in the sediments, and minor
folds of the same trend occur also in the pre-Ketilidian rocks.

Several main trends of faults dissect the Ketilidian rocks and were
active intermittently between Ketilidian and post-Gardar time. The
majority are wrench fauIts, a generally NE-trending set having dextral
displacements and a WNW-trending set sinistral displacements. The
computed axes of stress are similar to those deduced for the conjugate
folds.

Gardar faulting and dyke emplacement may have taken place
concurrently under the inf1uence of the same regional stress conditions.

11) Comparisons with the Ketilidian fold chronology
of other areas

The Grænseland area
In Grænseland, which lies due south of Midternæs, BONDESEN

(1962; in press) has distinguished a succession of three fold phases. His
phase 1 structures are tight to isoclinal overturned assymetric folds
with axial planes subparallel to the local bedding and dipping eastwards.
An F1 axial plane cleavage is dominant in some rock types. Major low
angle thrusts may be contemporaneous with phase 1. Phase 2 folds have
axes plunging ENE at 20° to 40°, they have a Z-shaped profile and
southwards apparently become overturned and may be isoclina1. In
some areas F 2 structures have a diapiric style. The pre-Ketilidian base
ment exhibits broad anticlinal F 2 folding, but also a brittIe reaction
with the development of closely spaced small faults parallel to F 2 axial
planes. The phase 3 structures occur only locally and have steep
NNW plunges of 45° to 70° and axial planes dipping steeply to the
NE. They appear to be mainly concentrated in earlier thrust zones or
near fauIts.
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The general correlation of the fold phases 1 and 2 of Midternæs
and Grænseland has.been recorded previously (HWGINS and BONDESEN,
1966; BONDESEN, in press). It may be noted that an F1 axial plane
cleavage is not conspicuous in Midternæs, and that fauIting parallel to
F 2 axial planes is much morepronounced in Grænseland. A general in
erease in intensity of deformation southwards accompanied by an in
crease in grade of regional metamorphism in the Ketilidian supracrustal
rocks of this region has been described by WINDLEY et al. (1966). The
Grænseland phase 3 structures associated with fauIts are probably
equivalent to the WNW-trending kink bands of Midternæs.

The Arsuk ø area

In his description of the Ketilidian structures of Arsuk ø WEGMANN
(1938) described the major SW-plunging synformal structure of the Ar
suk basin as refolding earlier large scale tight folds.

MULLER (in prep.) in a detailed structural analysis of Arsuk ø
distinguishes two main Ketilidian fold phases. An early tight phase
produced major folds and a contemporaneous schistosity in the sedi
mentary rocks; the fold axes probably originally had a N-S trend.
The second fold phase governed the synclinal form of the Arsuk basin.
In the volcanic succession the phase 2 fold axes have a NE to ENE
trend, but two axial trends are recorded in the underlying sediments,
one E-W and the other N-S. The two rock groups are separated by a
zone of disharmony. MULLER also notes that the different fold phases
are difficult to distinguish in the pre-Ketilidian gneisses.

There is a strong resemblance between the phase 1 and phase 2
structures of Arsuk ø, Midternæs and Grænseland and it is likely that
they are more or less equivalent. The F1 axial plane schistocity is com
mon to Arsuk ø and Grænseland. The two F 2 axial trends noted by
MULLER have not been recorded elsewhere.

The Nanortalik area

ESCHER (1966) distinguished three fold phases in the supracrustal
Ketilidian rocks of the Nanortalik area, which is in the Tasermiut
fjord region. The first phase was characterised by isoclinal often recum
bent folds, originally with NNE axes, and was accompanied by thrust
faulting. A second phase produced large and small scale open folds with
NW-trending axes, and a third phase very large structures trending NE
to NNE associated with major faulting and a fracture cleavage.

A tentative correlation of the Ketilidian fold phases in the region
between Julianehåb and Frederiksdal has been prepared by WINDLEY



II The Ketilidian rocks of Midternæs 91

(1966). Four fold phases are distinguished, which correspond to those
of ESCHER but with the addition of an earlier phase represented only
by minor intrafolial folds and probably pre-Ketilidian.

The distance between the Ketilidian supracrustals of the Tasermiut
fjord region and those of the Ivigtut region prohibits correlation of
individual fold phases. However, the general development of folding
in the two regions shows same similarities.
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PE310ME

HeTRJIRiJ;CRRe cyrrpaRpYCTaJIbHbIe, HaiJ;ROpOBbIe rrOp0iJ;bI BbIXOiJ;HT Ha rro

BepXHOCTb B IOro-3arraiJ;Hoti rpeHJIaHiJ;RR. OHR CJIaraIOT CTPYRTYPHbIti rrOHC,

ROTOPbIti rrpOCJIeJf\llBaeTCH OT patioHa MRiJ;TepH3C R IOry, qepe3 TeppRTopRIO

rp3HCeJIaHiJ; ReTRJIRiJ;CROrO TRIIa (BONDESEN , B rreqaTR), iJ;O patioHa Ho66epMRH6yrT

(lPRr. 2). OCaiJ;OqHbIe R BYJIRaHRqeCRRe rrOp0iJ;bI, TaRlHe OTHOCMMbIe R ReTRJIRiJ;CRoti

cepRR, 06HaJfWIOTCH B patioHe lPbOpiJ;a TacepMRYT B 225 RM IOrO-BOCTOqHee patioHa

MRiJ;TepH3C (lPRr. 1).
B HaCTOHlI\eti pa60Te orrRcaHa CTpaTRrpalPRH R iJ;aHbI CBeiJ;eHMH o pa3JIRqHbIX

iJ;elPOpMaI\ROHHbIX CTpYRTypax ReTllJIRiJ;CRRX rropOiJ; patioHa MRiJ;TepH3C (Ta6JI. 2).
HOppeJIHI\MH MemiJ;y TeppMTopReti MMiJ;TepH3C R rrpRMbIRaIOlI\eti R Heti c IOra

TeppRTopReti rp3HCeJIaHiJ; rrpOBeiJ;eHa rro rpyrrrroBbIM R lPopMaI\ROHHbIM rrpR3HaRaM

rropOiJ; (lPMr. 22 R rrpMJI. lo). B orrMCbIBaeMOM patioHe BbIp;eJIHIOTCH rpyrrrrbI BaJIJIeH

R COPTRC R COOTBeTCTBYIOII\Re RM lPOpMaI\RR. 061I\aH MOII\HOCTb ReTRJIRiJ;CRRX

OTJIOmeHMti, BbIXOiJ;HII\RX Ha rrOBepXHOCTb, COCOTaBJIHeT OROJIO 5000 M.

IIpeRMYlI\ecTBeHHo OCap;OqHbIe OTJIOmeHRH BaJIJIeHcRoti rpyrrrrbI HeCOrJIaCHO

3aJIeraIOT Ha iJ;OReTMJIRp;CRMX rHeticax R 3eJIeHbIX CJIaHI\aX (lPRr. 3 R lo). HaR60JIee

paHHRe ocap;RR, COCTOHII\Re M3 MaJIOMOII\HbIX KOHrJIOMepaToB, KBapI\RTOB R

R3BeCTKOBbIX aJIeBpRTOB, OTJIaraJIRCb B 3aMRHYTbIX, OrpaHMqeHHbIX 6accetiHax,

R RX MOII\HOCTb R pacrrpOCTpaHeHHOCTb HerrOCTOHHHbI (rrpRJI. 3). IIocJIeiJ;YIOII\Re

OCaiJ;RR HOCHT 60JIee rJIy6oRoBoP;HbIti xapaKTep, a TaRme RMeIOT 60JIee nmpoRoe

pacrrpOCTpaHemle. OHM COCTOHT rrpeRMYlI\eCTBeHHO R3 aJIeBpRTOB c RJIRHOBRiJ;HbIMR

BKJIIOqemiHMR apR030BbIX rreCqaHRROB. TaKaH CeiJ;MMeHTaI\ROHHaH aCCOI\RaI\RH

HBJIHeTCH iJ;OBOJIbHO xapaRTepHoti iJ;JIH BHYTpRRpaTOHHbIX 6accetiHoB. B TO me

BpeMH Ha TeppRTopRR rp3HCeJIaHiJ; rrp0iJ;OJImRTeJIbHbIe cepRR rpayBaRRoB, CKopee

xapaRTepR3yIOII\RX reOCRHRJIMHaJIbHbIe rrporM6bI, 3aJIeraIOT Ha TOM me caMOM

ypoBHe BaJIJIeHcKoti rpyrrrrbI. BepXHHH qaCTb BaJIJIeHcRoti rpyrrrrbI rrpep;CTaBJIeHa

P;OJIOMMTaMR c BKJIIOqeHMHMR ClPepMqeCRMX CTPYRTYP OpraHMqeCROrO rrpORcxomp;e

HMH, Hatip;eHHbIMR Ha rrHTM yqaCTRaX B patioHax MMiJ;TepH3C R rp3HCeJIaHiJ;.

rpyrrrra COPTRC B OCHOBHOM CJIOmeHa MOII\HOti TOJIlI\eti rrOiJ;YIIIeqHbIX JIaB

COCTaBa TOJIeRTOBbIX 6a3aJIbTOB c MHOrOqMCJIeHHbIMR RH'beRI\MHMR rrJIaCTOBbIX

RHTPY3Mti, ROTopbIe lPOpMMpOBaJIMCb, B03MomHO, R3 OP;HOti R TOti me MaTepRHcKoti

MarMbI. AHaJIM3bI JIaB M RHTPY3Rti xapaKTepM3yIOTCH HR3KMM cOiJ;epmaHReM Ti R

H R BbICORRM COiJ;epmaHMeM H 20 (Ta6JI. lo R 6). OCaiJ;OqHbIe R rrMpORJIaCTRqeCRMe

rrOp0iJ;bI RrpaIOT BamHyIO POJIb Ha HeROTOpbIX ypOBHHX pa3pe3a, oco6eHHO B

I\eHTpaJIbHoti qaCTR COPTRCCROti rpyrrrrbI. HaJIRqRe lPeJIb3RqeCRoti BYJIRaHRqeCRoti

6peRqRR (lPMr. 17) iJ;aeT OCHOBaHRe rrpeiJ;rrOJIaraTb, qTO KpaTep BYJIRaHa pacrro

JIaraJICH B rrpeiJ;eJIax IOmHoro OKOHqaHRH patioHa MRp;TepH3C. HaJIRqMe BYJI

KaHRqeCRMX 60M6, B03MomHo, YRa3bIBaeT Ha TO, qTO rJIy6RHa MOpH TOJIbKO rro

BpeMeHaM 6bIJIa YMepeHHoti; HO TaR RaK HerrpepbIBHaH TOJIlI\a rrOiJ;YIIIeqHbIX JIaB

MOII\HOCTbIO BO MHoro COTeH MeTpOB rrpeiJ;CTaBJIHeT 06bIqHOe HBJIeHRe, TO MomHO
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npegnoHomHTb, qTO onycKaHHe MopcKoro gHa npoHcxogHHO paBHOMepHO no Mepe
HaKonHeHHff HaBM.

IIeTporpa4lHqecKHe HaomogeHHff nOKaabIBalOT, qTO KeTHHHgcKaff cepHff B

paMOHe MHgTepwlc npeTepneHa perHOHaHbHbIM MeTaMop!JlHaM pemHMa !Jla~HH

aeHeHbIX cHaH~eB. l{ IOry OT MHgTepH8c CTerreHb perHoHaHbHoro MeTeMop!JlHaMa
ObICTPO BoapaCTaeT H B 50 KM K IOry OT paMOHa gocTHraeT aHbMaHgHH-aMtPHOOHH
TOBMX !Jla~HM. BoapaCTaHHe CTerreHH MeTaMop!JlHaMa conpoBomgaeTcff BoapaCTa
HHeM HHTeHCHBHOCTH ge!JlopMa~HH.

OOIIIHpHoe CMe~eHHe CYO-KeTHHHgcKOM rrOBepXHOCTH, BoaHHKIIIee, no
BHgHMOMY, oHarogapff orrycKaHHIO MopCKoro gHa, corrpoBomgaBIIIeMY HaKorrHeHHe
HaBbI, rrpegBapHHo MeaOCKOrrHqeCKOe CKHagKooopaaoBaHHe. B rrepBylO !Jlaay
cKHagKooOpaaoBaHHff c!Jl0pMHpoBaHHcb HaOKHHHaHbHMe orrpoKHHyTMe CTPYKTYPM;
rrpo~ecc corrpoBomgaHcff cHaoo HaKHOHHbIMH HagBHraMH. Bo BTOPYIO !Jlaay 00
paaoBaHHcb OqeHb pacrrpocTpaHeHHMe CTPYKTypbI CB npocTHpaHHff (!JlHr. 2~).

BOHee noagHHe cKHagKH HMelOT HeooHbIIIoe aHaqeHHe.
rHaBHbIM THnOM HapyIIIeHHM ffBHfflOTCff paapbIBHMe HapYIIIeHHff. BOHbIIIHHCTBO

HapyIIIeHHM 3C3 HanpaBHeHHff HMelOT HeBocTopoHHee CMe~eHHe, a HapYIIIeHHff

BCB-CCB HanpaBHeHHff - npaBocTopoHHee CMe~eHHe (!JlHr. 39).
CHomHbIM KOMnHeKC gaeK nepeceKaeT KeTHHHgcKHe nOpOJI;M B paMOHe MHg

TepH8C. HeKOTOpbIe Ha gaeK 3CS HanpaBHeHHff MoryT ObITb noagHe-KeTHHHgcKHMH,
HO rHaBHbIM nOTOK gaeK c npOCTHpaHHffMH OT BCB go CCB, BepOffTHO, OTHOCHTCff
K rapgapcKoMy nepHogy (npHH. 2).
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Plate 1

Aerial photograph showing Midternæs and the adjacent nunataks silhouetted against
the lnland lee. North of Midternæs the 4 km wide Sermiligårssuk Bræ runs into the
fjord Sermiligårssuk which crosses the photograph diagonally. The fjord in the centre
foreground is part of Tårtoq. Comparison with the regional geological map of Fig. 2
shows that the well banded rocks in the left foreground belong to the pre-Ketilidian
Tartoq Group. The two dark areas on the north side of Sermiligårssuk also comprise
Tartoq Group supracrustal rocks. The partly snow covered plateau areas north and
south of Sermiligårssuk are mainly made up of pre-Ketilidian gneisses. Reproduced

by permission of the Geodetic Institute, Copenhagen.
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Details from Grænseland atter Bondesen et al. (1967)
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