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Abstract

The stratigraphy of the Ketilidian rocks of the Midternss area is described
and an account given of the various structures which deform them. Correlations
between the Midternses area and the Ketilidian type area of Grenseland, situated
immediately south of Midternss, 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 levels.
Felsic volcanic breccias suggest that a vent was situated at the southern extremity
of the Midternses area.

A large-scale warping of the sub-Ketilidian surface may have preceded the
mesoscopic folding. F, folding produced isoclinal, recumbent structures and was
accompanied by low-angle thrusting. F, folding produced structures with NE-
trending, steeply inclined axial planes and often an axial plane cleavage. The minor
F; folds are of little 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. Sketch-map of South Greenland with the Midlernas area shown in black.

I. INTRODUCTION

1) General

Midternzes is situated about 75 km south-east of Frederikshab and
about 40 km north of Ivigtut in South-West Greenland (Fig.1). To
its north Midternaes is bounded by the fjord Sermiligarssuk and the
glacier Sermiligdrssuk Bra and to its south by the fjord Sioralik and
the glacier Sioralik Brae; the Inland Ice forms the eastern boundary
(Plate 1). The term ‘Midternas area’ as employed in the text is taken
to include the nunataks which lie east and south-east of Midternas.

The Midternaes area was mapped between 1964 and 1966 on a
scale of 1:20,000 using topographical maps and vertical aerial pho-
tographs supplied by the Geodetic Institute, Copenhagen. The Midter-
nes area has a land area, including lakes, of about 360 km? and ranges
in altitude from sea-level to 1787 m. The terrain is well exposed but of
a very rugged nature and parts of the area, particularly the cliffs which
border many of the main glaciers, are difficult of access. Some outlying
small nunataks and the high eastern parts of Nuna qgernertoq were map-
ped on helicopter reconnaissance flights.

The only previous investigations of Midternwes have been by geol-
ogists of GGU (Grenlands Geologiske Undersogelse: 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 (WEGmMANN, 1938, 1939, 1948). A recent review of the general geol-
ogy has been presented by Arvasrt, BRipDGWATER 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 Hicains and BonpeseN (1966). The chronology of the region
is given in Table 1 which is adapted from a detailed scheme presented
by ALraART etal., (1969).

A large part of the Ivigtut-Frederikshab region consists of pre-
Ketilidian rocks: gneisses, amphibolites and locally greenschists and
gabbro-anorthosites. A pre-Ketilidian supracrustal sequence in the Ser-
miligarssuk-Tartoq-Midternss area has been distinguished as the Tartoq
Group (Hiceins and BonDESEN, 1966). The pre-Ketilidian strata have
undergone migmatisation, metamorphism and repeated deformation in
pre-Ketilidian time (AYRTON, 1963; WEIDMANN, 1964; KArsBEEK, 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 (BonpESEN and HENRIKSEN, 1965) and three sets are
found north of Sermiligdrssuk (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 Frederikshdb area. It has not proved possible 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 JorcEnseN (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 outecrop in most of the Midternas area
are the principal concern of this paper. They form part of a belt of
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Ketilidian supracrustal rocks which may be traced southwards from
Midternses through Grenseland, and from south of Arsuk Bra to Qornoq
and Qipisarqo; further outerops of Ketilidian rocks occur on Arsuk ©
and along the south coast of Sanerut (Fig.2). On Midtern®s and in
Granseland the Ketilidian rocks rest unconformably on pre-Ketilidian
gneisses and schists, but elsewhere the junction is obscured by shearing,
granitisation and migmatisation (WINDLEY ef al., 1966).

South of the area shown in Fig. 2 inclusions of metasediments,
some of which may be derived from Ketilidian supracrustals, are found
in the Julianehdb granite. Thick well preserved sediments and volcanics
also assigned to the Ketilidian are found in the Tasermiut fjord region
about 225 km south-east of Midternes (Wremany, 1938; EscHER, 1966).
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Table 1. Chronology of the Ivigtut region

VENT ISOTOPIC
TIME MAJOR E S AGE (m.y.)
!
g QO Carbonatite lamprophyre dykes 164
5 8 Coast-parallel olivine tholeiitic dykes
asi
o
5 Faulting
2 Major NE-trending basic dyke swarms ca. 1200
é Alkaline intrusions
? WNW and NW-trending dykes
8o o Rapakivi granites
S22 1500-1640
§ % 2 Plutonic reactivation of earlier
525 structures and granites
145]
Minor basic dykes
Z —_— — —_—— — — — — e e — e e — — — — =—
= g3 . : .
2 g 3 Folding, thrusting, faulting,
= = metamorphism, migmatisation, 1700-1750
= g9 formation of granites
2 | =2
3 =
==
(?) Tlordleq Group —- volcanics
Qipisarqo Group — sediments
Sortis Group — mainly volcanics
Vallen Group  — sediments
? Basic dykes — 4 major generations
Z . . . s
= Folding, metamorphism, migmatisation,
m 8 granitisation
E = Volcanics with some sediments (Tartoq Group) 2500-2700
= . .
E Older (?) basement (parts of regional gneisses)

The excellent exposures of the Ketilidian sequence in Granseland
led to its selection as a new type area. BoNpESEN’s divisions and sub-
divisions of the Ketilidian of Granseland have been outlined by Bir-
THELSEN and Noe-NyYGAARD (1965) and presented in detail by BonpE-
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 (BrRiIDGwATER 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 Julianeh&b district are common in the moraines bordering the
Inland Ice south of Sioralik Bree (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 (WaLtow, 1966).

3) Previous geological investigations of Midternses

Reconnaissance work by GGU geologists in 1954 and 1955 revealed
the presence of areas of greenschists on both sides of Sermiligarssuk and
on Midternes. MicHEELSEN (1955) noted from observations from the
north side of Sermiligdrssuk Bree and from the air that there appeared
to be a thrust plane in Midternes dipping at 10° to 15° 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 4958, Ketilidian supra-
crustal rocks are recognised over a large part of Midtern®s and are
broadly divided into two groups. Except in northern west Midternses
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 Midternes mapped by
BeERTHELSEN in 1954 the only detailed mapping prior to the present
work was that of Oex Inc SoEw in 1960. OEN mapped the west peninsula
of Midternes and areas north and south of Birkess. OEN’s observations
are recorded on manuscript maps, in diaries and an unpublished report
(Oen Ing Sozrw, 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 Midtern®s 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 OEn
(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 Hiceins and BoNDE-
sEN (1966). An outline of the geology of Midternss is given below.

4) Outline of Midternzes geology

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

Metadolerite dykes are uncommon in Midternses. 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 Midternss 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 Midternses 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 Sermiligirssuk just west
of Midternees.

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



II. STRATIGRAPHY

1) General

The Ketilidian strata of Midternes are the northward extension
of the strata of the new Ketilidian type area of Grenseland (BoNDESEN,
in press). They are the northernmost outcrops of Ketilidian rocks in
the Ivigtut-Frederikshib region.

The western and northern limits of the Ketilidian strata on Midter-
naes 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 Midternses and southwards in north Midternss, 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). BonpESEN (1962, and in press)
has divided the Ketilidian rocks of Greenseland into a lower mainly
sedimentary group (the Vallen Group) and an upper mainly voleanic
group (the Sortis Group); both these groups and their subdivisions can
be clearly distinguished in south-west Midternes which is separated
from Grenseland by the 2 km wide Sioralik Bree. In other parts of
Midternes BonDESEN’s subdivisions are employed where this is compat-
ible with the original definitions, but lateral lithological changes have
made it necessary to modify his terminology in central and northern
Midternees.

A summary of the Ketilidian stratigraphy of Midternes 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 gernertoq
which is not represented in Grenseland. The Perledal Volcanic Complex
is the lateral equivalent of part of the Rendesten Formation in northern
Midternzs. For the purposes of the detailed stratigraphical descriptions
the Zigzagland Formation and the Blais Formation have been divided
into members. The names given to these members in Midternss 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 of Midternas
Top unexposed
QERNERTOQ | Undivided sequence — very thick pillow lava succes-
FORMATION sion and several important sills
(at least 2200 m)
T N
g RENDESTEN | Undivided sequence -— banded siltstones, shales,
Py FORMATION cherts, impure dolomites, thick
[=4 . .
& pyroclastics and many thick
- sills
=i S T T T T o — — — — — —
8 Y, Perledal Volcanic Complex — pillow lava flows in northern l
& < Midternees interbedded with |
o N the Rendesten Formation ,
2 N e T e e
E (totals 1100 to 2400 m)
9) FOSELV Undivided sequence -— mainly thick pillow lava flows,
FORMATION a few sedimentary bands and
several sills
(100 to ca. 900 m)
Thrust contact locally
GRENSESQJ | Shale Member — includes pyritic shales (up to
FORMATION 120 m)
—_ Dolomite Member — dolomites and pelitic shales
+ (10 to 70 m)
=
= ) |
e N sills at several levels (up to 300 m) i
P g
: Pelite Member —- black pelitic shales (0 to 50 m)
[ - — - — e L L = =
= BLAIS Undivided sequence -— massive siltstones, shales, arkose
% FORMATION lenses, greywackes, a thin gra-
g phite shale and several thin
o) dolomites
Z (50 to ca. 700 m)
E _____________________
— ZIGZAGLAND | Calcareous Member — finely banded calcareous and
< | FORMATION dolomitic shales (up to 35 m)
Sandstone Member  — feldspathic sandstones and
orthoquartzites (1 to 100 m)
Conglomerate Member — ore-bearing matrix (0 to & m)
Unconformity-minor shearing

to their characteristic lithology in the absence of suitable geographical
names. The outcrop pattern of the groups and formations of Midternses
and Greenseland 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 Birkess 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
BonpESEN (in press) as the upper boundary of the Vallen Group and the
lower boundary of the Sortis Group; on Midternes this level is in some
areas the site of a major thrust.

The Vallen Group outcrops in north and west Midternes 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 Midternas
and the maximum about 750 m in north Midternses. In west Midternaes
the succession can be equated with that of Graenseland, and the Zigzag-
land, Blais and Grensess Formations can be recognised ; in north Midter-
nes only the Bliis and Grensese Formations are clearly represented.

Of the organic remnants found in the Vallen Group, most occur in
the Lower Zigzagland Formation of central Granseland (PEDERSEN,
1966, 1968); this part of the formation is not known in Midternss. One
of the best preserved of the fossils, a globular structure known as Val-
lenia, has been recorded in the Greensesg Formation at five separate
localities in Midternes and Grenseland (BonpEeseN, PEDERSEN and
JorGENSEN, 1967; PEDERSEN, 1968).

A sill has been noted by BoNpeseN (1962, and in press) as a persist-
ent feature in the Grensess Formation. In Midternass 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-
ical 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 Midternas that they may be described and
classified as non-metamorphic rocks. The classification of the sedimentary
rocks in this paper follows the usage of PErTisonN (1957).

3) The Zigzagland Formation

In west Midterneaes 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 sandstone sequence passing downwards into a 4 m

non-bedded conglomerate which rests unconformably on steeply inclined Tartoq

Group schists. Northern west Midternses. The position of the unconformity surface
is indicated by the white arrows.

proximate counterparts in the Upper Zigzagland Formation of Granse-
land. The Lower Zigzagland Formation is not represented in north
Graenseland or in Midternzs and the base of the Ketilidian succession
is in these areas formed by the Conglomerate Member or the Sandstone
Member. Stratigraphical details are given below (see also Plate 3).

The Conglomerate Member in west Midternses

The Conglomerate Member is found in Midternzs only north of
Birkess between a point on the north edge of the plateau and Sermi-
ligirssuk Brz. In its traceable outerop of about 1 km it has a maximum
thickness of only 4 m and it often has a red-brown surface discoloura-
tion caused probably by the oxidation of an appreciable ore content in
the matrix.

The component pebbles of the conglomerate are mainly of quart-
zitic composition; a few foliated gneiss pebbles and several small black
amphibolite pebbles have also been noted. The pebbles are mainly less
than 15 em in diameter, but the largest example observed measured
40 cm by 7 cm in cross-section. The pebbles are not well sorted and are
generally poorly rounded. The conglomerate is not bedded except to-
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Ilig. 4. Massive orthoquartzites resting unconformably on dark hornblendic gneisses
and pegmalites. Southern west Midternas.

wards the top where it passes upwards into the well bedded Sandstone
Member (Figs. 3 and 5). The conglomerate rests on an uneven surface
of Tartoq Group greenschists. Rolled magnetite grains occur in the
matrix sometimes in sufficient quantity to attract a magnet.

The Sandstone Member in west Midternses

The pale grey to white sandstones of the Sandstone Member 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 directly on a peneplained gneiss surface
(Fig. 4) and the sandstones at the base appear locally to fill in small
irregularities on the plane of unconformity. There is nowhere any con-
spicuous discolouration of the gneiss surface. North of Birkesa the Sand-
stone Member rests partly on peneplained Tartoq Group schists and
partly on the thin Conglomerate Member.

The thick sandstone sequence west of Akuliarutsip timilerssue is
massive, well bedded and rather uniform. Cross-bedding is fairly com-
mon and slump structures and poor examples of graded bedding have
been noted. The sandstone decreases in thickness fairly rapidly towards
the north to about 15 to 25 m, and maintains this thickness as far as
Birkesa.



16 A. K. HigGins Il

Fig. 5. Graded sandstone sequence deformed by F, folds and displaying a vertical
F, axial plane cleavage. Northern west Midlern®s adjacent to Sermiligarssuk Bre.

In composition the sandstones to the south of Birkess can mainly
be classified as feldspathic sandstones with some orthoquartzites, partic-
ularly near the base; a few samples from the upper part of the sequence
are best classified as feldspathic greywackes (Pertisonn, 1957 p. 291).
The grain size varies from fine sand to very coarse sand, and in shape
most grains are subangular to subrounded where they have not been
modified by deformation or recrystallization.

To the north of Birkeso the Sandstone Member is about 22 m thick
at the south edge of the plateau and consists of massively bedded and
thinly bedded feldspathic sandstones. Traced northwards these thin
abruptly against a small fault and across the central part of the plateau
are not more than 3 m 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 Sermiligarssuk Brz.

While they are in part similar in character to the sandstone se-
quence south of Birkess, the sandstones which outerop near Sermi-
ligdrssuk Bree 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. Higher 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 Midternses

Throughout west Midternss the Sandstone Member is succeeded by
sediments with a high carbonate content which have a characteristic
colour varying from grey-white, to pale yellow, pale 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 Blais 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 pale
silver-grey siltstones and shales. The banded siltstones exhibit a rhyth-
mic layering; individual layers are from 0.4 mm to 1 cm thick generally,
rarely reaching 3 cm in thickness (Fig. 28).

Midway between Sioralik Bre and Birkess 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 Birkesg 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 Sermiligarssuk Bree
but are hidden beneath shaly screes derived from the Bliis Formation.

189 2
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North Midternses

The Zigzagland Formation does not exhibit its characteristic devel-
opment in north Midternses. 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 Blais Formation.

4) The Blais Formation

The lower limit of the Blais Formation is placed at the level at which
the pale 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 Midternses form the bulk of the Blais
Formation. The upper limit of the Blais Formation is placed at the base
of a black pelite, the lowest member of the Grznsess Formation in
Midternses and presumed equivalent to the carbonaceous pelites at about
this level in Greenseland. BoNpEsSEN (1962, and in press) selected the
lower boundary of the Grensess Formation in Grenseland at the base
of the carbonaceous pelites to coincide with a structural discordance at
this level. In Midternses there is a transitional boundary between the
Blais and Grensess Formations, but a major thrust does occur in some
areas at the top of the Grensess Formation. Details of stratigraphical
variations in the Bliis Formation are given below.

West Midternaes

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

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

In southern west Midternes the lowest part of the formation con-
sists of massive, grey, banded siliceous siltstone; this unit thins
northwards and is not present north of Birkess. 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 Bldis Formation in west Midternas 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 Birkesg and Sioralik Bree 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 Birkess a pale grey greywacke band from 1 m to 15m
thick occurs in the central part of the Blais Formation and can be traced
laterally for about 2 km. South of Birkesg several greywacke bands have
been mapped near the top of the Bliis Formation of which the most
important is a 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 Blais Formation. Parts
of the greywacke sequence are well bedded and good examples of wash-
out structures have been observed.

North Midfernses

In north Midternses the Blais 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 Blais
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 Midternees lateral lithological 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 pale 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. Ripple 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 Blais Formation has an essentially 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 Bliis Formation. It is
traceable laterally for about 3.5 km but does not apparently extend
northwards beyond the line of a major NE fault. 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 little
or no matrix. The feldspar is microcline and a little 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 Midternes (Fig. 6 and
Plate 3).

5) The Graznsesg Formation

The Grensess 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 the type area. The
Pelite Member forms the lowest part of the Grensess Formation and
is only well developed in west Midternes where it contrasts with the
more flaggy shales and siltstones of the Bldis Formation below and the
conspicuous dolomites of the Dolomite Member above. The boundary
between the Graensess 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 Birkess and Sioralik
Bra where it consists of a uniform sequence of black pelitic shales about
40 to 50 m thick. Just south of Birkess a thick sill has been intruded
at or near the base of the Pelite Member.

North of Birkesg, where the Vallen Group has its minimum de-
velopment, the Pelite Member is not clearly discernible as the main
dolomites rest on a variegated sequence of grey semipelitic shales
which cannot be distinguished from the uppermost part of the Blais
Formation.
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In north Midtern®s the boundary between the Blais and Grensess
Formations is transitional; it is not possible to distinguish pelites as a
distinct unit except locally in the extreme western part of the outcrop.

The Dolomite Member in west Midternaes

The Dolomite Member in southern west Midternss consists of a
sequence of five main dolomite bands with black pelitic shale bands
between them and has a total thickness of about 70 m. The lowest and
thickest of the dolomite bands measures 8 to 10 m. Traced north-east
along their strike a marked discordance 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 locally.

The member reappears about 2 km south of Birkess as a mainly
dolomite sequence with thin bands of dark grey and purple shales and
some grey chert. It may be traced continuously northwards to Birkesg,
and is well exposed in the cliffs north of Birkess. Farther north on
the plateau the Dolomite Member has a total thickness of between
25 and 60 m, and comprises principally dolomites with thin layers of
calcareous shales, dark grey cherts and a few black graphitic and
pyritic shales.

The dolomites of west Midternszs vary in weathering colour from
grey, to pale yellow or deep orange, but are all pale grey on fresh surfaces.
Their composition varies to some degree although those few analysed
(Table 3) can all be classed as calcitic dolomites. BONDESEN gives similar
types of analyses for 9 samples of dolomites and dolomitic shales from
different stratigraphical levels of the Ketilidian of Graenseland (BONDE-
SEN, in press). All BonpESEN’s samples are dolomitie, but in PETTIJOHN’S
evaluation (1957, p. 417) 6 would be classified as calcitic dolomites and
3 as dolomites. Both the Midternss and Grznseland samples contain an
important proportion of insoluble material, mainly silica; from 8.4%/, to
479/, was recorded in the Granseland samples.

Table 3. Analyses of Grenseso Formation dolomites

GGU. Insol. CaO MgO CO, Ca as* Mg as*
No. i */ o °/y CaCO, MgCO,
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: Is SgreEnsen. * 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 Midternses

In the western part of the outcrop the Dolomite Member is composed
mainly of thick dolomite bands alternating with bands of purple shales
and occasional chert horizons. A main group of dolomites can usually
be recognised and thin dolomite bands occur at higher and lower levels.
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 pale 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 Blais Formation, and since the Pelite Member is not developed
in north Midternes it is difficult to place a boundary between the Blais
and Greznseses Formations.

The main dolomite sequence thickens again eastwards and in the
area where it is displaced by a major NE fault 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
3km 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 fault, 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 pale yellow dolomite in the central part of the sequence
contains numerous small 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 Grensesg Formation in Grenseland (PEpERSEN, 1966,
1968).
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Fig. 6. The Vallen Group sequence at various localities in Midternas.

The Shale Member

The Shale Member comprises those sediments between the last map-
pable dolomite which marks the top of the Dolomite Member and the
base of the Sortis Group. It is not certain that the member is anywhere
completely represented; it is often thin and in some areas absent due to
thrusting.

In southern west Midternes a few metres of dark shales are the
only representatives of the Shale Member. About 2 km south of Birkeso
it has a more varied development and includes cherty quartzites, calca-
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reous shales, pelitic shales, and red-stained shales containing lenses and
noedules of pyrite. North of Birkesa up to 15 m of rather sheared shales
make up the Member.

The Shale Member is best developed in the western outcrops of
north Midternas 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 levels. The
pyrite occurs concentrated in lenses and layers parallel to the bedding.
Thin tale-bearing shales were noted near the top of the sequence.

In other parts of north Midternses 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
Ore conglomerate (71320). West Midternzs.

Collected from the base of the & m Conglomerate Member north of Birkeso.

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 clastic
quartz grains and pebbles comprise mosaics of several crystals which always exhibit
undulose extinction, but the angular to subrounded shapes of the original grains
are usually clearly 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 Midternees.

From near the base of the thick sandstone succession in southern west Midter-
nes (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 Midternas.

Collected near the base of the Sandstone Member about 2 km south of Birkess.
The rock comprises large clastic 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°/,) and feldspar (ca. 5-10 ¢/, 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 Midternses.

From the Calcareous Member in southern west Midternees.

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%/,), 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.

Bliis Formation rocks
Flaggy siltstone (71493). West Midternses.

A specimen from the massive flaggy sequence at the base of the Blais Forma-
tion in southern west Midternzs.

Tt 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 a little 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 Midternses.

From the upper part of the Bliis Formation south of Birkese.

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 (74391). North Midternses.

Collected from a greywacke band in a shaly sequence of the central Blais
Formation in eastern north Midternes.

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 209/, 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 a little carbonate.

Arkose (71400). North Midternes.

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°/,) and feldspar (ca. 25°/,) up
to 6 mm in diameter many of which have subrounded shapes; some of the feldspars
have rectangular or 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-
crystallised to mosaics of unstrained crystals. The matrix (ca. 5°/,) consists of small
fragments of quartz and feldspar, and irregular aggregates of yellow-brown to red-
brown secondary amphibole mainly in veins.

Grensess Formation rocks
Black pelitic shale (71241). West Midternees.

From the Pelite Member about 2 km south of Birkeso.

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 recrystallised in
slender laths parallel to the bedding and is responsible for the faint sheen on the
bedding surfaces of parts of the hand specimen

Calcitic dolomite (71269). West Midternss.

Collected from the dolomite sequence in southern west Midterns.

The fine-grained specimen is orange-brown on weathered and grey on fresh
surfaces. In thin section it consists of a fine-grained mosaic of calcite and dolomite
(analysis Table 3) and scattered small grains of quartz. A faint bedding is discernible
from the alignment of quartz grains.

Dolomite breccia matrix (24323). North Midternzs.

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 Midternaes.

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 appear 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 or faintly laminated microcrystalline quartz. The
groundmass to the fragments is a mosaic of calcite, dolomite and a little quartz.
Both groundmass and chert fragments are cut by a later network of thin veins of
quartz and carbonate minerals.

Pyritic shale (25714). North Midternes.

Collected from a high level of the Shale Member in western north Midternaes.

The rock is a well foliated shale which contains pyrite in concentrations of
small cubes in lenses and layers parallel to the bedding. A little 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 silt 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 slightly 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 Grenseland and Midtern#®s has been pre-
sented by Hiceins and BonpesEn (1966). Further brief mention has
also been made by BoNDESEN et al. (1967) and a more detailed analysis
of Grenseland conditions is given by BoNDESEN (in press). The short
account which follows is with special reference to the Midternes 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 Midternzes.
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 Midtern®s and Grenseland
(Hicains and BonbpEesen, 1966). The Lower Zigzagland Formation is
only represented in the southernmost of these three basins, in central
Granseland, and a carbonatisation of the sub-Ketilidian surface -asso-
ciated with dolomite deposition is restricted to this basin, as are certain
fossiliferous horizons (PEpERSEN, 1966).

In Upper Zigzagland Formation time the Ketilidian sea became
apparently gradually more extensive and the successive deposits in north
Graenseland in the central of the three basins are of a transgressive nature.
In west Midternes, 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 Birkese against
what may have been the northern limit of the basin. About 2 km to the
north near Sermiligdrssuk Bre 30 m of sandstones with distinctive
graded bedding are found (Fig. 5). This is the possible 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
Midterns®s which take place in the vicinity of ENE- or NE-trending
faults give a clue to the nature of the topography of the Ketilidian sea
floor (Plate 3). It seems probable that fault scarps may have formed
cliff-like features, and strongly influenced depositional conditions. In
Granseland the boundary between the central and southernmost of the
three basins recognised was apparently a ma]or fault scarp (Hiccins
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 Granseland imply that parts of the basins were
periodically dry. From the orientation of ripple marks and slump axes
in the Greenseland 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
Blais Formation time. The distinction between the three basins of deposi-
tion became less pronounced and similar sequences of sediments occurred
in both Midternses and Greenseland.

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

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

In Grenseland the Blais Formation, also of variable thickness, is
represented by from 40m to 800m of pelites, semipelites and greywackes.
The greywacke proportion is dominant, coarser-grained, and of far
more importance than in Midternsas where banded siltstones dominate and
greywackes are found in bands of limited thickness. BoNDESEN considers
the greywackes to be turbidites whose deposition is related to fault
movements in the vicinity (BoNDESEN, in press). Direct evidence for
tectonic activity is seen in the lower part of the Blais Formation of
central Grenseland 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 Midternws there is also evidence for instability of the sea floor
in Blais Formation time. In north Midtern®s a 80 m thick arkose is
found only on the south side of a major NE fault line, and in southern
west Midternes a feldspathic greywacke unit containing perhaps locally
derived shale and siltstone fragments occurs only on the south side of an
ENE-trending fault line. It seems possible that these deposits may owe
their existence to movements on the nearby faults. Fault movements
may have continued into Grensesg Formation time; an infraformational
dolomite breccia several metres thick at the base of the main dolomite
sequence in western north Midternss occurs in the immediate vicinity
of a NE-trending fault line.

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

Accumulation of dominantly argillaceous material continued into
late Greensesg 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 Midternees 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 Midterns, and the wedge-shaped arkosic deposits in both
areas, are fairly characteristic of the sedimentary associations in intra-
cratonic basins (auto- or zeugogeosynclines) (DarpLEs, KRuMBEIN and
Stoss, 1948). Thinner equivalents of the same types of deposit such as
occur in northern west Midternes, 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 Graense-
land. The Vallen Group cannot be traced continuously farther south than
the fjord Qoérnoq 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 Midternaes,
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 locally 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 Midternes and the type area (Grenseland),
but it is only in the southern part of Midternzs that the relationships
can be clearly demonstrated; this area is described first.

South of Akuliarutsip timilerssue and on the nunatak south of
Tordenss the regional dip of the Sortis Group is ENE at angles of about
25° to 45°, but as in other parts of Midternas, high anomalous dips in
various directions have been produced locally by folding and the in-
trusion of lenticular sills. In this part of Midtern®s 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 Brae with the Foselv
and Rendesten Formations of the Greenseland type succession (BoxDE-
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 Midternes is well exposed to the
north-west of Tordense, on the large nunatak south of Tordense and
along the north-west and west margins of Nuna gernertog. On Nuna
gernertoq the Rendesten Formation sediments, pyroclastics and sills are
succeeded by a very thick succession of pillow lavas. These upper lavas
are not represented in Greenseland, and it would seem logical to place
the upper limit of the Rendesten Formation (not defined in Greaenseland)
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 Qernertog 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 fault line at the south boundary of the ridge
Akuliarutsip timilerssue appears to mark an important boundary be
tween contrasting lithological developments of the Sortis Group. North
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of the fault 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 Birkesg 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-
naxs area pillow lavas were outpoured in Midternss north of the Akulia-
rutsip timilerssue fault line. Pillow lavas have not been recorded in the
Rendesten Formation of the type area (Grenseland) and although im-
portant in north Midternses they might be considered as atypical of the
Rendesten Formation as a whole. It is therefore proposed to distinguish
the pillow lavas of north Midternses which appear to be contemporaneous
with the deposition of the Rendesten Formation as the Perledal Volcanic
Complezx, after the good exposures in the northern part of Perledal.

In the Palisaden area sediments and pyroclastics of the Rendesten
Formation, which alternate 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 Midternes 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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Birkess and Perledal, and in the Palisaden area. In the northern Perledal
area and south of Birkesg 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 individual lava 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 Birkess and about 500 to 600 m north
of Birkess. In western north Midternaes 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 differential outflow 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
Volcanic 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 levels, 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 Midternees. South of Tordensg 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 Midternas. 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 Birkess 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 Midternws 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 field. Lavas have not
been recorded at this level in Grenseland (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 gernertoq, north of
Andess 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 levels, 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 Andesg. On eastern Nuna qernertoq and the nunataks to
its east massive igneous rocks lacking pillow structures were interpreted
as intrusive sills during a low-level 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 classic 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 gernertoq
(Fig. 8). In most pillow lavas the pillows are distinct and separate en-
tities. However, there occur in some parts of Nuna gernertoq sequences
of apparently interconnected pillows. They occur as sheets of lava 1m to
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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 (¢f. MacponaLp, 1953) but their association in
Midternses 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 caleite. 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 possible 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 Midternses were present
in an estimated 2°/, 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 SxypER and Fraser (1963) which
they considered to have developed by a mechanism of laminar flow.

Within a thick pillow lava sequence in north Midternss was noted
the occurrence of spectacular pillow breccias (¢f. HENDERSON, 1953;
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Fig. 9. Sectlion of a concentrically layered pillow with a calcite filled central cavity.
North of Andeseo.

CarvisLe, 1963) within a zone about 150 m thick and traceable for
about 1 km. These breccias can be traced laterally into normal pillow
lavas and there is an irregular but sharp junction between the two rock
Lypes. The pillow breccia comprises numerous small pillows of very
irregular shape, usually less than 50 em in their greatest dimension,
together with fragments of broken pillows which are embedded in a
tuffaceous matrix (Figs. 10 and 11). There was complete intermingling
of zones with mainly broken pillows and zones with mainly whole
pillows. The matrix consists of angular shards, globules and multiple
globular structures which are embedded in a fine-grained groundmass.
The globular or aquagene tuff is thought to develop by globulation
from a highly fluid magma under considerable internal pressure (CAr-
LisLE, 1963). The formation of pillows in such a tuff is apparently facil-
itated by a very small density contrast between pillow and tuff (SoLomon,
1966). Once formed the pillows cooling slowly in a medium of hot water
and hot granulating glass were able to deform appreciably during even
relatively gentle flowage of the pillow matrix (CARLISLE, op. cit.) or due
to accumulating overburden (Soromox, op, cit.). The rupture and dis-
aggregation of pillows is variously attributed to slumping and sliding
of pillows and matrix (CARLISLE, op. cit.; BAiLEY and HavLripay, 1963)
or to brecciation due to the increase in volume accompanying late-
pelagonitisation (Fraxce, 1967).
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Fig. 10. Pillow breccia comprising mainly entire pillows in a tuff matrix, North
Midterns.
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Fig. 11. Pillow breccia containing many broken fragments of pillows chilled only
on one margin. The globular nature of the tuff matrix is apparent. North Midternss.
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Boundaries between successive lava flows are difficult to determine
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 Midternas
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 Midternses 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 Midtern®s in
many respects. WEGMANN (1938) has recorded pillows on Arsuk & up
to 10 m in length and MuLLER (in prep.) in the same area has observed
examples 5m by 50 cm in cross-section. MULLER has observed central
vesicular portions in many pillows of Arsuk @, both concentric and radial
jointing, and pillows with multiple quartz and calcite-filled cavities
identical to those of Midternes. Pillow breccias in the Foselv Formation
of Grenseland have been figured by BonpEesEn (1962, fig. 84), and
examples from Arsuk &, where they form important sequences at several
levels, are described by MuLLER (in prep.).

Petrography and chemical analyses

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

Pillow lava (71285). Southern Midternes.
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, pale 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 pale 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 Midternes. Analysis Table 4.

Collected from the Foselv Formation localities illustrated in Figs. 10 and 11.

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 other tuffaceous debris in a mesostasis of chlorite, actinolite and
silica whose texture in places is suggestive of flow (c¢f. detailed petrology of these
rock types by CARrLISLE, 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 Na,O plus K,O for the lavas (and sills)
i3 plotted against SiO, and compared with the Hawaiian tholelite suite
field. The comparison of the average of the five Midternaes lavas with
the average Hawaiian tholeiite (MacpowaLp and Katsura, 1964) is
favorable in many respects, if the high H,O in the Midternss analyses
is allowed for (Table 4); the Midternss rocks contain somewhat lower
proportions of TiO,, Fe,O; and K,O.

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 of
spilitic rocks with the exception of low K,O. The percentage of Na,0
is about average for basalts and in only one 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 of pillows at three different
localities. Since the selvedges, or outer chills, of the marginal pillow
samples were not included in the analyses these pairs of analyses are not
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Table 4. Analyses of lavas
1 2 3 & 5 6 7 8 9 10
Average Average
25719 25781 71463 71464 24358 24357 25790 25791 of Hawaiian
2-6  tholeiite
Si0,...... 50.64 " 48.89 50.89 47.43 47.14 47.56 - - 48.38 49.36
TiO,. ... .. 0.87 1.57 0.75 0.84 0.79 0.83 - - 0.96 2.50
Al O,. . ... 13.92 12.76 13.43 12.92 15.23 14.25 - - 13.72 13.94
Fe,O,..... 1.45 2.64 1.29 1.12 1.42 1.65 - - 1.62 3.03
FeO...... 10.49 11.70 10.42 9.93 9.84 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 8.14 - - 7.23 8.44
CaO...... £.96 8.45 9.20 13.77 10.30 11.36 5.58 12.42 10.62 10.30
Na,0..... 0.21 3.22 443 1.90 2.30 2.01 2.90 2.98 2.71 2.13
K,O0...... 0.19 0.19 0.19 0.25 0.25 0.24 0.10 0.20 0.22 0.38
P,O; ..... 0.28 0.22 0.19 0.00 0.23 0.13 - - 0.15 0.26
COy ...... - Tr. - 1.00 - - - - - -
H,0+..... 7.48 3.29 2.78 3.73 4.35 3.41 - - 3.51 T
H20‘~ .... * * * * * * *® * — T
Total .. ... 99.96 99.10 100.33 100.02 100.23 99.50 - - - -
* Anpalysis on sample dried at 110°C for 2 hours. 1 Not given.
CIPW Norms
1 2 3 4 5 6
G o 16.70 - - - - -
Covinnn e 5.02 - - - - -
0] 1.12 1.12 1.12 1.48 1.48 1.42
ab ...l 1.77 27.21 34.91 16.06 19.44 16.99
21 1 R IR 22.76 19.79 17.54 25.97 30.47 29.13
di...ooovennnn, - 17.16 22.15 29.68 15.65 21.57
hy ... o 4£0.98 22.25 2.85 13.69 13.79 15.57
ol ... - 0.90 15.19 3.87 10.91 7.09
mt............. 2.141 3.84 1.87 1.63 2.06 2.40
) 1.65 2.98 1.42 1.60 1.50 1.58
AP vt 0.66 0.52 0.45 - 0.54 0.31
(& - - - 2.41 - -

Analysed samples:
Analysis no:
Globular tuff matrix of pillow breccia (Figs.10 & 11). Foselv Formation,
north Midternzs.
Massive lava flow. Near base of Qernertoq Formation, Nuna gernertoq.
Pillow 0.5c¢m to 2cm from margin. Perledal Volcanic Complex, western
north Midternzes.
Core of pillow of analysis 3.
Pillow 0.5 to 2 cm from margin. Foselv Formation, north Midternses.
Core of pillow of analysis 5.
Pillow 0.5 to 2 cm from margin (partial analysis). Qernertoq Formation,
Nuna gernertoq.

1

RN e I L ] w

o]

10

Core of pillow of analysis 7 (partial analysis).

Average of analyses 2 to 6.

1964, p. 124).

Average of 181 tholeiites and olivine tholeiites (MacDowaLp and KATsuRa,
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in all particulars comparable to those presented by BarLey and McCar-
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 (cf.
Table 4 and Fig. 15b). While comparable changes of composition within
pillows have been recorded in analyses quoted in BaiLey and McCALLIEN
(1960), variations in the opposite sense have been noted by Varrance
(1965).

The pillow breccia matrix analysed largely comprises chilled basaltic
lava and has similarities with the analyses of chilled selvedges of pil-
Jlows (VArLrANCcE, 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 H,0. 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
QOccurrence and character

Basic sills make up 30 to 409/, of the Sortis Group; a few examples
also ocour at a high level of the Vallen Group. The intrusive nature of
the sills is most clearly apparent in the Tordensg area and to the north
and north-east of Birkesg 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 can
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 between coarse- and medium-grained gabbro in the upper part of
a thick sill. Central Midternaes. Photo: Niers @. OLESEN.

truded into dominantly lava sequences appear to be more extensive and
generally thicker than those which have been intruded 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 boundaries with the medium-
grained zones (Fig. 12).

Nearly all sills are mesocratic with a colour index of 30 to 50. The
upper part of some sills and zones in the uppermost third of some thick
sills consist of deeply weathered melanogabbro. A thin altered sill west
of Perledal is entirely melanocratic. Some apparently leucocratic and
melanocratic parts of sills proved on close examination to be normal
rock types with a surface discolouration.

Columnar jointing is sporadically developed in the sills. The dimen-
sions of columns varies from about 15 ecm to 2 m (Fig. 13).

Examples of differential lithological layering have only been re-
corded in a few thick sills and take varying forms. Developments of
red spherulitic patches up to 1 em in diameter occur in some of the
thicker sills, particularly near the base and more rarely at the top. At
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Fig. 13. Crude columnar jointing in a thick sill on the north slopes of Palisaden.
The larger columns are up to 2 m in diameter.

the base of a sill in central Midternws the patches are concentrated in
thin layers at intervals of 4 to 7 em. In the upper part of a very extensive
sill 2.5 km north-west of Andeso apparent concentrations of ferro-
magnesium minerals occur at repeated intervals of about 3 m. The upper
part of a sill at the east side of the lake on Nuna qernertoq contains
several melanocratic layers 5 to 10 em thick containing conspicuous
amounts of ore. An intrusion in western Nuna gernertoq contains near
the top a 40 em thick amphibole segregation (Table 5, sample 33904).
On a small nunatak 3 km south-east of Palisaden a sequence of leucocratic
bands 5 to 40 ¢cm thick and extending laterally for several tens of metres
was observed; the successive layers are separated from each other by
several metres of normal mesocratic rock (Table 5, samples 25747 a and
25747h).

The sills of some areas are cut by leucocratic veins which appear to
be confined to the body of the sill and do not extend into the surrounding
rocks. The best examples of the veins are seen on the nunatak south of
Tordenss where they exceptionally reach thicknesses of 1 to 2 m. Min-
eralogically the veins are composed chiefly of quartz, caleite or clino-
zoisite usually with one mineral dominant; epidote and ore occasionally
occur as accessories. Most of the veins appear 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 of sills

GGU Pl p Am- o Alter- i 1
No. ag. Pyrox. pi. e .tion Locality and leve
= e
25747a .... 534 288 152 1.4k 1.2 Mesocratic layer | & §@§
25747b .... 68.8 22.8 3.8 1.6 3.4 Leucocratic layer [ g Dﬁgo
177} M &
o
33907...... 50.6 28.8 136 1.2 5.8 0.2 m from top o
33906...... 52.3 214 154 2.0 9.3 5 m - - |2
33905...... 46.8 325 106 1.3 9.4 167m - - | &}
33904...... 1.8 041 839 80 6.2 17 m -~ - fg o
33903...... 452 284 123 3.4 11.0 178m - - | o | B
33902...... 516 27.6 94 25 103 20 m - - (5 | 2
33901...... 553 346 28 1.6 5.7 35 m - - |& | @
25800. . .... 556 325 25 1.6 7.8 50 m - - | £ |8
25799...... 62.3 33.0 1.2 0.6 3.0 65 m - - |2 | =
25798...... 67.7 21.6 45 1.4 4.8 9 m - - |g 5
25797...... 574 328 15 08 7.8 125 m - - 2
71286. .. ... 466 420 00 32 102 3km WNW of Andess | £
71409. . .... 554 357 00 39 50 | 3km W of Andess e
71397...... 585 215 04 46 7.2 Palisaden
71402...... 46.4 275 3.7 48 17.6 5km W of Palisaden
24390...... 55.2  26.6 0.6 2.2 15.2 4 m from top ],c
24389...... 52.4 337 8.0 42 6.7 29m - - [Ea|, &
24387...... 583 275 46 1.6 8.0 tm - - 2 g 3=
24386. .. ... 56.3 333 32 1.6 5.6 79m - - £3|H<
24385. ... .. 494 333 56 19 104 | 10om - - [EZ|OZ
144m - - < o
24384...... 543 305 62 24 7.0 { sm -  base = E
71238 450 0.0 435 3.0 85 Z =
...... . . . . . . =2
71239...... 5.0 0.0 407 12 71 } West Midternas e
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cessory amounts. Alteration is marked in all specimens, reaching in
exceptional cases 179/, of the modal totals.

The samples listed in Table 5 were collected from 8 sills, the lowest
of which is in the Blais 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°¢/,) and in
only a few samples has a lime-poor labradorite (An 549/,) 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 pale brown common augite which
occurs in small subhedral prisms, 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 little stilpnomelane.

In the thin section descriptions of specimens of sills given below
the plagioclase compositions suggest classification as diorites or 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 Midternses. Mode Table 5.

From the upper part of a thick sill in the Greensesg 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
pale 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 cleavages. The hornblende is often partly chloritised and in
addition the borders and terminations of the laths may be fringed by fibrous actin-
olite. Plagioclase occurs in equidimensional aggregates intergrown with the horn-
blende. The plagioclase 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 clusters.

Pyroxene ‘gabbro’ (71874). West of Andesg.

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
plagioclase and pyroxene. The plagioclase is partly saussuritised but albite twinning
is clearly 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 plagioclase into cloudy laths has a patchy distribution on the slide
and it is in these areas that clusters 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 plagioclase
and chlorite microlites.

Pyroxene ‘gabbro’ (38902).Nuna gernerfoq. 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 em in diameter. The phenocrysts are pale brown augites which
enclose laths of saussuritised plagioclase in ophitic relationship. Wedge-shaped areas
in the pyroxenes are composed of pale 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 plagioclase 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 Tordensg. Analysis Table 6.

From a deeply weathered band in a sill of the Rendesten Formation.

The weathered zone from which this specimen derives can 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 products 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 Na,O plus K,O against SiO, for Ketilidian igneous rocks compared
to the fields of occurrence of the Hawaiian alkalic and tholeiitic suites adapted from
MacponaLp 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 small laths of andesitic composition. Micrographic intergrowths
of quartz and feldspar are widespread. Scattered laths of pale 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 of these are of normal sills of which the modes are given in Table
5; the fifth sample (78889) is from a melanoecratic 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 little normative nepheline. In the plot of Fig. 14, which includes
sills and lavas of Midternas, Grenseland and other areas, the general
affinity of Ketilidian igneous rocks with the tholeiitic suite is evident.

Comparison of the average Midternas sill (Table 6, no. 6) with the
average Midternss 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 H,O are features common to both sills and
lavas and are in line with the view that both intrusions and extrusions
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Table 6. Analyses of sills
1 2 8 4 5 Avgrage
78889 71238 24386 33901 33907 9.5
Si0p. . eevnnt 55.73 52.26 47.84 51.62 49.83 50.39
TiOg. o v vvnt.. 1.96 1.79 0.57 0.52 0.75 0.91
AlLO ... ... .. 10.83 11.57 15.62 15.28 13.84 14.08
Fe,O05..... ... 8.29 2.20 2.23 2.16 0.92 1.88
FeO.......... 8.91 12.47 5.96 5.04 9.14 8.15
MnO ......... 0.28 0.17 0.81 0.16 0.17 0.33
MgO ......... 1.78 4.31 8.05 7.87 8.60 7.21
CaO.......... 4£.09 8.36 14.31 10.13 7.99 10.20
Na,0......... 3.93 3.58 2.10 4.26 3.60 3.38
K,O.......... 1.25 0.45 0.57 0.20 0.40 0.40
P,O; ... 0.62 0.15 0.08 0.06 0.10 0.10
COy v, - -~ - - 1.05 -
H,O+......... 2.81 2.40 2.16 2.80 3.80 2.79
H,O—......... * * * * T o* -
Total......... 100.48 99.71 100.30 100.10 100.19 —
* Analysis on sample dried at 110°C for 2 hours.
CIPW Norms
1 2 3 4 5
ST 17.05 3.05 - - -
[0 SN 7.38 2.66 3.36 1.18 2.36
ab ... 33.21 30.26 15.51 36.00 30.43
21 ¢ 8.22 1417 31.49 21.97 20.41
ME. vttt eeeeenieerennnns - — 1.21 — -
di... 6.72 22.14 31.44 22.32 9.73
hy oo 7.88 18.06 - 0.27 17.71
16 P - —_ 10.56 11.23 10.32
mt......... i, 12.04 3.20 3.24 3.14 1.34
| e 3.72 3.40 1.08 0.99 1.42
AD ot et 1.47 0.35 0.19 0.14 0.24
[ P - - - - 2.53

Analysed samples:

Analysis
no:

1 From a melanocratic zone in a sill in the Rendesten Formation north of

Tordensa.

2  Hornblende gabbro sill in the Graensess Formation of west Midternaes.
3  Gabbro sill in the Foselv Formation of western north Midternszes.

4  Gabbro sill in the Rendesten Formation of western Nuna gernertoq.
5
6

Chilled gabbro of same sill as analysis 4.
Average of analyses 2-5.
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Fig. 15. K,0/Na,0/CaO variation diagram. a) Analyses of all Ketilidian igneous
rocks. b} Midternas pillow lavas showing variations between centres and margins
of pillows. The numbers refer to the analyses in Table 4.

werederived from the same magma chamber. The equivalent Grznse-
land analyses (BoNDESEN, in press) show the same characteristics. The
K,0-Na,0-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 BaraceEr (1968) that
potash-poor magma may be characteristic of Precambrian geosynclinal
voleanism; 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 Midternes 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 BaraGer (1960)



11 The Ketilidian rocks of Midternses 5

An

s Midternaes lavas
4 Midternzes sills

» Graenseland sills, one lava and
one tuff (Bondesen, in press)

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

v IV 2 V3 v V3

Ab

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 levels,
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 Tordensg, north of Birkeso
and Perledal, and on the west slopes of Palisaden. Many of these se-
quences occur at approximately similar levels of the Rendesten Forma-

A
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Fig. 17. Volcanic breccia south of Tordenss. Traces of bedding may be seen in some

D
of the large blocks of tuff. Photo: Stic BAx JENSEN.

tion succession but it is likely that they represent several eruptive
phases. The various deposits cannot and be traced continuously along
their strike and many of them have a lenticular form.

The pyroclastic sequence south of Tordenss has a thickness of at
least 250 m; it outerops for more than 2 km traced along the strike and
at both extremities of the outcrop is bounded by the Inland Tce. It
begins with 20 to 30 m of well bedded tuffs and lapilli tuffs, which rest
on a thick sequence of banded shales, and continues with a 50 m thick
unit of spectacular volcanic 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 perhaps trachytic or rhyolitic composition,
and small and large angular and rectangular blocks of bedded tufls
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Fig. 18. Detail of volcanic breccia. Fragments of bedded tuff and andesite are set
in a vitric tuff matrix.

which may be up to 2m by 50 ¢m in cross-section. These components
are embedded in a fine-grained pale grey tuffaceous matrix (Figs. 17
and 18). The remainder of this pyroclastic sequence comprises alterna-
tions of well bedded tuffs and lapilli tuffs, agglomerates and breccia-
agglomerate units. The dimensions of some of the components of this
sequence indicate highly explosive activity and imply that the site of ac-
cumulation was probably adjacent to an eruptive vent. Much of the pyro-
clastic material in this sequence is of intermediate or acid composition.

North of Birkeso occurs a pyroclastic sequence at least 50 m thick,
its upper limit being concealed by a thick sill. At the base of the sequence
occurs a 1 m thick agglomerate comprising volcanic bombs of homoge-
neous and slightly vesicular lava, angular fragments of bedded tuffs up
to 20 cm in length, shale fragments up to 7 em by 2 cm in cross-section
and several dolomite pebbles. These components occur in a non-bedded
lapilli tufl matrix partly cemented by carbonate. The agglomerate is
overlain by mostly well bedded tuffs and lapilli tuffs which exhibit
locally examples of cross-bedding. The lapilli tuffs contain subrounded
fragments of pale grey rhyolitic material, often concentrated in layers
and embedded in a fine-grained tufl matrix.

Between Perledal and Sermiligarssuk Bree there outcrop several
thick bands of dolomitic lapilli tuffs and agglomerates. They comprise
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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 pale 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 Tordensg.

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.

Volcanic breccia (25742). South-west of Tordense.

Collected 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 pale 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 Tordense.

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 possible 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 particles. Secondary carbonate, sericite, chlorite
and quartz are common products 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 can be discerned.

15) Sedimentary rocks of the Sortis Group

Sedimentary rocks form important sequences in the Sortis Group
in the Palisaden, Birkesg and Tordenss areas. They are most abundant
at the level of 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 reflect 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 Tordense there
outcrops a distinet variety of banded siltstone characterised by the large
scale of the banding (Fig. 20). Bands of coarse siltstone up to 40 em 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 Midternas. Rocks of identical appearance have
been recorded by Bonpesen (19625 in press) in the Rendesten Formation
of north Greenseland.

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 siltstones. South of Tordensa.

Quartzites and cherts are locally of importance. Chert beds several
metres thick and locally of mappable proportions occur particularly at
the top of certain thick lava flows, the best examples outcropping in
western north Midternzs. Two 10 to 15 m thick chert and jasper lenses
several hundred metres in extent have also been noted in the otherwise
monotonous pillow lava successions on Nuna 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%/, Fe,0, and 4.00°/, FeO by weight (analysis
I8 Sorensen). Within the thick pillow lava sequences chert frequently
occurs in spaces between adjacent pillows, and may also occupy the
cavities within some pillows.

A distinctive development of chert lenses and layers in a deeply
stained blue-black pelitic matrix has been observed at several levels of
the Rendesten Formation east ol Tordenss and in western Nuna qerner-
toq (Fig. 21). An identical rock type has been noted by BoNDESEN
(1962, Fig.115) in the Rendesten Formation of Graenseland. The lens
development appears Lo be an original sedimentary feature although
Boxpesen considers they may have developed from the boudinage of
competent quartzitic 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 Group sediments are therefore given here.
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Fig. 21. Chert lenses in a shale matrix. South of Tordense. Photo: Stic BAx JENSEN.

Banded siltstone (78892). Nunatak south of Tordensa.

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 layers of which
the latter are finely bedded. In thin section the rock consists of a closely packed
mosaic of quartz and feldspar grains in proportions of approximately 2:1. In parts
of the slide the grains are rimmed by a meshwork of fine sericite shreds, but more
commonly the boundaries between adjacent grains are sutured as a consequence
of recrystallisation or solution. The feldspar is mainly albitic plagioclase. The grain
sizes vary between those of coarse silt and fine sand, most grains being between
0.02 mm and 0.1 mm diameter.

Quartzite (78894). Southern west Midternaes.
From a thick quartzitic sequence at the base of the Rendesten Formation.
The hand specimen is pale 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 feldspar grain occur in a matrix of fine sericite fibres, microcrystalline
quartz and a little calcite. The grains are mainly between 0.1 mm and 1.0 mm in
diameter and they all exhibit undulose extinction due to strain.

Spotted shale (71270). Southern Midternzs.

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

Dark ovoid spots up to 3 mm in diameter occur throughout the specimen and
obscure the bedding which is only discernable on the sectioned surface. In thin sec-
tion the material between 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
mafterial collected from the same locality and observed traces of twinning in some
of the spots which he identifies as strongly sericitised cordierites.

Purple shale (71384). Palisaden, northern Midternzes.

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, purple 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 lenses of microscopic quartz and scattered
grains of ore.

16) Conditions of deposition of the Sortis Group

The Sortis Group in Midternses 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 volecanic
vents and the volume of lava extruded from them. The total thickness
of the flows implies either 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 can 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 Midternss 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 BonxpEsEN (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 Midternses 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 Tordense
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 a second
major basic extrusive phase of the Sortis Group volcanic episode. The
proportion of sedimentary material is negligible and about 759/, 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 all levels; 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 already 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 Greenseland (BONDESEN, in press)
and a similar approximately equivalent sequence is known on Arsuk O
(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 ALraarT
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; GoopwIN and SHKLANKA, 1967) and their con-
ditions of accumulation may be comparable. GoopwIiN 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 possible 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 Midternss in contrast to their widespread occurrence
as pyroclastics and lava flows in the areas described by Goopwin and
SHELANKA.
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17) Metamorphism of the Ketilidian rocks

The Ketilidian strata of Midternas 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 disseminated 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 Midternes can be regarded on the whole as regionally metamorphosed
under low greenschist facies conditions.

Southwards from Midternes, 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 Grense-
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 possible 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 outerop in a belt along
the margin of the Inland Ice, in Kobberminebugten and on Arsuk ¢
(Fig. 2). They are considered by AvrvLAART 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 @. 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
Tlordleq Groups with an estimated total thickness of 5000 m (ALLAART
et al., 1969; Warrerson, 1965). Recent observations by GHISLER
(1968, p. 48) have, however, raised the possibility that the Ilordleq
Group may be of pre-Ketilidian ‘age.

The general Ketilidian successions in Grenseland, Arsuk ¢ and
Midternzs and the most likely correlations between the areas are shown
in Fig. 22.

The general good correlations between Midternses and Greenseland
have been previously noted by Hiccins and BonpESEN (1966). In this
paper correlations with the type area of Greenseland 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 Midternes 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-
nes and Grenseland are indicated in Plate 4.

There are many similarities between the successions of Midternzes
and Grenseland and that of Arsuk @ (Fig. 22). MuLLER’s lower group
comprising largely sediments can be correlated with the Vallen Group
and his volcanic group is equivalent to the Sortis Group. Correlations
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11 The Ketilidian rocks of Midternses 65

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 ¢J. The volcanic succession on Arsuk
@ has, however, a total thickness similar to that of the Sortis Group
succession on Midternss. It may be that in Rendesten Formation time
lavas were extruded in the areas represented by Arsuk ¢ and northern
Midternzs, and the Perledal Volcanic Complex might have an equivalent
in the middle part of the volcanic group on Arsuk ¢J.

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
Midternzs 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 AvrraarT 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 Midternss or
Granseland.

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 Midternas 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 Frederikshabs Isblink (BErTHELSEN and Nork-NYGAARD,
1965). A complex network of intersections between dykes particularly
in northern Midternas 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



66 A. K. HigeIns I1

Metadolerites (MDs)

A few NW-trending metadolerites cut the pre-Ketilidian rocks of
the west peninsula of Midternss, 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 Midternzs 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
5m 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 can be shown
to cut Ketilidian strata. They were first recorded in Greenseland by
BonpEsEN (1962; in press) and recent mapping has shown that the
swarm continues north-westwards for at least 100 km to the vicinity of
Frederikshdb town. These dykes are not metamorphosed in Midternss
or areas farther north but are recorded by BoNDESEN (in press) as weakly
metamorphosed in Grenseland where they may also have suffered weak
shear movements.

‘140’ dykes

Examples of grey to grey-black dykes up to 8m wide and with
rather variable trends between 100° and 150° outerop in parts of eastern
Midtern®s and on the two large nunataks south-east of Midternes.
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 Midternes.

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 Midternes dykes (Buirock, 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 Midtern®s. 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 Midternses 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 lamprophyres cut examples of the ‘420’ 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 Midternes 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 Frederikshéb. In the Ivigtut area regional mapping
has led to the distinction of three or four successive phases of BD in-
trusion (BERTHELSEN, 1958; Ayrron, 1963; WEIDMANN, 1964; BoNDE-
SEN, In press).

In north Midternes 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 Midternes 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 Midternes 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 may also 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 Midtern®s 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 Midternas are
summarised below:

BD
Phase 1: three examples up to 60 m wide with trends of 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 (Bripg-
wATER and Harry, 1968). In Midternses 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 Midternses. 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 Midtern®s. 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 Frederikshab
district and found that the nodules were of deep-seated origin.



III. STRUCTURE

1) General

The Ketilidian strata of Midternes have undergone mild folding
accompanied by very little internal deformation; the pillow lavas and
the spherical fossil Vallenia, except very locally, exhibit no modifica-
tions in shape. Southwards from Midternes 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 faults affect the Ketilidian
rocks of Midternas. 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 (F,) folds are close to isoclinal recumbent folds and phase
2 (F,) 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 (F;) folds is uncertain.

An ESE-WNW trending zone of south dipping thrusts, the Andesg
thrust zone, is cut by the “120°, ‘440’ and brown dykes. Its age is prob-
ably Ketilidian.

Most of the faults can 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 fault movements.

The major change in strike of the Ketilidian strata from NW-SE
in west Midternes to E-W in north Midternss is difficult to interpret
solely in terms of the folding and thrusting described in the following
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. 23. Analysis of bedding plane measurements.
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Fig. 25. Large scale recumbent F, fold in massive quartzites south-west of Akulia-
rutsip timilerssue. The fold axis of the structure dips at a low angle in a NE direction.

Bedding plane measurements are analysed in Fig. 23; from this the
major swing in strike described above may be appreciated. The wide
spread of plots in each subarea may be attributed to a number of factors,
including inconsistencies in orientation introduced by the intrusion of
lenticular sills, distortion due to F, deformation and, most noticeably,
the influence of major F, ENE folding (Fig. 23, subareas a & ¢).

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

It should be mentioned that in his preliminary investigations of
Midternes Oex Ing Soenx (1960) had already recognised refolding in
the sediments (the interference of F; and F, of this paper). He also
observed open NE-SW trending folds (F,) and noted an ENE-trending
vertical cleavage in the sediments and locally in the lavas (the F, axial
plane cleavage).

2) First phase folds and thrusts

The folds in the Ketilidian strata distinguished as first phase strue-
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 F, structures are not uniformly developed. They have
not been recognised in the lavas and sills of the Sortis Group and their
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Fig. 26. Analysis of F, structural data.
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Fig. 27. Structural interpretation of a complex area south-west of Akuliarutsip
timilerssue.

distribution in the sedimentary rocks varies widely from area to area.
The majority of folds observed appeared to be overturned towards the
south, but exceptions to this general rule have also been recorded.

The F, structural data are analysed in Fig. 26. The wide variation
in the plots of axial plane poles can be largely attributed to I, refolding;
the initial axial plane orientation was probably flat lying and subparal-
lel to the bedding. Of the F, fold axes which could be measured most
plunge at low angles between NNE and ENE. Where F, folding is well
developed F, structures are difficult to recognise, but a streaky lineation
possibly of F, age has occasionally been traced over the crests of F,
minor folds.

F, folding is particularly strongly developed on the plateau area
west of Akuliarutsip timilerssue (Fig. 26, subarea d and Fig. 27). Iso-
clinal minor folds are conspicuous in the Calcareous Member here and a
number of major folds can be distinguished. In this area the plane of
unconformity has been deformed and sheared and pre-Ketilidian gneis-
ses form the cores of several tight major F, anticlines (Fig. 27). In this
zone of intense disturbance the basal Ketilidian succession is locally
incomplete, the Sandstone Member being either tectonically reduced in
thickness or absent.

North of Birkeso shearing has been observed locally at the plane
of unconformity and extends to a depth of about 2 m into the Tartoq
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Group schists beneath the unconformity. The shearing is quite probably
of F, age. Shearing along the plane of unconformity is a common feature
in Greenseland (BoNDESEN, in press), and farther south the unconformity
becomes progressively more deformed (WinDLEY et al., 1966).

F, 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 Tordense. In the relatively competent se-
quences of pillow lavas and sills folding is absent, but F, stresses appear
to have been accomodated by movements along low angle thrust planes
at several levels. 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 Midternees, which locally transgresses and cuts out part
of the Grensesp Formation, may be of F, age.

3) Second phase folds

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

Minor ¥, folds are usually only observable in the sedimentary rocks,
particularly in sequences of banded siltstones and calcareous shales (Figs.
5 and 28). An F, 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 Midternaes, where it is also apparent in the im-
mediately adjacent pre-Ketilidian gneisses. The analysis of structural
data from F, 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 50° 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 inclination in northern
Midternss and a north-east inclination in western Midterns.

The best examples of major F, folds occur north of Birkess where,
between the plateau area and Sermiligirssuk Bre the unconformity is
clearly deformed (Fig.31). It is clear that the Tartoq Group schists
which occupy the F, anticlinal fold cores have accomodated F, deforma-
tion but only a few minor folds of definite F, 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, folding in calcareous shales. South of Akuliarutsip
timilerssue.

Fig. 29. Banded shale with F, folding and a strong axial plane cleavage. North-west,
of Perledal.
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Fig. 30. Analysis of I, structural data.
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Fig. 31. Structural interpretation of part of the area between Birkese and Sermili-
garssuk Bre.

A number of major F, folds have been recognised in the Sortis
Group (Fig. 24) but in general the complex outcrop pattern and the
distortion of bedding orientation caused by the lenticular intrusive
bodies considerably hinders interpretation. Occasional shear zones paral-
lel to the F, axial plane orientation have been observed in several areas,
in particular north of Birkeses. A steep axial plane cleavage with as-
sociated F, folds can 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 appear to be
generally unaffected by deformation (Figs. 7 and 8).

4) Third phase folds

Between Birkese and Tordense it proved possible to distinguish a set
of minor folds with consistently gently inclined axial planes. They have
a brittle appearance often with fractures parallel to the axial planes
(Fig. 32) and have been distinguished as F; structures. Compared to the
F, and I, structures they are of little importance. The few measurements
of F; structures are given in Fig. 33.

The F; folds may be representative of but one of several phases of
minor folding which affect the Ketilidian rocks. Other minor folds are
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Fig. 32. Weak I; folding with a low-angle axial plane cleavage. South-east of
Akuliarutsip timilerssue,

s Poles to axial planes

v Fold axes

Equal-area lower hemisphere projection

Fig. 33. F, structural data.

considered in a later section together with conjugate fold structures.
The age of the I, minor folds is difficult to assess. Their brittle appear-
ance suggests they may have developed towards the end of orogenic
deformation.
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5) The Andesgs thrust zone

A zone of southward-dipping thrusts may be traced across Midter-
na®s from east to west. The zone is conspicuous near Andesg in eastern
Midternes and westwards is displaced dextrally by two major NE faults
before reaching Sermiligirssuk Bre (Fig. 24).

In Midternas 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 difficult 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 already been
noted, but movements on the thrust appear to have accentuated the
differences. Near Andess a high level of the Qernertoq Formation lies
in thrust contact with an intermediate level of 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 Sermiligrssuk Bree; the thrust may have had an overall
scissor-like movement.

The thrust movements predate the major NE faults and also the
dykes; ‘140’ dykes cross the fault zone without displacement near
Andesg. Although it appears as a thrust in Midternes, traced north-
wards it passes into an E-W fault. It is possible that it bears some
relationship to the group of E-W to WNW-trending sinistral faults
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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Fig. 34. Location of congugate fold and kink band observations.

sediments, particularly in western Midtern®s. Folds of this type but
distinguished by having flat-lying axial planes have been described
above as phase 3 folds. Most of the angular minor folds have, however,
steeply inclined axial planes with somewhat variable strike directions.
Folds with WNW-striking axial planes and Z-shaped profiles were most

Fig. 35. Kink bands of the WNW trending set in Tartoq Group schists.
189 6
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Fig. 36. Analysis of conjugate fold and kink band structural data.

often encountered, and where they have developed in pelitic rocks a
strain-slip cleavage is often apparent.

Angular Z-shaped folds with WNW-trending axial planes also occur
in the pre-Ketilidian gneisses and schists. It has also been observed in
a number of instances, mainly in the pre-Ketilidian rocks, that two
sets of angular folds, one set with S-shaped profiles and the other with
Z-shaped profiles, occur in association, forming the structures known as
conjugate folds (Jounson, 1956; Ramsay, 1962).

The locations of observations of conjugate folds and also minor
angular folds are shown in Fig. 34. Observations are particularly abun-
dant in the vicinity of the major WNW-ESE fault which traverses the
pre-Ketilidian rocks of west Midternas, where some major folds appear
to be related to movements on the fault. Fig. 35 shows some well devel-
oped WNW trending kink bands.

The orientations of axial planes of 25 conjugate fold observations
are plotted in Fig. 36a, distinction being made between component parts
of the fold with S-shaped or Z-shaped profiles. The data for kink bands
not observed to form parts of conjugate folds are plotted in Fig. 36b;
many of them have similar orientations to the conjugate fold plots
although some are apparently unrelated. Difluse maxima corresponding
to the WNW-trending folds are apparent in both diagrams.

Assuming that the two axial planes of a conjugate fold are sym-
metrically disposed to the applied stresses under which they develop,
then the axes of the stress system may be determined from the intersection
of the two axial planes in the manner proposed by Ramsay (1962).
The results of these computations for the Midternws conjugate folds
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are given in Fig. 37a and are fairly consistent. The majority of the
conjugate folds would appear to have developed under a stress system
whose maximum compressive stress was horizontal and directed NE-SW.

The mean of the computed stress axes is compared in Fig. 37b
with the trends of a group of WNW sinistral faults and a group of NNE
dextral faults. While the sense of displacement on these two fault trends
and the conjugate folds is consistent with development under similarly
oriented stress systems their period of formation was not necessarily
synchronous. Furthermore, as is described in a later 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 or steeply inclined veins of quartz and/or calcite, rarely with small
amounts of epidote, pyrite or clinozoisite. The veins have not been
observed 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 Tordenss where quartz veins exceptionally
reach thicknesses of 1 to 2 m.

The strike of the veins is variable, although it tends to be fairly
consistent within small areas. The stereogram plot of Fig. 38 suggests
a dominant ENE strike, but nearly all observations of this strike were
noted south of Tordense or on Nuna qernertoq.

The origin and age of the veining is uncertain. Some veins may be
derived from residual siliceous solutions related to the late stages of

6*
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Fig. 38. Stereogram plot of poles to quartz and calcite veins.

crystallisation of the sills. However, many of the veins probably result
from the secondary filling of fissures and joints which developed during
Ketilidian deformation of the relatively competent sills. A few calcareous
veins clearly occupy shear zones. North of Birkesa a 5 m wide ‘120" dyke
clearly cuts several thick quartzitic veins, but it is itself cut by a later
thin vein.

There is no associated mineralisation of economic significance.

8) Faults

The location of the main faults and thrusts of Midternas are in-
dicated in TFig. 39. Most of the thrusts are low angle and probably are
related to phase 1 folds. The Andeso thrust zone has been described
separately. Some of the faults have a long history and may be shown
to have moved on several separate occasions. Many faults displace
Gardar dykes.

Analysis of the fault trends indicates three prevalent directions,
NNE, NE and ENE and a less common WNW trend; in adjacent areas
the WNW faults are of major importance. The Midternzes faults exhibit
in some cases variations in trend, or branch into several faults with dif-
ferent trends. The principal movements on the faults appear to be
lateral and are detectable from the displacement usually of dykes. It
is thought likely that there is at least some vertical component of dis-
placement on many faults, but this is difficult to demonstrate due to
the absence of suitable marker bands.

In Fig. 39 the principal faults of interest are each indicated by a
letter corresponding to its main trend, and a number for ease of reference.
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In the descriptions of the stratigraphy it was suggested that move-
ments on the faults C; and B, 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 G, 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 Gransess Formation
found on the south side of the fault B, is totally lacking in the area
just north of the fault.

The C; fault line separates areas with marked differences of bedding
inclination. 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 B, and B, also appear to exhibit some phase 2 axial
plane movement.

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

Many faults are late-Gardar or post Gardar in age (A,, A;, B, By,
D,) and cut most or all BDs. The only example of a phase 7 BD is in-
truded partly in the mylonite zone of the A; 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, closely 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 Dy, D, and D, all have sinistral displace-
ments, of about 4.5 km, 80 m and 50 mn 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 Midternes 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 faulting 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 faults took
place (BERTHELSEN, 1962; Ayrron, 1963; WEIDMANN, 1964; BERTHEL-
sEN and Noe-NvGaarp, 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 Midternes 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
faults, in tensional joints parallel to the largest principal stress and
normal to the smallest principal stress with trends of between 030°
and 080°.

9) Joints

Jointing is conspicuous in the Ketilidian strata, particularly in the
sills and to a lesser extent in the lavas. In the field it proved very dif-
ficult 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 or
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 or mod-
erately inclined.

There is a close similarity between the main vertical joint trends
and the trends of faults (Fig. 39) as perhaps might be expected; the
045° joints are approximately parallel to the NE faults, the 080° joints
to the ENE faults and the 110° joints to the WNW faults.
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Fig. 40. The joint pattern in gabbroic sills north of Birkess. Prepared from aerial
photographs.

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

The calcite and quartz veining discussed above is preferentially
found in the 080° joints in parts of southern Midternaes. 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, axial plane cleavage is
locally pronounced; much of the 045° jointing could be of F, age.

10) Summary of structures

The deposition of the Ketilidian succession was influenced to some
degree by movements along several fault 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, 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, minor folds were rarely observed in the gneisses and
Tartoq Group schists.

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

Movements on the major Andesg 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 faults, 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 influence of the same regional stress conditions.

11) Comparisons with the Ketilidian fold chronology
of other areas

The Grenseland area

In Greenseland, which lies due south of Midtern®s, 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 F, 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 isoclinal. In
some areas I', structures have a diapiric style. The pre-Ketilidian base-
ment exhibits broad anticlinal F, folding, but also a brittle reaction
with the development of closely spaced small faults parallel to ¥, 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 faults.
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The general correlation of the fold phases 1 and 2 of Midternss
and Graenseland has been recorded previously (Higeins and BoNDESEN,
1966; BoNDESEN, in press). It may be noted that an F, axial plane
cleavage is not conspicuous in Midternas, and that faulting parallel to
F, axial planes-is much more. pronounced in Granseland. A general in-
crease 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 WinpLEY et al. (1966). The
Grenseland phase 3 structures associated with faults are probably
equivalent to the WNW-trending kink bands of Midternses.

The Arsuk @ area

In his description of the Ketilidian structures of Arsuk J 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 @
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 O, Midternses and Granseland and it is likely that
they are more or less equivalent. The F; axial plane schistocity is com-
mon to Arsuk ¢ and Grenseland. The two F, axial trends noted by
MuLrLEr 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 Julianehdb and Frederiksdal has been prepared by WinDLEY
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(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 some similarities.
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PE3IOME

Keruaupckue CcynpakpycTadbHBIE, HAXKOPOBHE MOPOAH BHIXOJAT Ha IO-
Bepxuocts B IOro-3amamuoii Tpennmamgmu. OHE cHaraioT CTPYKTYDHBIR IOAC,
KOTOpHI IpoclemuBaeTcss OT pakiona MugTepHsc K Iory, 4Yepes TeppHTOPHIO
T'poHcenany keruanpckoro tTuna (BoNDpESEN, B meuarn), mo paiiona Ho66epmunGyrT
(Pur. 2). OcamovHble M ByJIKAaHMYECKHe NOPOIHI, TAK#e OTHOCUMBIC K KETUIMICKOM
cepun, obHaskaloTcA B pattoe Ppopma TacepmumyT B 225 KM 10ro-BOCTOYHee paiioHa
Muprepuac (fur. 1).

B nacrosameil pabore onmmcaHa cTpaTUrpadua ¥ [AHBEl CBEJeHHA O Pa3IMUHBIX
neOpMAIHOHHBIX CTPYKTYpaX KeTHAWACKUX mopop paiioma Mupreproc (Tabi. 2).
Koppensinusi  mexsay Teppuropumelt MunrepHac M npuMBIKaome# K Heit ¢ ora
reppuropuneil I'ppHCETAH NPOBeleHA IO TPYIIOBHEIM M QODPMANMOHHEIM IPU3HAKAM
nopox (¢ur. 22 u npux. 4). B onwceiBaeMoM paiioHe BHAENAKTCA Ipynnel Bamien
u Copruc ¥ cOOTBeTcTByWOIMe uM Qopmarum. OO MOIHOCTE KeTUIMACKUX
OTIIOKEHMIT, BRIXOIAIUX HA IIOBEPXHOCTb, COCOTABIAeT OKO0JO 5000 M.

IIpenmyIecTBeHHO OCAAOYHEIE OTJIOMEHWS BAIEHCKOH TPyNNH HECOrJacHo
3QJIETAI0T HA TOKETHIUACKUX I'HelicaX W 3edeHbIX ciaaumax (fur. 3 w 4). HamGomee
paHHME OCAjKW, COCTOALINE N3 MAJNOMOIIHEIX KOHIJIOMEPATOB, KBAapLHUTOB M
U3BECTKOBHIX AJIEBPUTOB, OTJIATINCh B BaMKHYTHIX, OTpaHMYeHHHX OacceifHax,
¥ HX MOI[HOCTH M pPaCIpOCTPAHEHHOCTh HemocToaHHE (mpui. 3). Ilocnemymomue
ocagku HOCAT Gojiee riay0OKOBORHBIA Xapakrep, & TakKimke uUMel0T 6ojiee INHPOKOe
pacupocrpanenne. OHH COCTOAT IIPEMMYLIECTBEHHO M3 AJNEBPHUTOB ¢ KIWHOBHMIHBIMU
BKIIOUEHWAMN AapKO30BBIX IlecHuaHMKOB. Takasg ceMMEeHTAIMOHHAA ACCOMMALA
AIBIAIETCA MOBOJBHO XapaKTepHO#l A BHYTPHKPATOHHHX OacceliHoB. B To e
BpemMs Ha TeppuTopunm ['psHCeNaH NPOAOIDKUTENbHEE CepUI I'PAYBAaKKOB, CKOpee
XapaKTepUSYOMNX TIeOCHHKIMHAJBHEIE IIPOru6sl, 3aJeraloT HA TOM jKe CaMOM
YpOBHE BaJIIeHCKOHi Ipynnsl. BepXuAA 9acTh BAJJIEHCKOH IPYNOH IPefCTaBIeHA
ZOJIOMUTAMHI C BEIIOYCHUAMN CPEepHIeCKHX CTPYKTYD OPTaHMYECKOTO IPOHCXOMKTe-
HIfA, HAlleHHBIME HA NATH YYacTKax B paiomax Mngreprsc m I'psncemany.

T'pynma CopTuc B OCHOBHOM CIIOMKEHA MOINEOH TOJIIeH NOXYUIEYHHIX JAaB
COCTaBA TOJIEWTOBHIX 6Aa3aJbTOB € MHOTOYMCIECHHEIMA WHBEKIUAMN IHIACTOBEIX
MHTPYsuil, KOTOpHe (OPMIPOBANUCH, BOSMOMKHO, 13 OAHON M TOil e MAaTepMHCKOM
MarMel. AHaum3el JIaB M MHTPY3UIl XapaKrTepusylTcs HHU3KUM comepanmeMm Ti m
K un Buicokum copepswanmem H,O (rabn. & m 6). Ocajounble M NHPOKIACTAIECKAE
TIOPOABl MIPAOT BAKHYI pOJb HA HEKOTOPHIX YPOBHAX paspesa, OCOOEHHO B
IeHTPaTbHON yacTH coprucckoit Ipynnsl. Hammume denbsmueckoit ByIKaHMYECKON
Opexuymm (fur. 17) maer ocHoBaHMEe IIPEANOJAraTb, YTO Kparep BYJKaHa paclo-
Jarajica B IpefeldaxX IOKHOTO OKOHYaHuMA paitona Mupgrepmsc. Hammume Bys-
KaHWYecKHX 6GoMO6, BOBMOMKHO, YKAa3HIBAeT HA TO, YTO TIyOHHA MOpPA TOJBKO IO
BpeMeHaM OBLIa YMEDEHHON; HO TAK KAK HeNpPepHIBHAA TOJIMA IIOXYIIEYHBIX JAaB
MOIIHOCTBI0O BO MHOTO COTeH MeTPOB HpeACTaBideT OOHYHOE ABIEHHE, TO MOMHHO
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IPENTOIIOHHUTb, YTO OIyCKAHHE MOPCKOI'0 JHA NPOMCXOANIO DPABHOMEPHO IO Mepe
HAKOIIeHHA JIaBHI.

Ilerporpaguueckue HaOIOKEHUA MOKA3HIBAOT, YTO KETHIMACKAA CEpUA B
patione MunrepHsc nperepriela pPerHOHAJBHHIE MeramMopdmsm pemuma damuu
selleHBIX cuaHleB. K iory or MumarepHsc cremeHb DerdOHAIBHOTO MeTeMOpHH3MA
GLICTPO BO3pACTAET M B 50 KM K 10Ty OT pailoHa MOCTHraer AJNbMAHTMH-aMpuGomu-
ToBHX (amuit. Bospacradme cremeHM MeTaMop@u3Ma COIPOBOMIAETCA BO3pacTa-
HUeM HNHTeHCHBHOCTH XedopMaIium.

O0mupHoe cMeHmeHne Cy0-KeTUNMACKON NOBEPXHOCTH, BO3HUKINEE, IIO-
BHIUMOMY, GiarofapA ONyCKAHUIO MOPCKOT'O JHA, COMPOBOMIABIIEMY HAKOIJIEHUE
JIaBbI, NPEBAPMIIO MeBOCKOTIMYeCKOe CKIagxooOpasoBanme. B mepsylo ¢asy
CKIAXKO00pa3oBaHua CcHOPMUPOBATNCh M3OKIMHANbHEIE ONPOKUHYTHE CTPYKTYDHI;
MpOIEeCC COIPOBOKAANCH ciabo HAKJIOHHHIMA HaaBuramm. Bo BTOpyn dasy o06-
pasoBaiuMch OdeHb pacupocTpaHeunsie cTpyKTypsl CB npocrmpamms (fur. 24).
Bomee mosgHHE CKIAZKH MMeEOT HeGOJbIIOe BHAYEHHE.

T'1aBHKM THIIOM HapyLIeHUN ABIAKTCA Pa3phiBHBE HADYNICHUA . BOJbIMMHCTRO
Hapyuwenuit 3C3 HampaBleHWA UMEIOT JIEBOCTOPOHHEEe CMeIljgHWe, a HApYIIeHUs
BCB-CCB mampaBieHMss — INpaBOCTOpOHHee cMellenme (dur. 39).

CosKHBIN KOMIIEKC NaeK MepeceraeT KeTWINACKNe NOpOoxH B paitome Mug-
TepHsc. Heworopse u3 paex 3C3 HanpasieHUA MOryT GHITH NO3HE-KeTHIHACKIMH ,
HO IIaBHEIL morok jgaek ¢ mpocruparusimu or BCB mo CCB, BepoaTtHO, OTHOCHTCA
K TapfapcKoMy Iepuofy (mpma. 2).
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