
G E U S
Report file no.

22211

GRØ JLANDS GEOLOGISKE UNDERSØGELSE

BULLETIN O. 59

THE DEFORMATION AND
GRA ITISATION OF KETILIDIAN ROCKS

IN THE NANORTALIK AREA,
s. GREENLAND

BY

ARTHUR ESCHER

WITH U FIGURES AND 9 TABLES IN THE TEXT

AND 6 PLATES

DANISR GEOLOGICAL CONTRlBUTION
TO TRE INTERNATIONAL UPPER MANTLE PROJECT

Reprinted from
Meddele18er om Grønland. Bd. 172. Nr. 9

KØBENHAVN
BlANCO LUNOS BOGTRYKKERI A/S

1966



GRØNLANDS GEOLOGISKE UNDERSØGELSE

BULLETIN No.59

THE DEFORMATION AND
GRANITISATION OF KETILIDIAN ROCKS

IN THE NANORTALIK AREA,
S. GREENLAND

BY

ARTHUR ESCHER

WITH 44 FIGURES AND 9 TABLES IN THE TEXT

AND 6 PLATES

DANISH GEOLOGICAL CO~THIBUTION

TO THE INTERNATIO~ALUPPEH MANTLE PROJECT

Reprinted from
Meddelelser om Grønland, Bd. 172, Nr. 9

KØBENHAVN

BlANCO LUNOS BOGTRYKKERI A/S

1966



CONTENTS
Page

Abstract . . .. . . 5

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

I. Introduction..................................................... 7
Geographical situation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Previous investigations 8
Summary of the general geology and chronology 9

II. Stratigraphy of the Ketilidian supracrustals . . . . . . . . . . . . . . . . . . . . . . .. 13
General.... .. . . 13
The pelitic gneiss unit......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 13
The semi-pelite unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
The pelitic schist unit.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15
The quartzite unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15
The volcanic unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16
Discussion and conc1usions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 17

III. The Ketilidian structural evolution . . . . . . . . . .. 19
General , 19
The first folding period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 19
The second folding period 22
The third folding period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25
Discussion and conc1usions..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26

IV. Petrography of the Ketilidian supracrustals 28
General...... 28
The pelitic gneiss unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 28
The semi-pelite unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 31
The pelitic schist unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 32
The quartzite unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33
The volcanic unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3~

V. Petrogenesis and metamorphism of the Ketilidian supracrustals 38
The metamorphic facies of the supracrustal rocks. . . . . . . . . . . . . . . . . .. 38
Petrogenetic considerations ; relations between deformation and meta-

morphism .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ~o

VI. The Ketilidian migmatites and associated pegmatites . . . . . . . . . . . . . . .. ~3

Generalities, definitions ~3

Composition and grain size of the Ketilidian pegmatites. . . . . . . . . . . .. ~6

Composition of the Ketilidian migmatites .. . . . . . . . . . . . . . . . . . . . . . . .. ~8

Localisation and genesis of the Ketilidian pegmatites ~9

Relations between deformation and pegmatitisation during the Ketili-
dian period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 53

Discussion and conc1usions.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 59

1*



4 A. ESCHER IX
Page

VI I. The Ketilidian granodiorites 61
Localisation and structural relations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 61
Composition, structure and texture 61
Genetic considerations and conc1usions . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 62

VIII. The first Sanerutian granite (granite A) , 64
General character . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 64
Localisation 64
Relative age determination 64
Mineral composition, structure, texture . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 65
Chemical composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 67
Structural relations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 68
Contact relations between schists and granite. . . . . . . . . . . . . . . . . . . . . .. 72
Contact relations between volcanic rocks and granite A 77
Genetic considerations and conc1usions . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 81

IX. The metadolerite dykes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82
Localisation and relation to the host-rock........................ .. 82
Composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 84

X. The second Sanerutian granite (granite B) . . . . . . . . . . . . . . . . . . . . . . . . .. 85
General character. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 85
Localisation 85
Relative age determination 85
Mineral composition, structure, texture . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 86
Relations between granite and country-rock. . . . . . . . . . . . . . . . . . . . . . .. 87
Genetic considerations, conc1usions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 88

XI. The third Sanerutian granite (granite C) 90
General character . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 90
Localisation 91
Relative age determination 91
Mineral composition, structure, texture . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 92
Relations between granite and country-rock........ . . . . . . . . . . . . . . .. 93
Genesis and conc1usions 96

XII. General petrogenetic considerations and conc1usions 97
The synkinematic migmatisation and granodioritisation . . . . . . . . . . . . .. 97
The late-kinematic pegmatites. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 98
The post-kinematic granites. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 98
The microlinisation....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 99
The origin of the granitising elements 99

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 101



Abstract

The Nanortalik peninsula, situated between the fjords of Tasermiut and Sarqå,
is largely composed of Ketilidian schists, quartzites and volcanic rocks. All these
rocks are more or less strongly folded. The folding took place probably in three
successive phases during the Ketilidian period : A first deformation resulting in
folds with NNE trending axes, was followed by a second major phase of folding
with NW axes. This second folding was essentiaIly plastic. A third deformation,
acting probably on a more rigid mass, was characterised by the formation of fracture
c1eavage. Third-period folds possess very long wavelengths; their axes are oriented
NNE to NE.

Migmatisation started probably during the second deformation period resulting
in the formation of many dykes and veins of pegmatite and aplite. Four generations
of Ketilidian pegmatites can be recognised. Most of them appear to have been formed
by metasomatic replacement.

It seems that during the Ketilidian orogeny, the evolution of the schists and
gneissic schists tended to a granodioritic composition. Potassium metasomatism
only became active at the end of the Ketilidian period.

In the NE part of the Nanortalik peninsula, three Sanerutian granites can be
observed. These granites are similar in composition (quartz-microline-biotite), but
possess different ages and textures. The time interval between the last Ketilidian
deformation and the emplacement of the first Sanerutian granite was marked by
the intrusion of several metadoleritic dykes.

The first and principal Sanerutian granite usually shows an indistinct foliation
due to numerous oriented inc1usions. Field evidence indicates that this granite was
formed mainly by replacement of volcanic rocks. Chemical analyses show that large
amounts of K, Si and Na have been supplied to produce the granitisation of the
volcanic rocks.

The second Sanerutian granite is characterised by a coarse porphyroblastic
texture and appears to have been emplaced partially by the intrusion of a melt
and partially by a subsequent replacement of the host-rock. Finally, the last Sane
rutian granite displays all the characteristics of a pure intrusive body. It is generally
very fine-grained and forms many cross-cutting dykes.
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r. I JTRODUCTIO.K

Geographical situation

During the summer months of 196'l and 1962 the author \Vas given the
opportunity to partieipate in tho geologieal expeditions organized

by the Grønlands Geologiske Undersøgelse (G. G. C,) in S Greenland.
The area that \Vas examined d uring the two seasons includes the SW
part of the peninsuJa situated 'E of -anortalik, between tho fjord
Tasermiut and arqå-Sermilik. To the ~E, the region is limited by the
valley lying N of the Arpatsivip-qåqa mountains (see the map fig. 1 and
the geologieal map on plate 5).

The area adjoining to the E has been investigated by J. W TTEH

'0." during the same summers of 1961 and 1962.
Included in the territory isLhe i land of NanorLalik and some sma]]

islands more to the SW. In the following tex Lthe term Nanortali k area
Ol' peninsula will be used for the whole of the examined territory. As
Lhi \Vas far too large to be mapped and examinedin detail in two sum-
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mers, the entire area was mapped roughly during the first season (geolo
gical map on plate 5).

The second season was used to map and investigate two relatively
small key areas situated in the central and NE part of the peninsula.

The geological mapping was executed with the help of topographical
maps (scale 1: 20.000) and aerial photographs from the Geodætisk In
stitut in Copenhagen.

Previous investigations

GIESECKE, who in the years from 1806 to 1813 carried out mineralo
gical studies along the west coast of Greenland, visited Nanortalik in
1806 on his journey to Lichtenau. He describes the rocks of Nanortalik
island as granites with gneiss and syenite intercalations and mentions
the presence of garnet and tourmaline. Like other early investigators,
he was principally interested in the alkaline massifs.

In 1896 JESSEN visited Tasermiut fjord and mapped the "New
granite" around Aniggoq mountain. In his description of the new granites
he drew attention to the "Rapakivi-like" texture shown by the feldspars.

USSING compiled in 1912 the work of earlier geologists and named
the new granites "syenites".

To WEGMANN (1938 and 1939) is owed most of the geological in
formation and theoreticai background concerning the area. He laid down
the foundation of the presently adopted chronological division when he
divided the Precambrian of southern Greenland into two main periods :
the Ketilidian and the Gardar. WEGMANN discerned two principal groups
in the Ketilidian formation: the Sermilik group, characterised essentiaIly
by pelitic and psammitic rocks, and the Arsuk group, by volcanic rocks.
He visited Nanortalik island and Tasermiut fjord and gave several
descriptions of the gneisses, quartzites, schists and granites belonging to
the area. WEGMANN (1939 p. 201-202) also noticed the strongly folded
layers in the Quvnerssuaq area and, although he did not observe them,
he guessed the presence of pillowlavas and other volcanic rocks in the
higher parts of the Nanortalik peninsula.

My regretted teacher and colleague, LORETAN, during the summer
of 1960 started to investigate the whole of the peninsula situated to the
NE of Nanortalik, including the area under consideration. Unfortunately,
he was taken away by a fatal illness at the end of the same year. Several
of his field notes were very valuable in the present investigation. The
exact field terminology of the various rock-types in the Nanortalik area
was for a large part laid down by LORETAN. His observations also enabled
the whole of the region to be mapped during the first season on a large
scale, and a preliminary stratigraphy to be established.



IX Deformation and granitisation of Ketilidian rocks 9

Summary of the ~eneral ~eolo~y and chronolo~y

The Ketilidian rocks are well represented in the Nanortalik area.
On Nanortalik island and on the adjoining SW part of the peninsula
there are essentially pelitic and semi-pelitic gneissic schists and schists.
This monotonous series is overlain in the central part of the area by
quartzitic schists and volcanic rocks. The quartzitic schists pass into
massive quartzites in the NE of the region.

All these Ketilidian rocks are more or less strongly metamorphosed;
the degree of metamorphism varies from low granulite facies for the
basal formations, to greenschist facies for the upper volcanic deposits.
The most common, however, is the amphibolite facies of metamorphism.

Folding took place in three successive phases during the Ketilidian
period : A first, violent deformation, resulting in folds with NNE trending
axes, was followed by a second major phase of folding with NW axes.
This second folding was essentially plastic. A third deformation, aeting
probably on a more rigid mass, was characterised by the formation of
fracture-cleavage. Third-period folds possess very long wavelengths;
their axes are oriented NNE to NE.

Migmatisation started in the area probably during the second
deformation period. Most of the schists and gneissic schists present
strong migmatic features. They are particularly characterised by many
dykes and veins of pegmatite and aplite. Four generations of Ketilidian
pegmatites ean be recognised (P1-P4).

During late-Ketilidian times, at the end of the third folding period,
Si-Na-K metasomatism was particularly active, resulting in an albitisa
tion and microc1inisation of the rocks. The microc1inisation continued
after the end of the albitisation.

Relatively small bodies of granodiorite were probably formed by
replacement during the second folding period. One of these granodiorites
forms the core of an anticline S of Qagdlua mountain (geological map
on plate 5).

At several places small amphibolite bodies or dykes (DA 1) were
observed. These amphibolites show, when examined c1osely, a small but
distinct discordance with the bedding. They are however folded and
refolded together with the host rock. It appears therefore that they could
represent the feeders for the vo1canic rocks which form the upper part
of the Ketilidian.

A second generation of amphibolite dykes (DA 2) was observed in
three places on the Nanortalik peninsula. The DA 2 dykes are only
slightly folded in places. They transect most Ketilidian formations and
structures but are often partially replaced by late- Ketilidian pegmatites.
Their age must be late Ketilidian. The term Sanerutian was introduced
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by BERTHELSEN (1960, 1961) together with the term Kuanitic to designate
two distinct periods in the Ivigtut area between the end of the Ketilidian
and the beginning of the Gardar. In that area the Kuanitic is characte
rised by the intrusion of numerous basic dykes, whilst during the Sane
rutian several granites were formed. In the Nanortalik area however,
two generations of basic dykes (DA 2 and DA 3) are separated by the
emplacement of granite. Therefore there is no clear-cut distinction
between a period of basic dyking and a period of granite emplacement
and so the term Sanerutian is used to indicate the whole time interval
between Ketilidian and Gardar.

The age of the large granite body (granite A) is determined by the
faet that it transects and replaces the large P 4 pegmatites and the
DA 2 dykes, and by the faet that it is itself cut by the DA 3 dykes.
These observations place the granite A in the beginning of the Saneru
tian period. This granite usually shows an indistinct foliation due to
numerous oriented inc1usions. Many observations show that the foliated
granite was formed mainly by replacement of quartzitic schists and
volcanic rocks. It occupies the higher regions in the centre and NE of
the area.

Both DA 2 and DA 3 dykes are metadolerites, as shown by composi
tion and texture. The intrusion of DA 3 basic dykes, which came after
the emplacement of granite A, was followed by a period of NE faulting
and shearing. The NE oriented shearplanes cut both the foliated granite
and the dykes DA 3. Straight cross-cutting pegmatites and aplites appear
to have been emplaced along the NE shearplanes.

The period of pegmatitisation and aplitisation was followed by the
emplacement of aseeond post-Ketilidian granite (B). This granite seems
to belong to the group of "New granites" (BRIDGWATER 1963), being
characterised by a very coarse-grained porphyritic texture. It occurs in
the NE part of the area in the Aniggoq and Arpatsivip-qaqå mountain
ranges and is connected with the very important occurrence of new gra
nite on the other side of Tasermiut fjord (WALLIS 1962). Many observa
tions show that this granite B was partly emplaced by intrusion and
partly by replacement of the schists, quartzites and granite A.

The emplacement of the Sanerutian coarse-grained granite was
followed by a period of pegmatitisation (large N-S pegmatites) and
vertical shearing with faulting.

The end of the Sanerutian period came probably with the formation
of a fine-grained granite (C) which occurs mainly in the Arpatsivip
mountains. It appears to have extended from there by a network of
intrusive dykes which ean be seen all over the Nanortalik peninsula.
The main body of the microgranite seems to have been emplaced prin
cipally by intrusion.
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T ab l e 1. Chronological succession of geological events In

the Nanortalik area.

Period
I I

Regional
Deformation Granitisation Metamorphism Dyking

as feeders for
volcanic rocks

Recent Retrograde
fracturing metamorphism
and faulting

Dolerites (NNE
and NNW).

Vertical

Gardar NW-faulting

Lamprophyre
sheets

NNE-faulting
? ? ? and shearing
~----

NE-aplites and
pegmatites.

I
Microgranite (C)

Vertical NNE

to NE shearing I
and faulting

Large N-S
pegmatites

Coarsely por-
Sanerutian phyroblastic

granite (B)
DA 3 Meta-

Tension? Aplites and peg- doleritic dykes
Deformation, matites along

NE-shearing shearing zones

Tension?
Microcline- bio-
tite-granite (A)

? ? ? P4 Pegmatites Retrograde DA 2 Meta-
-----

microc1inisation metamorphism doleritic dykes
Folding III

P3 pegmatites,
(NE to NNE

microclinisation Maximumaxes).
and albitisation progressive

Ketilidian Folding II Granodiorite, metamorphism

(NW-axes) P2 pegmatites
I

Progressive

P 1 pegmatites metamorphism
I

Folding I

I I(NNE-axes)

DA 1 Amphi-
Sedimentation and volcanism bolite dykes
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The Gardar period is only very poorly represented in the area.
Some lamprophyre sheets belonging to this period ean be observed
eutting the quartzites and the different granites (including the last
formed mierogranite) in the Arpatsivip-qaqa range. In the centre of
the territory, on Thomsens ø and on Nanortalik island, a few late
Gardar dolerite dykes cut all the visible formations. Two successive
generations of fauIts (NNE and NW) probably also belong to the Gardar
period. Finally, in various points in the area, recent fracturing and
fauIting can be observed.

Table 1 gives the probable chronological sequence of the principal
geological events in the Nanortalik area. In this area the Ketilidian
formations and the Sanerutian granites are particularly well exposed,
whilst the Sanerutian and Gardar basic dykes are almost lacking. It is
for this reason that in the following pages only the Ketilidian rocks and
Sanerutian granites will be examined in detail.



II. STRATIGRAPHY OF THE KETILIDIAN

SUPRACRUSTALS

General

On the peninsula situated NE of Nanortalik, between the fjords
Tasermiut and Sarqå, extensive exposures of Ketilidian supracrustal
rocks are found. The thickness of the sequence, so far as can be observed
and has not been removed by erosion, amounts to a maximum of 2200 m.

The succession is largely made up of sedimentary rocks with only
the uppermost 700 m being predominantly of vo1canic origin. They are
not too strongly metamorphosed or migmatised and thus it is possibIe
to recognize their origin. Differences in lithology have enabled the rocks
to be divided into the folIowing five stratigraphic units (from top to
bottom) :

V) Volcanic unit.
IV) Quartzite unit.
III) Pelitic schist unit.
II) Semi-pelite unit.
I) Pelitic gneiss unit.

These five formations can be traced almost all over the area. The
best exposures can be observed along the very steep walls forming most
of the N and NW shores of Tasermiut fjord. On plate 2, four very
simplified columnar sections are presented. They show the various units
in four different places along Tasermiut fjord.

At first sight, the layers appear to be very regular and undisturbed.
Detailed examination shows however that in many places, especiaIly
in the pelites and semi-pelites, repetitions occur due to isoc1inal, recum
bent folding. Therefore the measurable thickness of a rock formation in
no way gives the actual thickness of the series before it was folded.

The pelitic gneiss unit (Unit I)

The pelitic gneiss unit is best represented on Nanortalik island and
on the small peninsula of Tuapait (see geological map on plate 5).
Its rocks form the lowest Ketilidian formation that can be observed in
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the area. They are essentiaIly composed of massive, smallfolded, banded
and commonly veined gneisses at the base and of gneissic schists at the top.

The basal massive gneisses ean only be observed on the E and S
coast of the small Tuapait peninsula. They are characterised by the
presence of numerous crystals of sillimanite, cordierite and garnet. It
seems probable that this lowest part of unit I does not represent a
different lithological formation, but that it was derived from the gneissic
schists by a more pronounced metamorphism. It has therefore no stra
tigraphical significance.

The top of unit I is represented by a 200 m thick series of biotite
rich gneisses and gneissic schists. This series is characterised by the
presenee of garnet and many amphibolitic horizons. The thickness of the
intercalated basic horizons varies from a few cm to 8 m. It is possibIe
that this top part of unit I was originally a pelitic-calcareous sediment.

The colour of all these basal pelitic gneisses and upper gneissic
schists is generally light grey to blue-grey. The total apparent thickness
of unit I reaches about 550 m.

The semi-pelite unit (Unit II)

The semi-pelite unit is best represented in the area of Tusardluarnåq
mountain and on the small peninsula N of Nanortalik harbour. It is
a monotonous sequence of dark grey, more or less quartzitic mica schists
with common intercalations of quartzite horizons. The thickness of these
quartzite layers varies from 50 cm to 20 m. A few amphibolite horizons
and several pyrite- and graphite-bearing layers occur in this semi-pelite
unit.

In the vicinity of Nanortalik, the formation is distinetly more meta
morphosed and contains many augen-beds characterised by the presence
of rounded isolated feldspar porphyroblasts. In these more metamor
phosed and migmatised areas, the schist passes into a gneissic schist.

The rocks of unit II are separated from the underlying unit by a 50
to 100 m thick series of black biotite schists. This dark formation is
particularly well exposed in the Qagdlua mountain range, where it is
in contact with the anticlinal core-granite of that area. The basal biotite
schists of unit II contain four characteristic pyritic and graphitic hori
zons, each about 3 m thick. The pyritic schist horizons are particularly
conspicuous in the field by their rust-red colour, which is caused by iron
oxides resulting from the weathering of the pyrite.

The apparent total thickness of the semi-pelite unit is very variable
and ean reach up to 500 m. It seems probable that the rocks belonging
to this unit are mostly derived by metamorphism from argillaceous and
arenaceous sediments. -
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The pelitic schist unit (Unit III)

The pelitic schist unit occurs nearly all over the area, except on
Nanortalik island. Its upper and lower parts are composed of dark brown
mica schists in which some pyritic and graphitic layers can be recognized.
The middle part is essentiaIly made of monotonous dark grey, slightly
quartzitic mica schists. The upper part of these dark grey schists is
characterised by the presence of numerous garnets. The thickness of
the garnet-rich formation varies from 150 to 200 m. The total thickness
of the whole unit amounts to 450 m.

It seems logical to infer that the schists belonging to unit III for
their largest part were originally argillaceous sediments. The presence
of garnets in some of the schists could indicate that they were also slightly
calcareous in places. The sulfide- and graphite-bearing layers show more
over that here and there organic remains were mixed with the pelitic
material.

The quartzite unit (Unit IV)

This unit is best represented in the NE part of the examined area,
where the measurable thickness reaches over 800 m. It is composed
principally of massive light grey to green quartzites containing numerous
basic sills, intercalated mainly at the top and base. The massive quart
zites often show a clear layering and, in some parts, the remains of
current bedding and graded bedding. Even rippIe marks have been
observed in one place, where the rock was especially well preserved.
Numerous conglomeratic horizons have been found. Hematite grains are
frequent in all the quartzites.

The lithology and the location of the quartzites prove that they
belong to the important quartzite formation extending towards the N
(between Tasermiut and Sermilik fjords), which was described by
WEGMANN (1939).

To the SW, the quartzite series gradually decreases in thickness
and changes from a massive quartzite to a quartzitic schist. In the
Qagdlua mountains these quartzitic schists are particularly well exposed.

The total thickness of the quartzite unit varies considerably from
the SW, where it reaches only 150 to 200 m, to the NE where a maximum
thickness of 850 m was measured. WEGMANN reports, still more to the
NE, thicknesses up to 2000 m for the quartzitic sequence. In contradic
tion with WEGMANN'S hypothesis that the quartzites underlie the Nanor
talik schist and gneiss series, it seems now clear that the quartzites
overlie the schists and are in direct contact with the volcanics which
form the top of the Ketilidian succession.

The relatively large amount of hematite found in the rocks of unit
IV indicates that they were no doubt originally red coloured sandstones.
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Fig. 2. \Vester'n slope summit 1166 m (Qagdlua mountain) howing dark vo1canic
rock' in thc upper part ovedying ma ive quartzitic schi "ts. The lowest parl i'

formed of pclitic scl1isl-,

The volcanic unit ( nit V)

The rocks belonging to unit V are c sentiaIly vo1canic: pillow-lavas,
lapillis, tuffites. Interstratified with these are a few sedimcn Lal'Y horizons:
quartzites, quartzitic slabs, green schists, breccias and conglomerates.
Gabbro sills are common in the rocks of unit V. Their intrusion wa
probably due to the same volcanic activity which gave rise to the yolcanic
enes.

The best exposures of Lhese rocks are found around lake 410 m ( T of
Qagdlua). They also occur in the Quvnerssuaq mountain range and more
to the north, where they form large-scale inc1usions in the granite. The
generally dark green colour of the formation belonging to unit V make
it very easy to reeoO'nize them even fl'om great distances (fig. 2).

The lower part of the volcanic unit is essentiaIly eomposed of epido
tized pillow-lavas ,vjth intercalations of pyriti epidote-hornblende
schist. The unit generalJy tart at its base with some biotite-hornblende
sehi ts ovel'lain by one Ol' more thick (30 to 100 m) gabbro sills_

The upper part of unit V is predominantly composed of tuffites,
lapillis and pillow lavas with common interealations of quartzites, quart
zitic labs and thin greensehist horizons. 'Most of the pillows are eonsider
ably compressed and are often difficult to recognize.



IX Deformation and granitisation of Ketilidian rocks 17

The layers of unit V appear to be perfectly concordant with the
underlying quartzites. Nowhere has adiscordance been found. In some
places a thin conglomerate horizon is intercalated in the basal schists.
The top of the volcanic rocks has not been found. The visible thickness
of the unit reaches about 700 m. The presence of large quantities of
pillow lavas in the volcanic unit indicates a formation by subaqueous
volcanic activity.

Discussion and conc1usions

By interpreting the characteristic properties of each rock unit, an
approximate picture of the origin of the observed formations can be
obtained.

A thick series of sediments was laid down in a geosyncline. The
source was probably made of very variable and complex crystalline rocks.

No basement of pre-Ketilidian rocks has been found; it is not
known how the sedimentation started. However, it can be inferred that
during a certain period of the geosynclinal cycle the sedimentation was
essentially pelagic, giving birth to the units I, II, and III. The sediments
must have been for the greatest part argillaceous with possibly some
addition of calcareous material at the end of units I and III, as is indi
cated by the presence of amphibolitic layers and garnets. The presence
of psammitic material in unit II suggests, moreover, a temporary de
drease in sedimentation depth, permitting the periodic arrival of detrital
material. This could explain the alternation of pelitic and psammitic
beds in unit II. The sulfide- and graphite-bearing layers, which occur
in many places in units I, II and III, indicate that here and there organic
remains were mixed with the argillaceous sediments.

After this essentially pelagic phase, the sedimentation became pre
dominantly detrital, the result of which was the formation of the quart
zitic rocks of unit IV. The presence in the quartzites of graded- and
current-bedding structures as well as rippIe marks, indicates that the
psammitic material was laid down in a shallow sea. The enormous differ
ence in thickness between the quartzites in the NE (800 m) and those
in the SW (150 m), could be explained by sedimentation in the littoral
zone at the border of the geosyncline.

Large quantities of detrital material were laid down near the border
of the geosyncline, and much less, farther away from that border. This
possibility is confirmed by the fact that the massive quartzites from the
NE part of the area pass gradually into quartzitic schists when followed
to the SW. According to this theory, the border of the geosyncline was
situated at a certain period quite near the NE part of the region. The
numerous conglomeratic horizons within the quartzites show that the
sedimentation level was now and then near sea level.

172 2
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After this detrital phase of deposition, during which the psammitic
rocks of unit IV were formed, there probably followed a new deepening
of the basin. This is corroborated by the presence of pelitic schists imme
diately on top of the quartzites. After the sedimentation of these argil
laceous deposits, an intensive volcanic activity took place, resulting in
the formation of the vo1canic rocks of unit V. As the major constituent
of units V is pillow-lava, it ean be assumed that the eruptions took place
on the bottom of the sea. The presence in the lower part of the vo1canic
unit of several interbedded pelitic schist horizons indicates, moreover,
that the eruptions took place in deep sea during the early part of the
formation of unit V. On the other hand the upper part of the vo1canic
rocks appears to have been formed later at shallow depth. This is suggested
by the presence of many quartzite horizons.

Another result of the vo1canic activity was the formation of numer
ous basic and ultrabasic sills and dykes within all the earlier formations.
This appears to have been the case especially in the quartzites. Rem
nants of feeding dykes are locally found in most of the Ketilidian rocks,
where they are always strongly folded and metamorphosed together
with their host rock.

There seems to exist a striking similarity between the vo1canic
rocks of the Nanortalik area and those of Arsuk ø as described by
WEGMANN (1938) and by MULLLER and FROIDEVAUX (1957). Common
to both areas are pillows, breccias, tuffites, lapilli and intercalations of
quartzitic slabs. It is tempting therefore to correlate the formations in
the two areas.



III. THE KETILIDIAN STRUCTURAL EVOLUTION

General

Within the examined region the effects of at least three periods of
folding have been recognized. During each period major folds accompa
nied by small-scale structures were developed.

The abundance of small structures has greatly assisted in the in
vestigation of the larger folds, once the relation between large and
small structures had been established.

The first and third phases of folding both gave birth to structures
with NE to NNE trending axes. This often made it difficult to distinguish
one from the other, especially in smallfolds.

The second Ketilidian phase led to the formation of well marked
structures with NW trending axes. As aresult several cross-folds were
formed.

Due to the strong relief of the area and to the presence of several
reliable bedding horizons, the reconstruction of the resulting structures
proved to be relatively easy. This was particularly the case in the
Qagdlua and Quvnerssuaq mountain ranges, where three dimentional
mapping was made possibIe by high, well exposed cliffs and walls (see
the detailed geological map of this region).

The general pattern of the major folds is presented on the structural
map figure 3.

The first folding period

The oldest discerned phase resulted in the formation of many small
and large-scale isoc1inal and often recumbent folds. The axes of these
structures seem originally to have had a NE to NNE trend. As a
result of later refolding their actual direction is variable. Their ampli
tudes ean reach up to a 1000 m, but are generally not over 50 m. The
axial planes of these folds generally dip to the NW.

Most affected by this first deformation are the lower gneisses and
mica schists. The more rigid overlying volcanic series and quartzites
seem to be deformed only to a minor degree by this first folding. Iso
c1inal smallfolds seem to be almost absent in the quartzites and volcanics.

2*
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Fig. 3. implified stl'uctul'al map or the central part of the peninsula situOoled
belween TaseJ'miut and 'arqa fjords.
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Fig. {l. Three hypotheLical seclions aCrOs' Llle Qlt vnerSSltaq moun Lain aroa. The
exacl posi Iion or tho soctions i represenLed on Llte map of fig. 3. The slructures are

aresult of the fi,'sL folding pel'iod.

These formation ean thus be con idered suprastr-u<.:tural eompared with
the more plastic, gneis ie and sehistose infrastructurc (WEGMA"" 1938).

However, in everal plaee large-scale folds were obscr'ved in which
the quartzitic and volcanie rocks are also strongly folded together with
the undorlying sehists. Thi is the case in the aroa diroetly to the NW
uf Quvnerssuaq mountain, where a succession of steep, pinched synelines
and anticlines, in places separated by tflf'USt faults, was observed (fig. 4).
The core of the synclines in these tructures is generally formed by
readiJy recognizable dark voleanie rocks. One of these synelinos ean be
seen fr'om the top of the Citdlut shouldcr (neal' TasermiuL fjord) looking
toward the Quvnerssuaq mounLains (fig. 5).

The fold-axes in this area _ VV of Quvnerssuaq, form a pattern of
ares with NJ\E, ~E and WN\V direetions eonnected by 'light bends
(fig. 3 and plate 3). Thi· bending of the axes must have been eau ed
by tho 'eeond l W folding whieh thus provos the early age of these
,trueture .

Tn the south cliff of the Qagdlua mountains, viewed from Tasermiut
fjord, an important anticline with a J\NE axis ean be observed, ",hich
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Fig. 5. View of the southern wall of the ridge coming down from Quvnerssuaq
ummiL to luke 640 m. V = Volcanic rock; Q = Qual'LziLes; 1ica schisls; G = Gra-

nite; F=Faull.s; mg = Micl'ogr'anite.

is HUed by a core granodiorite, This anticline must also be aresult of
the f1rst folding pet'iod, for both limbs are sligMly refolded by ihe econd
, [VIr defOl'fnation.

The small- cale folds formed d uring the fil'sL phase in Lhe infra
structure possess often strongly isoclinal forms. 1\1oreover, they generaily
al'e recumbent and in some places develop axial-plane schisto ·iLy. All
these facts make it very difflcult to recognize them within the monotonous
mica schists and gneisses. It was only with the help of the pyritic and
graphitic schist horizons that in the apparently undistul'bed isoclinal
scr'ies the pl'esence af such. repetitions cauld bc ascertained. A clear
example of one of these repetitions has been observed in the garnet
schist formation neal' lake 430 m, north of Quvnerssuaq (fig. 6).

It scems that most of thc casily recognizable small-scale structur'cs
ovcr the whole ar'ca al'c aresult of the later, second and third folding
phases.

The second folding period

The sccond phasc of folding led to the formation of small- and large
scalc structures with nOI,thwest-trending axes. This folding has affected
on a large scale both Lhe supra- and infra-stl'Ucturc. HowevCl', on a
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Fig. 6. iIl1(Jlified reconstl'uclion of a multiple-folded pYl'itic schisl !ayer' in the
gaf'net-mica chist formation neal' lake "'30 m (North of Quvllel'ssllaq). It is clear
that the -W-folding (axis 2) refolds the eal'lier rormed isoclinal fold (axis A l),

while the coar e ll'ain- lip-cleavage (F 3) euts the whole .[ nlcture.

small-scale, the gneisscs and mica schisLs af the lower sLructural level
are much more deformed by the IVy folding than thc overlying quart
zite and yolcanic , The resulting fold are aenerally open tructurcs and
their amplitude and wavc-Icngth reach up Lo a 1000 m.

It seem that the second deformaLion pha e is the mosL important
of the three. At leust it gives at presenL the best recognizable truetures
in the fieId, in small as well as in lar'ge fold, One examplc of a Jarae-scale
IW structure ean be een neal' lake 560 m (nol'Lh af Qagdlua), where

the volcanie rock " togeLher with the underJying quartzites and schists,
are folded into a large open anticJine. Anothcr anticlinal \raUey has been
observed more to the northeast, between Aniggup qaqå and ArpatsivJp
qaqa mountain . This valley al o has a 1\W direction. 1any other imi
lady directed large-scale folds ean be ['eron trueted (fig. 3).

Several of these fold appem to have deformed alder fir t-period
strucLures. For instancc, this is the case in the region north af Qu vners
suaq. Here, as dcscribed in the preceding chapter, larac isocJinal folds
with originally l E trending axes have been refolded and twi ted by
the econd 'W folding. Typical in such sLmetures i the curved direction
in a horizontal plane whi h the axes have after asceond refoldin a (fig. 3
and plate 3)_

imilar' cr'os --folds have been de cribed in Northern Scotland by
S TTO' (1960),
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Fig. I. A: 'Lereogram of malIfold-uxes and orientation of Lhe joinls resulting from
lhe IrucLure-cleavage in thc arca easL of lake 430 m. B: :3lel'eogl'um af mallfold

axes from thc region arOUlJd ~anortalik (WulfT net, lowel' hemisphere).

r\. multi Lude of small-s a1e strucLures with approximative1y W
treneling axe have been observed throughou~ the pcninsula.

In the difTerent places where fir t-pha e i odinal 'mall-fold have
been di cerned, the second deformation with _ \\'-axes cun aJso be re
cognizeel. This econd folding uperimposes it eH, on a rnall-scale, upon
the first formed structure.

A triking example of such a small-scale refoJdinO' has been observed
and re on tructed in the garnet-mica schist eries on Lhe ea tern shore
of lake 430 m (north of Quvnerssuaq, fig. 6). An isoclinal recurnbent
small-fold of a pyritic chist Jayer has here clearJy been refolded by a
'\V small-fold sy tern. This structure hows moreover the effects of a

thirel deformation, which will be discussecl in the next section. The
reconstruction of the resulting smal1-scale structures, as represented on
fig. 6, \Vas made possibIe by a set of recent open fractures in the rock
ma '. The e allo\ved the es ential lines of the structure within the forma
tion to be follo',."ed.

A during the preceding phase, it seems that the ;\I\Y smaJl-fold
have afTected the infrastructure to a higher degree than Lho uprastruc
tur'e. The disharmonic character of these movements within the infru
and suprastl'Ucture commonIy resulted in a te tonization of the border
zone between the two loveIs. In consequence the original stratigraphic
contact between the chist and the overlying quartzitic and voIcanic
rock has often not been prcscrved. However, in thi region Lhe tcctonic
discordance between tIle two structur'al levels appeal' to exi t only on
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a small scale. On a large scale there seems to be perfect concordance
throughout the whole formation.

In some places the small-scale disharmony is compensated in the
border-zone by the formation of "wildfolding". This ean be clearly
observed for instance in the quartzitic schist series which separates the
volcanic unit from the schist unit near lake 560 m (north of Qagdlua
mountain). On this spot, the small-folds show axes trending and plunging
in all possibIe directions.

Otherwise the trend of the second-period large- and small-scale
fold-axes is relatively constant within an are between north and west
(fig. 7). Their plunge varies considerably and is of course controlled by
the dip of the layers prior to the second folding and by the effects of
the subsequent third deformation. No preferential axial-plane inclination
has been detected in the NW folds.

The third folding period

The third Ketilidian phase of folding is characterised in the area
under consideration by the formation of very large-scale folds with
fauIts and thrust-fauIts, and by the formation of very small-scale folds
accompanied by a coarse fracture-cleavage. Intermediate-scale structu
res, due to this last phase, have not been found on the peninsula.

The trend of the fold-axes varies from ENE to NNE and is thus
roughly the same as that of the first-period folds. This makes it of
course often difficuIt to distinguish one from the other. The third-period
large-scale folds possess very large wave-Iengths (up to 10 km), and some
what smaller amplitudes (up to 1.5 km).

These large structures have strongly influenced the present morpho
logy of the peninsula. For instance, a very large syneline with aNNE
axis has determined the present large depression which cuts diagonally
across the peninsula across the lakes 210, 410, 670, and 480 m (see the
detailed geological map on plate 6). This "synclinorium" affects the
volcanic rocks and all the visible underlying series. To the SE a corre
sponding large anticline seems to have lifted the compIex that was
previously isoelinally folded during the first phase (NW of Quvnerssuaq
mountain).

The non-synchronism of this large anticline with the equally NNE
directed first-phase folds may be assessed from the folIowing facts:

1) The axial direction of the large anticline remains undisturbed by the
second NW folding, whilst the first-formed structures possess strongly
curved axes as aresult of the secondary NW refolding (fig. 3).

2) The large anticline seems to have refolded the second-period NW
folds an given them steep axial plunges.
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3) There is a marked difference in the tectonic style between the large
wide open anticline and the strongly folded, isoclinal first-period
structures.

As is illustrated on the map fig. 3, all the important second-period
NW structures possess plunging axes due to refolding by large-scale
deformation of the third-period.

Several large NNE to NE oriented faults and thrust-faults seem
to have been formed during the third and last Ketilidian deformation
phase. One of these faults can be followed across the Quvnerssuaq
mountain range (F 3 on figs.3, 4 and 5), where it seems at first sight
to date from the first deformation phase. However, when traced to the
NE it does not follow the bend of the first-period axes, but cuts them at
right angles (fig. 3). Moreover, it is cut in the SW by late-Ketilidian
pegmatites. These facts enable the fault to be attributed to the third
deformation period, and they, moreover, present additional proof of the
existence of such a third phase in the examined area.

On a small scale the third Ketilidian folding period resulted in the
formation of a multitude of relatively open small-folds with axial direc
tions varying from ENE in the southern part, to NNE in the central
and northern part of the peninsula (fig. 7). In many parts a coarse
fracture-cleavage can be observed which appears to have been formed
also during this deformation phase. Where fracture-cleavage and small
folds are combined, as in the area around lake 430 m (north of Quvner
ssuaq), the resulting cleavage can be determined as a coarse strain-slip
cleavage (WILSON 1961).

These small-scale deformations affected during the third period all
the strata in the suprastructure as well as in the infrastructure. In the
area east and south of lake 430 m the effects of the last phase have been
examined in detail. There, the cleavage planes clearly cut all the older
NNE and NW folds, and are closely connected with the third-period
small-folds (fig. 6). The orientation of the cleavage planes is roughly
the same as that of the simultaneously formed small-folds (fig. 7).

Discussion and conc1usions concerning the Ketilidian
structural evolution

It has been shown that the rock series on the peninsula situated
between Sarqa and Tasermiut fjords has been subjected to three succes
sive deformations, with respectively NNE, NW and NNE to NE axial
directions.

These three deformation phases present a striking difference in tec
tonic style:
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I) The first phase (with NNE axes) is characterised by the formation
of strongly isoc1inal and often recumbent folds accompanied by thrust
faulting. These characteristics indicate a rather violent type of deforma
tion.

II) The second phase (with NW trending axes) resulted in the forma
tion of mostly open large- and small-scale structures that often strongly
refold and twist the previously formed isoclixal structures. This deforma
tion seems to have acted upon an easily deformable mass. A confirmation
of this assumption is given by the fact that during the second phase
the migmatisation reached a maximum of intensity (see chapter VI).
The type of folding during this second phase appears thus to have been
essentiaIly plastic.

III) The third phase (with NNE to NE trending axes) is charac
terised by the formation of very large structures accompanied by large
scale faulting. an a small scale, this phase resuIted in the formation of
fracture-cleavage, strain-slip-cleavage and smallfolding. These facts
indicate that the deformation acted during a relatively long period upon
a more rigid rock-mass with a higher elasticity limit than during the
preceding phase (DE SITTER 1956).

There appears to exist a great similarity between the above described
succession of folding periods and that of other areas further to the north
in Greenland. For instance, in the Ivigtut region BERTHELSEN (1960)
also found three deformation phases with more or less the same succes
sive axial directions (NE, NW and NE successively). Moreover, in the
same region BONDESEN (1960) and OEN ING SOEN (1962) also came to
the conclusion that the second deformation was essentiaIly of a plastic
type, while the third folding acted upon a mass which had aIready gained
a certain degree of rigidity.

However, several important differences between the structural evolu
tion in the Ivigtut and in the Nanortalik area appear to exist. The third
deformation seems to have been much less pronounced in the Nanortalik
district than farther north, where, according to BERTHELSEN, NW folds
were strongly refolded and twisted by this deformation. This could
explain the relative simplicity of the resulting structures in the Nanorta
lik area, and the fact that in this region the difference between supra
and infrastructure is also less pronounced.



IV. PETROGRAPHY

OF THE KETILIDIAN SUPRACRUSTALS

General

It has been shown in chapter III that the supracrustal rocks in the
Nanortalik area can be divided into five lithologically different units.
In the folIowing pages it will be demonstrated how the petrographical
composition varies from one unit to the other. In each group only the
most important formation will be described. Every description is based
on the microscopic examination of several rock slides. These descriptions
correspond only to the apparently unmigmatised parts of the different
rocks. All the clearly migmatic parts, such as aplites and pegmatites,
will be described separately in chapter VI. The content of An in plagio
clase was determined by means of extinction angles in sections normal
to (010) or (001), and by the measurement of refractive indices. In the
absence of a favourable section the universal stage was used.

The pelitic gneiss unit (Unit I, forming the base of the supracrustal
rocks in the area).

a) The basal garnet-sillimanite gneiss:

Structure: Gneissic (banded, smallfolded and veined), medium- to
fine-grained.

Texture : Grano-Iepidoblastic, locally porphyroblastic with garnet
porphyroblasts.

Principal constituents: Quartz, microcline, oligoclase (ca. An 20%),
biotite, sillimanite, garnet.

Accessory minerals; Cordierite, hypersthene, muscovite, ore and
rutile, zircon and tourmaline as inclusions in quartz
and biotite.

Alteration minerals: Chlorite, green biotite, sericite.

Microcline is often microperthitic and has obviously replaced the
plagioclase. Oligoclase and microcline form locally coarse diablastic inter
growths. The garnet is strictly not birefringent, it is pink coloured and
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often possesses eoronas of greenish biotite, whieh oeeasionally eontains
slender needles of sillimanite. The sillimanite has a prismatie habit and
occurs generally as aggregates of relatively long needles (1-2 mm length).
It has clearly developed from the biotite and relics of biotite are often
present in the sillimanite aggregates. In some places, bundles of sillima
nite needles have been deformed by the growth of garnet porphyroblasts.
Oligoclase shows very rarely a mesoperthitic structure. The biotite is
strongly pleochroic from yellowish green to very dark grey-brown.
Hypersthene occurs as xenoblastic grains; it is altered in many places
to a green biotite.

b) The gneissic garnet schist: (the upper part of unit I).

Structure: Gneissic beds alternating with schistose horizons;
medium-grained, with fine-grained shear zones.

Texture : Grano-lepidoblastic, locally porphyroblastic with garnet
metablasts.

Principal minerals: Quartz, microeline, albite (An 5 0J0), oligoclase
(An 15-200(0), biotite, garnet.

Accessory minerals: Sillimanite, eordierite, muscovite, diopside,
ore and zircon, rutile, allanite as inclusions in biotite
and quartz.

Alteration minerals: Chlorite, epidote, sericite, green variety of
biotite, muscovite.

The quartz occurs in xenoblastic aggregates; together with plagio
clase it forms in many places graphic intergrowths. Quartz is locally
found as plate-like grains forming fine-grained and almost monomineralic
zones, which are probably due to movements causing both a comminu
tion of the original coarser grain and a metamorphic differentiation.

The microeline is generally interstitial; it appears to have partially
replaced most of the other minerals. Microperthite is in most cases
developed within the microeline.

Late albite is often crystallised as large grains of uniform extinction,
enclosing and partially replacing the garnets. Sillimanite is sparsely
present in isolated aggregates. It developed mainly from biotite and
is in many cases enclosed by late albite (fig. 8).

Biotite occurs in large quantities in the more schistose zones. Two
generations ean be recognized: a first generation showing deformed
crystals being locally pushed aside by growing garnets; a second genera
tion of undeformed crystals, partially replaeing the garnets.

The gneissic garnet schist formation contains many interstratified
amphibolite layers. These layers are essentiaIly composed of nema-
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toblastic hornblende all'll'regates. Local1y biotite Ol' diopside has developed
from the hornblende (fig. 9). Oligoclase and quartz form a minor par·t
of the amphibolite; they often corrode the hornblende crystals.

Fig. 8. Aggregate or sillimanile needle: ("i) enclosed in lale albile (Ab). The sillimanite
needles lhemselves al'e not benl, but are al'l'anged along a pre-existing eurvature in
the biotite flake whieh they partialJy replaeed. Two bioli le generations ean be seen

(B 1 and B 2). lide ~o. 51625.

Fig. 9. Amphibolite. The amphibole (A) j. cOl'r'oded by quartz (Q) and albite
(Ab). Diollle (B) l developed in ter titially between two amphibole erystals. lide

Ko. 63647.

The hornblende is pleochroic with X greeni h yellow Y deep green
and Z deep bJuish green; 2Vx = 75°; Z /\ c = 22°.

Garnet poikiloblasLs, containing inc1usions of hornblende and quartz,
are not uncommon in amphibolite layer ,
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The semi-pelite unit (Unit II).

a) The black biotite schist: (Forms the base of unit II).

Structure: Schistose, fine- to medium-grained.
Texture : Predominantly lepidoblastic.
Principal minerals: Biotite, oligoclase (An 15 % ), quartz.
Accessory minerals: Microcline, muscovite, zircon, allanite, ore,

graphite.
Alteration minerals: Chlorite, green biotite.

Biotite IS present in large quantities. Two generations can be

recognized: 1) Plastically deformed flakes, often corroded by quartz.
2) Undeformed biotite cutting the first generation.

The biotites of the second generation are locallY also deformed by
shearing or by small-scale strain-slip cleavage. Quartz and oligoclase
form small granoblastic aggregates. These aggregates occur as strings or
lenses enclosed by lepidoblastic biotite masses. Oligoclase forms here and
there bypautomorphous crystals, which often corrode and replace the
biotite.

b) The quartz-biotite schist: (the middle and upper part of unit II).

Structure: Near Nanortalik harbour the structure is generally
gneissic with intercalations of schistose zones; augen
structures are common here. More to the NE the struc
ture is essentiaIly schistose. The grainsize is mostly fine.

Texture : Grano-Iepidoblastic, locally porphyroblastic.
Principal minerals: Quartz, albite (An 7 % ), oligoclase (An 20 % ),

biotite, microcline.
Accessory minerals: Muscovite, garnet, rutile, apatite, zircon, ore.
Alteration minerals: Chlorite, sericite, actinolite, saussurite, ore.

The feldspars (oligoclase and microcline) are locally developed as
poikiloblastic rounded crystals. They seem to have grown during a
period of deformation, preferentially along shear zones due to fracture
cleavage.

Two generations of biotite can be recognized, the earlier one shows
the effect of a strong plastic deformation, while the second-generation
biotites are only locally deformed in shear zones. These zones affect also
many other minerals. First-generation biotite is often partially replaced
by oligoclase and quartz.

Quartzitic layers, composed essentiaIly of quartz, plagioclase and
minor amounts of biotite, are frequently found interbedded in the
schists.
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The pelitic schist unit (Unit III).

a) The biotite schist: (lower and middle part of unit III).

Structure: Schistose, fine-grained.
Texture : predominantly lepidoblastic.
Principal minerals: Biotite, oligoclase (An 15-20%), albite (An

6 Ofo), quartz.
Accessory minerals: Microcline, muscovite, rutile, allanite, tourma

line, apatite, graphite, ore.
Alteration minerals: Chlorite, green biotite, actinolite, zoisite,

sericite, goethite.

Biotite occurs in two distinct generations. It is generally concen
trated in lepidoblastic aggregates forming elongate zones probably con
cordant with the original bedding. These matic zones are separated by
thin beds composed essentiaIly of a quartz-oligoclase assemblage. The
quartz crystals contain many liquid inclusions, concentrated generally
in the central part of the grains.

Albite replaces biotite and oligoclase and is itself replaced by late
microcline. Oligoclase and microcline form locally diablastic intergrowths.

Many graphite- and pyrite-rich layers are found in the
biotite schists. The pyrite is for the major part decomposed into goethite
and other limonite-minerals. These alteration minerals account for the
red-brown colour of the pyritic schist layers.

b) The biotite-garnet schist: (the upper part of unit III).

Structure: Schistose, generally fine-grained.
Texture : lepidoblastic, locally granoblastic or porphyroblastic,

with garnet porphyroblasts.
Principal minerals: Biotite, oligoclase (15-20 Ofo An), albite (An

5 Ofo), quartz, garnet, andesine (An 35 Ofo).
Accessory minerals: Muscovite, microcline, epidote (clinozoisite),

diopside, hornblende, zircon, rutile, graphite, ore, sphene.
Alteration minerals: Sericite, saussurite, epidote, chlorite, green

biotite.

Albite developed interstitially from oligoclase and biotite. It is
locally accompanied by minor amounts of epidote. Garnet occurs mostly
as poikiloblasts, containing inclusions of quartz and biotite. It is often
partially replaced by a fine-grained aggregate of granular plagioclase.
Andesine xenoblasts have in some places partly replaced oligoclase.
Quartz and oligoclase form interlobate granoblastic aggregates enclosed
by biotite-rich zones. Diopside has rarely been observed forming dia
blastic aggregates with quartz.
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The quartzite unit (Unit IV).

a) The quartz schist- (forming the whole of unit IV in the SW part
of the area).

Structure: Massive granular zones alternating with more schistose
layers. Fine- to very fine-grained.

Texture : Grano-lepidoblastic, generally isogranular.
Principal minerals: Quartz (35 to 500f0 of the rock), oligoclase

(10-200f0 An), biotite.
Accessory minerals: Microcline, albite, muscovite, rutile, zircon,

allanite, ore.
Alteration minerals; Chlorite, sericite.

Quartz, oligoclase and microcline form interlobate granoblastic aggre
gates in elongate zones and layers of variable thickness (2 mm to 3 cm)
These acid zones alternate with more basic ones in which biotite is a
major constituent. The biotite-rich layers are usually very thin. Near
the top of the unit, diopside, epidote and hornblende appear together
with the biotite in the basic zones.

b) The quartzite: (forming the whole of unit IV in the NE part of
the area).

Structure: Massive, generally banded with darker horizons; fine
to very fine-grained.

Texture : Granoblastic isogranular.
Principal minerals: Quartz (50 to 70 Ofo of the rock), biotite, oligo

clase-andesine (An 15-35 Ofo), microcline.
Accessory minerals: Muscovite, ore (predominantly hematite), alla

nite, albite, rutile, zircon, tourmaline. Moreover, at the
top of the unit, the quartzite contains diopside, epidote,
garnet, hornblende and sphene, while at the base silli
manite, cordierite and hypersthene have been observed.

Alteration minerals: Chlorite, epidote, sericite, saussurite.

Quartz forms with plagioclase and microcline xenoblastic interlobate
masses in which biotite grew as isolated grains with random orientation.
Mafic bands occur in the quartzites and are essentiaIly composed of
biotite with minor amounts of quartz and feldspar. Near the top of the
unit the mafic bands contain diopside, hornblende and epidote. Diopside
has here also been observed as isolated crystals in a matrix of finely
crystallised quartz and feldspar. It appears to be pseudomorphous after
chlorite and to follow an arrangement outlining the probable original
borders of the c1astic grains (fig. 10).

172 3



34 A. ESCHEH IX

In some places neal' basic siJls, the quartzite is impregnated with
inLerstitial hornblende. HemaLite-rich zones have frequently been ob
served, in which the hcmatite ean amount to 20% of thc rock.

lmm

Fig. 10. Diopside ery tal arrangement ouLlining thc probablc original borders of
th clas tie grains. The matrix is formed of finely cl'yslalli, cd quarLz and fcldspal'.

QuartziLe neal' Tascl'lniut fjOI'd, Slide Ko. 6360?

The base of the quartzite unit is characterised in the 'E part of
thc U1'ea by the presence of sillimanite, cordierite and small amounts of
hypersthene. The rock is her'e vel'y fine-grained and could well be con
fu 'cd with an homogeneou gnei s.

The volcanic unit (Unit V forming the upper part of the supra
crustal rocks of the area).

It has been demonstraLed in chapter II that the volcani unit con
sists af a great variety of rocks: pillow lavas, tuffites, lapilli, aO'glomerates,
green schi 'ts, quartzites, quartzitic slabs, basic and ultrabasic siUs, and
mica hist. As the petroO'raphic investigation is not extensive enough
to give a detailed dcscl'iption af each of the e rock specie' the descriptions
will be limited to the thl'ee principal ro k-types; the pillow lavas, the
green schists and the meta-gabbro siJls.

a) 1'he pillow lava: (forming layers throughout the whole unit).

Strueture: neal pillow stru tures ean be observed in two localitie
in the investigated area: north of lake 410 m and an
the western flank of Quagdlua mountain. Otherwisc
the pillaws are always quite flattened and difficult to
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identify. Usually the borders of the pillows are dark
green (amphibole), while the central part is more yellow
ish (epidote). This zoning is characteristic even in the
places where thc pillows are completely crushed, for
ming thin discontinuous layers of aliernately amphibolc
rich and epidote-rich beds.

Texture: NematobJastic to grano-nematoblastic in the crushed and
ilattened parts, and heteroblast,ic in ihe more undis
turbed parts.

Principal minerals: In the border zones af the pillows: amphibole
(common green hornblende and actjnolite), biotjte, al
bite (An 5Ofo), quartz. Jn the central parts: epidote
(cJinozoisite and pistacite), zoisite, quartz, amphibole.

AccessOl'Y minerals: Oligoclase (An 25 Ofo), calciie, museoYite, chlo
rite, sphene, apatite, zircon, microcline and ore.

Alteration minerals: Serieite, saussurite, ehlorite, vermiculite.

Most common is da.rk green hornblende, forming together with
albite-oligoelase, biot,ite and quartz nematoblastic Ol' heteroblastic aggre
gates in the usually wide border zones of the pillows. Albite appears to
expand in most cases by replaeement af hornblende and biotite (fig. 11).

Fig. H. Border zone of a pilJow-lava neal' lake 410 m. Amphibolc (A) is partly
J'eplaced by albiLe (Ab). Biolile (B) is developed in cracks and fissures in the amphi
bole. EpidoLe (e) is presenL in small isolaled grains surl'ounded by quarLz. Slide

:\To. 51663.

It sometimes forms large poikiloblast' containing roany remnants of
amphibole, biotite and oligoclase. The central parts of 1,he pillows are
predominantly formed of hetef'Oblastic associations of cpidote, zoisite and
hornblende with granular quartz Ol' eale.ite (fig. 12). The erystal habit

3*
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of epidote and zoisite ugge ts in some place that they filled original
vesicles.

Moreover, in other places, cavities between pillows are filled with
carbonates and quartz. Howevel', in most ases the piJlows are com
pres cd and f1attoned in such a way that all original cavitios Ol' infilled
materials ha\'e disappeared.

l mm

Fig. 12. Central parl of a pillow in lhe pillow-lavas neal' lake 410 m. Epidote (E)
and zoisite (Z) IOl'm aggl'egales of large cl')"slals, pos ibly by inf1lling of original

vesicles.• lide N"o. 51662.

b) The ba ic schists: (Green schi ·ts, interbedded In the volcanic
rocks throughout tho unit).

Stru ture: chisto c, modium- to fine-grained.
Texture : Pl'edominatly lepidobla' Lic.
Principal mineral: Actinolito, albite-oligocla e (An 5-15°/0), chlo

rite, epidote, quartz., biotite. In the 10\\'0 ,t part of uniL V
the green schists contain, moreovor', appre iable amounts
of common green hornblende, whilst in tho upper part
mu covite is an important constituent.

Acces ory mineral : Sphene, apatite, 7.il'con, tourmaline, allanite
and ore.

Alteration minerals: Sericite, saussurite, chlorito, vermiculite, leu
coxene.

Biotite pre ent here and there a strong pleochroism with X clear
yellow and may thercfOl'e belong to the ·tilpnomelane variety.

Late albite replaces mo t af the other principal minerals. Allanite
occur within epidote crystal a malI orange crrain , Sphene form often
kelyphitic association' amund are grain .
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Ultrabasic schists are sparsely interbedded in the green schists,
particularly in the basal part of unit V. These schists are principally
composed of tale, actinolite, chlorite and minor amounts of hornblende.

c) The gabbro: (Forming many sills, particularly in the lower part of
the volcanic unit).

Structure: Massive, often fine-grained in the horders and coarser
grained in the centre. Some sills are entirely fine- to
very fine-grained and may originally have been micro
gabbros.

Texture: Granoblastic to grano-nematoblastic. Nowhere ean resi
dual igneous textures be observed. In many places
catac1astic textures due to intensive shearing ean be
seen.

Principal minerals: Amphibole (common green hornblende and
actinolite), albite (An 5%), biotite (particularly in the
border zones of the sills).

Accessory minerals: Quartz, chlorite, epidote, microc1ine, sphene,
apatite, ore (magnetite), oligoc1ase (An 25%).

Alteration minerals: Chlorite, saussurite, sericite.

The border zones of the sills are generally characterised by the
presence of large quantities of biotite forming elongate lepidoblastic
aggregates parallel to the contacts. Intensive albitisation has in many
places been observed. Close to pegmatites microeline sometimes replaces
the "late" albite.



V. PETROGENESIS AND METAMORPHISM OF
THE KETILIDIAN SUPRACRUSTALS

The metamorphic facies of the supracrustal rocks

In the preceding chapter it has been shown how the mineralogical
composition varies from one unit to the other. It will now be established
to which metamorphic facies the different supracrustal rocks belong.
The classification used here is based on the subdivision of metamorphic
rocks into characteristic mineral assemblages by ESKOLA (1939) and,
with modifications and expansions, by TURNER (1948).

The highest degree of metamorphism is found in the basal gneisses
of unit I in the coastal area E of Tusardluarnåq near Tasermiut fjord.
The characteristic mineral assemblage, sillimanite-garnet-hypersthene,
indicates that these rocks probably belong to the granulite facies. This
is confirmed by the presence of mesoperthitic oligoclase and strongly
microperthitic potash feldspar. However, the fact that biotite is still
present and that hypersthene is only present in minor quantities indicates
that the basal gneisses only belong to the lowest granulite facies. Another
place, where probably low-granulite facies conditions were reached, is
situated at the base of the quartzites in the NE part of the area. There,
besides sillimanite and cordierite, small quantities of hypersthene were
also found.

Most of the quartzites, gneissic schists and schists of the Nanortalik
area belong however to the amphibolite tacies. This is proved by the typical
mineral assemblages, hornblende-biotite-plagioclase and biotite-plagio
clase-microcline-quartz, which characterise the rocks of the semi-pelite,
pelitic schist and quartzite units (units II, III and IV). The gneisses
and gneissic schists of the upper pelitic gneiss unit (unit I), overlying
the granulite-facies gneisses, belong also for the major part to the amphi
bolite facies of metamorphism. The presence here of accessory sillimanite
and cordierite together with garnet shows, moreover, that these gneissic
rocks reached the highest degree of amphibolite-facies metamorphism
and that they belong to the sillimanite-almandine subtacies.

The lower limit of the amphibolite-facies metamorphism, where
oligoclase becomes unstable and gives way to the assemblage albite
epidote, was reached within the upper quartzitic schists in the central
part of the Nanortalik peninsula. This is clearly shown by the appearance
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in the upper part of these quartzitic schists of epidote together with
hornblende and albite and by the disappearance of oligoclase. Therefore
it ean be said that the albite-epidote-amphibolite facies of metamorphism
starts in the upper levels of the quartzitic schists of unit IV. The over
lying volcanic rocks and green schists also reached to a small degree
the albite-epidote-amphibolite facies of metamorphism. This is the case
in particular with the lower green schists, in which the typical mineral
assemblage, hornblende-epidote-albite-(biotite-quartz), ean be observed.

The major part of the volcanic unit in the area under discussion,
however, reached only the greenschist facies of metamorphism. This is
shown by the assemblage, actinolite-chlorite-epidote-albite-quartz-bio
tite, which characterises most of the green schists, pillow-Iavas and
gabbro sills. In the upper part of the volcanic unit, and particularly in

T ab l e 2. The principal supracrustal rock types and the corresponding
metamorphic facies in the central and SW part of the Nanortalik area.
(Classification according to ESKOLA modified and completed by TURNER).

Unit Rock type Typical minerals Metamorphic facies

Upper Muscovite-albite-chlorite Muscovite-chlorite
green schist epidote-quartz subfacies

V Middle green Actinolite-chlorite- GREENSCHIST

schist, gabbro and epidote-albite-quartz- FACIES

pillow-lavas biotite. Biotite-chlorite subfacies

Lower greenschist Hornblende-epidote- ALBITE-EPIDOTE-

Upper quartz- albite-biotite-quartz AMPHIBOLITE

zitic schist FACIES
IV

Middle and lower Quartz-plagioclase-
quartzitic schist biotite-microcline

Biotite-garnet

III schist Biotite-plagioclase-

Biotite schist quartz-garnet AMPHIBOLITE
FACIES

Quartz-biotite
schist Biotite-hornblende-n
Black biotite plagioclase-quartz

schist

Gneissic garnet Sillimauite-cordierite- Sillimanite-almandine
schist almandine-plagioclase subfacies

I
Garnet-sillimanite Sillimanite-cordierite-
gneiss hypersthene (-quartz- LOW GRANULITE

microcline-plagioclase- FACIES
biotite)
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the upper green schists, biotite has a tendency to disappear and to make
way for the muscovite. This indicates that these schists belong to the
lower greenschist facies (the muscovite-chlorite subfacies).

The central part of the gabbro sills and usually also the central
zones of the groups of pillows seem, on the whole, to possess a slightly
higher degree of metamorphism than the surrounding greenschists. For
instance, the pillows often contain, beside the typical greenschist minerals,
a basic oligoc1ase (An 25%), This mineral is theoretically not stable in
the greenschist facies (TURNER and VERHOOGEN 1960).

In table 2 a summary is given of the different metamorphic facies
and the corresponding rock-types which ean be found in the Nanortalik
peninsula.

Petrogenetic considerations ; relations between deformation and
metamorphism

It is not in the scope of the present investigation to give a detailed
account of all the different transformation-phases of the rocks. However,
the petrographic observations mentioned in the preceding chapter allow
a few petrogenetic conc1usions to be drawn.

Recapitulating, the principal observed facts are as follows:

1) In most pelitic rocks of the Nanortalik area at least two generations
of biotite ean be distinguished. The first of these generations usually
shows micro-plications and appears to be the only important mineral
which still presents the effects of a strong plastic deformation. This
early biotite is partially replaced by most of the other minerals.

2) In the basal gneisses sillimanite seems to be undeformed in most
cases. The apparent curvature of the sillimanite aggregates is generally
only due to the faet that they replaced curved biotites. Each silli
manite needle taken separately is quite straight (fig. 8).

3) Garnet occurs mainlyas poikiloblasts containing inclusions of quartz,
oligoc1ase and early biotite. Late biotite often partially replaces the
garnet. When in contact with sillimanite, garnet usually shows that
it has grown by pushing aside the sillimanite bundles.

4) Hornblende, when present, is often corroded by late biotite, plagio
c1ase, quartz and garnet.

5) Albite is in most cases developed as large interstitial crystals replacing

all the other minerals except late microc1ine and quartz.

6) Microcline appears in two generations: A first generation of micro
cline probably formed together with quartz and oligoc1ase in the
lower rock-units. This early microcline was formed locally as augen
in shear-zones due to fracture-cleavage. A second gen eration of
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microcline was developed, generally together with quartz, as a partial
replacement of most of the other minerals, including late albite.

7) With the exception of the first-generation biotite, the rock-forming
minerals appear in most cases to be undeformed. Locally however,
small-scale fracture-cleavage and shearing ean be observed which
affects most minerals except late microc1ine, albite and quartz.

From these facts the folIowing conc1usions ean be drawn:

a) The early biotite has been formed before the other actually observ
able minerals. It seems to be a remnant of a first synkinematie phase
of metamorphism which probably took place during the second and
principal Ketilidian folding period. This may be deduced from the
faet that the early biotite is mostly deformed in a plastic manner
and that the second folding period was characterised by a plastic
deformation.

b) The first phase of metamorphism was followed by a second in which
quartz, oligoc1ase, hornblende, biotite and in the basal formations
sillimanite and cordierite were formed. All these minerals are deformed
by small-scale shearing and fracture-c1eavage which probably took
place during the third folding period. Therefore it ean be assumed that
this second phase of metamorphism was effective after the second
and probably at the beginning of the third deformation phase. As
mentioned earlier in this paper, the third Ketilidian deformation
period acted probably upon a less plastic and more rigid mass. This
could explain the faet that the minerals formed during the second
phase of metamorphism are generally undeformed except by shearing
or fracture-cleavage.

c) A third phase of metamorphism accompanied by metasomatism and
addition of Si, Na and K resulted in the crystallisation of quartz,
oligoc1ase, microcline, garnet and biotite. The faet that micrOc1ine
and oligoc1ase developed as augen in shear zones, formed during the
third Ketilidian folding period, indicates that the third phase of
metamorphism was connected with the third folding period.

d) Considerable albitisation occurred at the end of the third folding
period and after the third phase of metamorphism.

e) The albitisation was accompanied and followed by a large-scale
microc1inisation. It seems quite probable that the microc1inisation
continued even after the Ketilidian period.

All these conc1usions concern only the most important minerals
which were found in the middle and lower units. The introduetion of
microcline even after the albitisation is in accordance with the views
of several authors (DRESCHER-KADEN 1948).
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Table 3. Hypothetical representation of the different times at which
the principal minerals of the pelitic schist unit were formed.

Second Ketilidian Third Ketilidian folding period

folding period
I Shearing I Late metasomatism

Oligoclase ........

I

I
I

I
Albite ...........
Microcline ........ -1--
Biotite ...........
Garnet ........... I- I -
Hornblende ...... I
Sillimanite ....... 1== I
Cordierite ........
Quartz ........... ---- I i I

It seems likely that the first and second phases of metamorphism
were progressive and acted under the influence of increasing temperature,
as shown by the formation of sillimanite from biotite. On the other hand,
the third phase of metamorphism appears to have been active during
a decrease in temperature (obliteration of sillimanite and crystallisation
of plagioc1ase and garnet). This third phase must thus have been slightly
retrogressive.

Table 3 gives a hypothetical representation of the different periods
at which the principal minerals of the pelitic gneiss unit were formed.

Retrograde metamorphism acted locally in fractures and shear zones
and resulted in the chloritisation of biotite and amphibole, in the forma
tion of epidote, and in the saussuritisation and sericitisation of feldspars.
These alterations may be partly recent and may have been caused
partly by the hydrating influence of metasomatism and pegmatitisation
during late-Ketilidian times. Similar conc1usions were reached by OEN
ING SOEN (1962) in the Ivigtut district.

The present spilitic composition of the pillow-lavas might be a
result of automorphism of the original basaltic lavas, followed by a
further adaptation of the mineral assemblage to the greenschist facies
of metamorphism (TURNER and VERHOOGEN 1960).

The fact that the central zones of the groups of pillows and gabbro
sills often possess a higher degree of metamorphism than the surrounding
green schists can be explained by assuming that these zones were more
isolated and thus kept longer their original composition.



VI. THE KETILIDIAN

MIGMATITES AND ASSOCIATED PEGMATITES

Generalities, definitions

The term migmatite is used here according to the definition of
TURNER and VERHOOGEN (1960): "A mixed rock in which a granitic
component (granite, aplite, pegmatite, or the like) and a metamorphic
host rock are intimately admixed on a scale sufficiently coarse for
the mixed condition of the rock to be megascopally recognizable".
In the area under examination most of the schists correspond to this
definition and should be called migmatites. The under1ying gneisses and
the overlying quartzites and volcanic rocks show only local, minor
migmatitic features. This migmatisation seems here to have been pro
duced essentially by a metasomatic enrichment in quartzo-feldspathic
material.

In the field the migmatitic rocks of the Nanortalik area are charac
terised by the presence of a multitude of small and large veins composed
predominantly of quartz and feldspar. These veins correspond to the
definition of pegmatites as used by RAMBERG (1956) in other, more northern
regions. This definition comprises all kinds of essentially quartzo-feld
spathie vein-, dyke-, or sill-shaped bodies which are coarser-grained and
apparently younger than their host rocks, even if their structure is
fine-grained and aplitic.

In the Nanortalik area the pegmatitisation is the most striking
effect of the migmatisation. Therefore it is clear that by folIowing the
genesis and development of the former a fair idea about the evolution
of the migmatisation process ean be obtained. This is the reason why
the Ketilidian pegmatites have been specially investigated in the Nanor
talik area. Four different generation-groups of Ketilidian pegmatites have
been distinguished, each successive generation cutting and partly re
placing the former.

The first group consists of generally very thin (0.1-2.0 cm) and
continuous veins, which are mostly parallel to the schistosity and which
might be aresult of pure gneissification due to early regional metamor-
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Fig. 13. 'econd-gcneralion pcgmalite in biolile sehisl near lake ~30 m. Thc sub
concordant vein cuts and parliaIly J'eplaces lhe lltin first-phase pegmatitcs.

phism. Their stru ture i fine-gr-aincd apJitic, hut the O'rain- ize i u ually
eoarser than that of thc hosL rock.

The second group appears to he more important Lhan the ursL.
The pegmatite cut the earlier anes and commonly replaco them along
tho schistosity planes (fig. 13).

The second-generation veins are gener'ally disconiinuous and ean he
concordant, subconcordant Ol' discor'dant with respect to the foliation
Ol' bedding. Their thickness varies mostJy between 0.5 and 10 cm and
thcir' Jcngth may reach several meters, bllLllsually docs not exceed 50 cm.

They commonJy impregnate completely the schisls and ean amount
to 60 y ol. Ofo of the rock. The veins are generalJy foJded and 10cally
prcscn t ptygmatic stru tures. The mineral al'e fi nc- to medium-grained.

The third grou p compri es medium- to coarsc-grained, relatively
Lhick (2-50 rn) peO'matite which seem Lo ha ve formod preferentially
along joints and fra ture plane. Their lcngth "aries from 50 cm to 10 m.
They are generally discor'dant and in many l lace show fold LrucLurcs.
\iVhen cutting ea"'ieJ' pcO'maLitcs, the third- l1eneration vein ofLen form
cloudy aggregate af quartzo-feldspathic maLcrial, replacinO' the alder
pcgmatites and part of Lhe hosL rock (fiO'. 21).
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Fig. 14. Foul'th-gencJ'alion, lal'ge pegmaliles concordanl wilh the foliaLiull. Gneissic
schist formalion on a mali i land S of 0:anorl,nlik harbour.

The fourth gl'oup is represented by vory lhiek pegmaliles (50 cm
to 60 m). Theso in places a sume Lhe shape of huge lense Ol' undulating
sills. Thoy are generally concordant Ol' subconcordanL wiLh Lhe schisto
siLy and ean aften bo traced fOI' everal hundred meters. Chal'actol'isLic
is the presence of pinch-and- well truetures in which the pegmatitic
material has partIy pushed aside and has pal'Lly replaced the urrounding
rock. Deformation seems to have acLed only Lo a minor degree upon tho
KeLilidian fourth generation pegmaliles. Frequently large peamatitcs af
thi generation are found along con ordant planes separaLing zone of
\'ery schisto e rocks from more compart anes. The composing minerals
are generaily coarso- to vel'y coarse-O'rained. However, med ium- Lo fine
gmined zones ean in many plaee be ob erved within Ol' on the borders
af the pegmatite body,

The large fourth-group pecrrnuLi Les al'e most con picuou' throughout
the whole peninsula in Lhe schists and gneissic chisLs (fig. 14). They
""Cl'e mentioned by WEG~lAi'ii'i (193 ) in Lhe Nanortahk island arca.

Simila1~pegmatites with typical pinch-and-swell strucLur'es have
been observed in the area NW of Jvigtllt by OE . ING SOE (1.962).
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Composition and grain size of the Ketilidian pegmatites

All the Ketilidian pegmatites are essentiaIly composed of quar'tz
and feldspar with minor amounts of biotiLe, muscovite, garnet and
epidote. LocaJly, very smaJl amounts of diopside, hornblende, cWorite,
silJimanite, cordieriLc, sphene, apatile, graphite Ol' zircon ean be found.
Moreover, ore minerals are present as accessaries in most pegmatites.
Tourmaline and beryl are only aminol' consLituent of the large fourth
generation pegmatites.

lmm

Fig. 15. Strings or inclusions in qual'tz in a small pegmutite yein neal' lake 430 rn.
The dir'eetion or the strings is c1ear'ly parallel to tllc clongalion or tllc biotites in

the sehist. Slide TO. 63631. .

Quartz generally occur's as granoblasLic aggregaLes and rarelyas
porphyroblasts. It often displays a strong undulatory extincLion and it
usuaJly con titutes 30 to 60 voJ. % of the pegmatite rock. Graphic inter
growth af quartz and potash feldspar occurs locaJly. With acidic plagio
dase, quartz commonly forms irregular macromyrmekitic intergrowths.
1any inc1usions are found within the quartz crystals. They are generally

very smal! and form strings parallel to the schistosity of the host rock.
The direction of the strings is independent of the crystal structure and
often cuts difIerently oriented quartz grains (fig. 15). The material of
the inc1usions is mostly formed of biotite, graphiLe and chlorite fragments.

The f el d sp ar generally constitutes 4.0 to 70 vol. Ofo of the pegma
tite rock. In the first- and second-generation veins the feldspar is pre
dominantly represented by an acidic plagioclase (oligoclase 18% An Ol'

albite-oligoclase 5 % An). In the third- and fourth-generation pegmatites
the most common feldspar is microcline. Orthoclase is only a minor
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constituent in all the pegmatites. The presence of microc1ine is characte
ristic of the very coarse-grained zones in the latest pegmatites. Anti
perthitic plagioclase and mesoperthitic alkali feldspar only occur in
pegmatites of the small gneiss area E of Tusardluarnaq. In all the other
regions they appear to be absent. The texture of the feldspar grains is
generally xenoblastic. The grains are moreover often strongly poikilo
blastic and contain numerous relics of earlier formed minerals. This is
particularly the case with the large microc1ine crystals which generally
contain many relics of replaced plagioclases.

B i ot i t e a n d m u s cov i t e occur as lepidoblastic aggregates and
streaks in the pegmatites. They mostly seem to be relics of mica schists.
The direction of the streaks and strings is almost always parallel with
the schistosity of the surrounding rock. In some places in the fourth
generation pegmatites, aggregates of very large recrystallised biotites
and muscovites are found. Biotite is generally more abundant than
muscovite, but never amounts to more than 10 vol. % of the pegmatite
material.

The presence of the accessory minerals mainly depends on the com
position of the host rock:

In garnet-rich schists and gneissic schists the pegmatites contain
appreciable amounts of garnet crystals. This is particularly the case in
the garnet-rich schist horizons of the area around lake 430 m. In these
horizons the various generations of pegmatites also appear to contain
different generations of garnets. The garnet crystals are generally re
crystallised within the pegmatite as poikilitic porphyroblasts. Pushed
aside borders of small residual biotite flakes are commonly seen around
the large garnets. The youngest garnets are always larger than the
older ones. All the examined garnet crystals in the pegmatites probably
belong to the manganese-rich variety, as shown by their low refractive
index (1.74) and by the absence of birefringence.

Hornblende (common green variety), epidote (zoisite) and
diopside occur in the pegmatite veins which transectthe amphibole
and epidote-rich volcanic rocks.

Graphite is common in pegmatites cutting the graphite bearing
schists, while silIimanite and cordierite have been observed only
in the gneiss- and gneissic schist-pegmatites.

A Il a n i t e is sparsely found as inc1usions in epidote or in biotite,
showing a pleochroic halo in the latter case.

Sphene forms pink grains showing weak pleochroism and is often
altered to a mass of leucoxene surrounding grains of ilmenite.
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The grain size of the pegmatites is larger, as mentioned before, in
the younger veins than in the older ones. The first- and second-genera
tion veins are generally aplitic with grains varying in size between 0.6
and 1 mm. They are nevertheless coarser grained than the host rock.
The third- and fourth-generation veins are generally coarse- to very
coarse-grained with crystals varying in size from 0.5 to 5 cm. Excep
tionally, perthitic microcline crystals with a diameter up to 40 cm were
observed within the very large late-Ketilidian pegmatites.

Regular zoning, so common in later post-Ketilidian veins, does not
seem to exist in the older pegmatites. However, an irregular zoning due
to a difference in grain-size is common within the third- and fourth
generation veins, where irregular elongate aplitic zones can be observed
forming the centre or the borders of the pegmatite. In every case obser
ved, the large crystals appear to have grown later and partly at the ex
pense of the small ones. Moreover, microscopic examination shows that
the aplitic parts are essentially composed of quartz and albitic plagioc1ase
(5-8°/0 An), whilst the coarse-grained zones are characterised by the
presence, besides quartz, of large quantities of microcline.

Other irregular zoning, due to differences in composition, is rare
among the Ketilidian pegmatites. In the few known cases it is due to
selective concentrations in marginal or central zones.

Composition of the Ketilidian migmatites

Besides the pegmatite veins, there are several other phenomena
which characterise the Ketilidian migmatites. The most important are:

1) Cloudy aggregates of granitic composition replacing the schists.
2) Impregnation of the rock by numerous isolated feldspars (mostly

acidic plagioc1ase) leading to a partial albitisation of the rock.
3) Concentration of calcic and ferromagnesian material within the schist

in zones bordering the pegmatites.
4) Formation of calcite veins, probably due to expulsion of Ca from

the replaced rock.
5) Formation of pure quartz veins.

However, all these characteristic mineral associations only form a
very small part of the migmatite volume in comparison with the
amount of pegmatite veins.

In three different places in the migmatitic schist area around lake
430 m, samples were taken of schist and pegmatite. In addition, in each
locality the volume-proportion of the pegmatite to the schist was evalu
ated with help of a network superposed on the rock or on close-up
photographs. Each rock sample was examined under the microscope and
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Table 4. Estimated mineral compositions of three migmatite samples
taken in the area near lake 430 m.

Na. sample
63609 A, B 63611 A, B 63641 A, B

Val. o;. Val. "Io Val. "Io

Quartz ............... 25 32 27
Micracline ............ 12 15 18
Plagiac1ase (An 5-10 "Io) 28 20 16
Biatite ............... 18 18 22
Muscavite and Chlarite. 6 5 8
Garnet ............... 7 6 4
Access. minerals ....... 4 4 5

the proportions of the various predominant minerals were estimated by
point-counting. The final result, giving the approximate composition of
the complete migmatite (schist and pegmatite), is given in table 4,
which shows that the migmatites in the vicinity of lake 430 m are rela
tively rich in quartz and that their composition is granodioritic for the
first two samples and granitic for the last.

Localisation and genesis of the Ketilidian pegmatites

Most Ketilidian pegmatites are found in the schists and gneissic
schists, while in the more compact underlying gneisses and overlying
quartzites and volcanics these veins are unusual. Most of the tension
joint pegmatites in the volcanic series have been proved to be post
Ketilidian.

The localisation of Ketilidian pegmatites seems principally control
led by pre-existing planes such as fraetures, faults, schistosity or bedding.
These surfaces probably acting as "privileged paths", as defined by
READ (1957), directed the migration and concentration of quartzo-feld
spathie material.

Some Ketilidian pegmatites are localised in tension joints, developed
in relatively compact rocks intercalated with more schistose layers. For
instance this ean be observed in some amphibolitic layers surrounded
by gneissic schists SW of Tusardluarnåq. These basic layers contain in
some places large masses of quartzo-feldspatic material, which replaces
the amphibolite over considerable distances.

RAMBERG (1956) observed similar phenomena further to the north
and explained them by areplacement of the ferromagnesian minerals
by quartz and feldspar in local spots of maximum tensile stress within
the originally homogeneous and continuous basic rock layers. The gneis
sic-schist and schist formations commonly contain such pegmatitic con
centration formed in pressure shadows of more rigid layers.

172 4
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Fig. 16. Nebulitic structure within a large pegrnalite on the S coasl of SUl'qå fjord.
The sll'uclure lrend in lhe arne dil'eclion a lhal of the en losing schists.

It is clear thaL Lho omplacement of the pegmatite cannot be ex
plained by one single meellani m and that it must bo lhe resulL of sovoral
combinod processes. However, field and laboratory observaLions show
that aU the KetiJidian pegmaliles ha ve been forrned principally by
melasomalie replacemenl and not by injection and crystallisation of a
melt. Thi i demonstrated by foJlowing observations:

1) The pegmatites orlen contain practical1y undisturbed remnanls
of the partially replaced rock, forming nebujiLie structures (fig. 16). The
foliation observed in the inc1usions is always concordant with the folia
tion of the host rock. This proves that the relics of Lho partially replaced
rock have not been rotated Ol' dispJacod. an a micro copie eale, similar
phenomena ean be obsel'vod partieularly in quartz grain , whieh often
contain inclusion-string of lho arne orientation a the chistosity of
tlte host-rock (fig. 15).

2) Often the geometry of a cross-culting pe l1matite and that of the
enclosing rock shows that there has been no dilation of the original
diaclase. This is clearly hown by the continuation in the same plane
of di tinctive layers on either side of the eros. -cutting pegmatite (fig. 17).
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Fig. 17. Examplc of nond ila li OJl replacemenl pegmatite. Typical layel's in lhe schist
continuc in thc same plane on bolh sides of the vcin. 'I'hil'd-gener<llion pegmatitc

neal' lake 260 m. Width of the vein 20 cm.

3) In 'ome places it ean be seen that Ketilidian pcgmatite expanded
by gro\vth of more Ol' le s isolatcd quartz and feld par porphYl'oblasts
within the country rock. This is particularly clear around thc large
third- and fourth-generaLion pcO'matites.

4) The faet, as mentioned in Lhe preceding pages, that the compo
sition of the pegmaliles depcnds grcatly on the composiLion of thc host
rock also jndicatcs an probable origin by replaccrnent.

5) The mineral associations in the pegmatite vein. indicate that they
belong in most case to the arnphibolite facies af metamorphism. Trus
means that the pegmatites wer'c formed at a temperature hela\\' 6000

and consequcntly below magmatic temperaturc.

Sevcral other, more theoreticaI arC'uments for an origin hy replace
ment in thc solid state are mentioncd hy RAMJJEHG (1956) and are a]so
applicable to the KetiJidian pegmatites under discussion. It is unneces
sary to rep cat them here. From all the observations it follows that most
of the KetiJidian pegmati Les were forme d by nondilaLion replacemcnt
(GOOD PEED 1940). A small number af them, however, appeal' to have

4.*
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Fig. 18. Swell-struclul'e on lhe border of a large fourth-generalion pegmatite. It is
obvious that the 'chist has been pu hed aside plaslicaIly. Gnei si schist formalion

neal' r anortalik harbour.

been formed in slowly expanding joints and were thus only partly
formed by replacement.

Moreover the large, generally concardant, pcgmatites belonaing to
the fourth generation often indicate that they have partly grown by
pushing a 'ide the host rock. These typical swen tructures show that
the s hi t has been pushed apart in a plastic \Vay (fig. 18). As, according
to RAMBEHG, no silicate meIt can push aside the surrounding schist
plastically, it Seems likely that the expandinO' pegmatite grew in the
solid state. The pre 'ence of the swell structure indicates that Iocally
there has been more volume added than replaced. However, as the swell
are generaJly accompanied by pinches in the same pegmatite, the struc
ture could be the result of a tectonic stl'etching of the pegmatite, in which
case the more mobile quartzo-fcldspathi material must have moved by
recrystallisation from high- to low-prcssure points.

It has been shown previousIy that in the late-Ketilidian third- and
fourth-gcneration pegmatites a zoninO' commonly occurs. This zoning is
formed by plagioclase-rich flne-grained to medium-grained lenses gener
ally enc10scd in microcline-rich coarse-grained mas es. It has also been
demonstratcd that the coarse-grained part alway appears to have ex
panded partially by replacing and partIy by pushing aside the flner-
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grained part of the pegmatite. These facts indicate that the large
late-Ketilidian pegmatites were probably forrned in two successive
stages:

1) Formation of relatively thin and fine-grained veins of predomi
nantly quartz and plagioclase (albite-oligoclase).

2) Partial microclinisation, and further expansion of the first-formed
vein essentiaIly by growth of coarse-grained quartz and microcline.

The first stage may represent the final part of the period during
which albitic plagioclase was forrned as a principal mineral in the mig
matitic veins. For, as we have seen, albite-oligoclase is an important
constituent in all the first- and second-generation pegmatites. Then the
second formation-stage of the large third- and fourth-generation pegma
tites corresponds probably to the beginning of a large-scale microclinisa
tion. The fact that the microclinisation comes later than the "albitisa
tion" can be explained by the greater mobility of Na compared to K
(LAPADU-HARGUES 1945).

The localisation of the very large fourth-generation pegmatites is
in some places determined by anticlinal structures in which the pegma
titic material became locked. This was observed in the more or less
flat-Iying schists NW and W of the Perserajuk mountain, where weak
anticlinal arches localise very large late- Ketilidian pegmatites. Similar
pegmatite occurrences have been described by NOE-NYGAARD and
BERTHELSEN (1952) in the area near Nagssugt6q.

Recapitulating, it can be said that the Ketilidian pegmatites
were forrned essentiaIly by migration and/or secretion of quartzo-feld
spathic material in slip-planes and joints and by growth from these planes
by replacement, partially by pushing aside the host-rock and earlier
forrned veins. The feldspar of the early-Ketilidian pegmatites is prin
cipally represented by an acidic plagioclase, while in the later-formed
veins microcline is more abundant.

Relations between deformation and pegmatitisation during
the Ketilidian period

Field and laboratory evidence show that in the Ketilidian a distinct
relationship exists between the different deformation phases and the
different pegmatites. Each folding period acted in a different way upon
each generation of pegmatites. The area near lake 430 m (N of Quvners
suaq) was chosen to examine this problem, because in this area the
effects of the successive deformations are easy to recognize.
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As aIready mentioned in chapter III, the rocks of the region were
deformed during successive folding periods. The effects appear on a large
and small scale.

I) The first deformation mainly produced isoclinal folds with axes
trending NE to NNE.

II) The second deformation gave birth generally to open structures
with axes trending NW.

III) The third deformation produced very large and open folds with
ENE to NNE trending axes. This last Ketilidian deformation was accom
panied by a coarse fracture- or strain-slip-cleavage.

The folIowing results were obtained by the examination of large
scale rock sections perpendicular to the various foldaxes:

a) The thin first-generation pegmatite veins (P 1) appear in most
cases to be concordant with the bedding. Only when the layers are
strongly isoclinally folded by the first deformation, do the Pi veins not
follow the bedding, but continue along an axial-plane cleavage. an the
other hand, they conform exactly to the younger folds. These facts seem
to indicate that the first-generation pegmatites were formed along bed
ding- or schistosity-planes, and that they were formed after the first
and before the second folding-period.

b) The second-generation pegmatites (P2) are the most abundant
in the region. In the schist formations around lake 430 m, they generally
form 20 to 40 oIo of the total rock volume. Numerous macroscopic sec
tions perpendicular to the second fold-axis (NW), show:

1) That the P 2 veins are mostly slightly discordant and rarely strongly
discordant to the bedding.

2) That the P2 veins are folded in the same direction as but always
to alesser extent than the schist layers (fig. 19).

This last point permits one theoretically, by unfolding a P2 pegma
tite, to ascertain at what stage of the second folding the pegmatite was
emplaced. Most of the strongly discordant P2 veins show ptygmatic
structures. This seems logical, for they have been more compressed
longitudinally by the second deformation than have the more concordant
veins (fig. 23). Natural rock sections parallel to the NW axes show in
most cases a concordance in this direction between bedding and P 2
veins (fig. 21). All these observations lead to the folIowing conclusion :
The P 2 pegmatites were at one time formed during the second folding
period along discordant slip-planes which were parallel to the NW axes.

c) The third-generation pegmatites (P 3) have mainly developed
along cleavage-planes and fracture-planes discordant to the bedding
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Fig. 19. H.o k 'e '[jons pel'pendieular to the econd ::\\. fold-axes. Tlle P 2 pegma
Lite are cleal'ly folded in the same direction as, but to alesser degl'eo than the schist

Jayers. ,'ehi t formations al'ound Jake 1.30 m.

(figs.21 and 23). These sjip-planes ar'e the result of a coarse fraciure
Ol' strain-slip-cleavagc formed during the third Ketilidian deformation
period (see chapter 111). P3 I egmatitcs developed aIso partIy as repIace
ment of P 2 veins, in which case they follow the pre-existing P 2 fold
strueture . Anyway, they neve" appeal' to be deformed by thc seeond
folding. On the other hand, Lhe P 3 vein often how foId-structures
whieh must be a result af the lhird deformation period. This is elearIy
dcmonstl'ated in sections perpendiculOlr to thc lhil'd ;\I TE foId-axes.

. ./

-/
'/

/.
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Fig, 20, Feldspar porphyroblasls growing a' "augen" in fraeture·cleavage planes
cutting gneissic scllist" Tusal'dlual'nåq pen in ula,
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Fig. 21. Scction normal to the third -NE fuld-axes, slJOwing Lhe four generation
of pegmatites. The P 3 veins follow thc coarsc strain-slip-cleavage planes formed
during Lhe thil'd defor'maiion per·iod. SchisL formation neal' lake 430 m. Drawn arter

a colour photograph.

From these facts we may conclude : The P 3 pegmatites were formed
after the second and during the third folding-period. They grew mainly
along discordant fraeture planes.
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Fig. 22. Schematic interpretation of flg. 21, giving lhe probahlc directions of move
ment along the difTercnL fr'acLurc-plane (F 3, F l,) which gave birth to lhe pegmatitcs

p 3 and P 4.

A phenomenon which must bo more Ol' less conLomporaneou with
the formation af tho P 3 pegmatites ha been ob erved on the peninsula
af Tusardluarnaq. In several places a type af augon-gneiss has been
formed by the individual growLh af large feldspal' crystals in fracLul'e
clea,'age planes. This fl'acture-cleavage was formed during Lhe third
folding period as is indirated by its dil'cction parallel to thaL of the third
fold axes (NN E). IL j particularly dcveloped in the areas whel'e zone
af schisLs alLernate with quartziLes (fig. 20). The rounded form af tho
feldspar porphyroblasLs hows that they \Vere formed during Lhe de
formation.
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Fig. 23. bix thcOI"el icai stage' during the Ketilidian deformations and pegmati tisa
tiOD : 1) End of isorlinal folding r with axis A 1; emplacement of pegmatite P '1
along bedding Ol' axial-plane cleavage. 2) Beginning of folding II with axis A 2;
emplarement dUl'ing thi' folding of pegmatite P 2 along slip planes parallel to the
axis A 2. 3) End uf folding II. 4) Beginning of folding III ",ith axis A 3; formation
of train-slip deavage plane F 3. 5) ContimJalion of folding III: emplacernent of
pegmatite P 3 along plane li' 3, formation of buH F 4. 6) Formation of lal'ge pegmatite

l' • along plane F /,; end uf folding III.

d) The \'eI'Y large fourth-generation pegmatite (P4) euL all Lhe
earliel' one 1 and orLen replace them partially Ol' complelely. They are
usually roughly eoncordan L Ol' subconcordant with the layering, but
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transect all the minor structures. In some places the P4 pegmatites
follow pre-existing cross-cutting fractures or faults (figs. 20 and 21).

Generally, the fourth-generation pegmatites do not seem to be de
formed. Exceptionally, however, they can present fold structures which
must be due to the last Ketilidian deformation period. Moreover they
often present pinch-and-swell structures. From the above mentioned
facts the folIowing conclusions can be drawn: The P4 pegmatites were
formed at the end of the third and last Ketilidian folding period. They
were emplaced concordantly with the bedding and, now and then, also
along pre-existing cross-cutting planes. These planes may be the result
of fracturing and faulting generated by the third deformation. It is
likely that the concordant planes in which the P 4 pegmatites were
mostly formed are the result of shearing between the schist- and gneissic
schist layers. The concordant shear-planes were probably formed during
the third folding-period, when the deformed rocks were aIready slightly
more rigid than during the preceding folding phases (see chapter III).
They must have been important for they permitted the migration and
fixation of large quantities of quartzo-feldspathic materiaI.

It is clear that the described division into four pegmatite groups
is artificial, and that in fact the genesis of pegmatites during the Ketilidian
period was a more or less continuous phenomenon.

Discussion and conc1usions concerning the Ketilidian
migmatisation and pegmatitisation

I t has been shown that the rock series on the peninsula situated
between Sarqå and Tasermiut fjords was subjected to a migmatisation
which acted differently upon the various formations. The schists contain
the largest proportion of pegmatite veins and are thus the most strongly
migmatised, while the overlying quartzites and volcanics and the basal
gneisses contain only a minor quantity of quartzo-feldspathic veins.

The fact that the schists belonging to the low-amphibolite facies of
metamorphism are more migmatised than the low-granulite facies gneis
ses can be partly explained by a difference in compactness between the
rocks. The more homogeneous and massive gneiss contains fewer frac
ture- and shear-planes able to give birth to the acid veins.

However, an additional explanatory theory has been given by
RAMBERG (1951) based on numerous observations and rock-analyses in
other parts of western Greenland. The granulite facies gneisses probably
belong to the top of the zone of degranitisation which must exist as
compensation for the granitisation zone. This might mean that part of
the pegmatite material (especially the elements Si, K and Na) forming
the migmatite veins in the schists was "squeezed" out of the underlying
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gneisses. In the Nanortalik region this theory is confirmed by the fact
that all the replacement granites are partially forme d in amphibolite
and epidote-amphibolite facies rocks (see folIowing chapters), and not
from the underlying gneisses or gneissic schists.

From the relations between pegmatitisation and folding during the
Ketilidian period, the folIowing conc1usion can be drawn concerning the
times of maximum migmatisation: the migmatisation started after the
first folding period and reached a maximum during the second Ketilidian
folding period. This fact explains partly the more plastic style of de
formation of the second folding.

A second, but minor maximum of migmatisation was reached in the
area towards the end of the third Ketilidian folding period, when numer
ous large pegmatites were emplaced along shear-planes and fracture- or
fauIt-planes.

It has been established that at least four different generations of
pegmatite veins grew during the Ketilidian period. The various composi
tions of these veins indicate that the migmatisation started with an
enrichment of the rocks in quartz and acid plagioclase, and that it
continued, during the third folding-period with a large-scale microclini
sation. As stated previously, this succession can be explained by the
fact that Na is more mobile and migrates faster than K.

Throughout the whole of the Nanortalik area the migmatite front
reached the top of the schist formation and went locally even higher
within the quartzites and volcanic rocks. It was however generally stop
ped by the quartzitic rocks overlying the schist unit.



VII. THE KETILIDIAN GRANODIORITES

Localisation and structural relation to the host-rock

Several relatively small granodiorite outcrops of Ketilidian age have
been observed in the central and SW part of the area (see geological
map on plate 5). Only the principal occurrences were mapped.

The Ketilidian granodiorites are characterised by a gneissic struc
ture and by the presence of numerous inclusions of schist and gneiss.
The granodiorites are commonly lens-shaped, the contacts on a large
scale always being concordant with the foliation of the enclosing rocks.
The same is true of the inc1usions. The contact between granodiorite
and country-rock is in most cases very sharp, without gradation. an a
large and small scale the granodiorites appear to have been folded to
a certain extent together with the host-rock. This proves their Ketili
dian age.

The most important occurrence of synkinematic granodiorite was
noted S of Qagdlua mountain, where it fills the core of a large anticline
(Plate 4A). It is limited on all sides by a concordant bed of dark biotite
schists belonging to the base of stratigraphic unit I I. The general shape
of the gneissic granodiorite body suggests that it was folded together with
the enclosing schists during the second and third Ketilidian folding
periods (see geological map on plate 6). This is confirmed on a small
scale by the structural concordance between folded inclusions and simi
larly folded granodioritic material. The Qagdlua core-granodiorite con
tains many amphibolitic inclusions often forming layers which can be
traced for several hundred meters. These layers lie parallel to the contacts
and accurately follow the shape of the antic1ine. Near the top of Qagdlua
mountain, the granodiorite also contains several large inclusions of
garnet gneiss.

Composition, structure and texture

Structure: Generally fine- to medium-grained; often gneissic.

Texture : Predominantly granoblastic, with plagioc1ase porphyro
blasts; locally grano-Iepidoblastic. Interlobate textures
are common.
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T ab l e 5. Chemical composition in weight 0J0 of one sample of grano
diorite and one sample of microcline-granite A.

Granodiorite Microcline-granite A

G. G. U. Nos. 51640 51689
Si02 •••••••••••••••••••••••• 70,88 68,84
Ti0 2 0,13 0,75
AI 20. 16,15 13,47
Fe20. . . . . . . . . . . . . . . . . . . . . . . . 0,28 0,54
FeO 1,42 3,62
MnO . . . . . . . . . . . . . . . . . . . . . . . . 0,06 0,03
MgO . . . . . . . . . . . . . . . . . . . . . . . . 0,29 0,62
CaO 3,12 1,88
Na20 5,0 3,0
K 20 2,2 6,0
P20. .. . . . . . . . . . . . . . . .. . . . . . . 0,07 0,24
CO 2 • • • • • • • • • • • • • • • • • • • • • • • • • 0,00 0,00
H20 + , 0_,2_8

1
0_,5_8 _

Sum . . . . . . . . . . . . . . . . . . 99,88 99,57

Principal minerals: Quartz (15-30 vol. 0J0); albite-oligoclase (An
4-15 0J0), forms 30 to 35 vol. 0J0 of the rock; microcline
(10 to 15 vol. 0J0 of the rock); biotite.

Accessory minerals: Hornblende, muscovite, apatite, zircon, sphene,
ore, allanite.

Alteration minerals: Sericite, vermiculite, epidote, chlorite.

Albite-oligoclase and microcline locally form coarse diablastic inter
growths. Mesoperthite was noted in a few places. The microcline generally
forms interstitial crystals corroding most of the other minerals. Here
and there lepidoblastic aggregates of biotite alternate with granoblastic
or interlobate oligoclase-quartz masses. The biotite is pleochroic with
X = pure yellow and Y = Z = dark brown to opaque.

One sample of the granodiorite situated S of Qagdlua mountain was
chemically analysed in the G.G. U. laboratories by B. L BORGEN. This
analysis, compared with those of post-Ketilidian granites, shows c1early
the more sodic and calcic composition of the granodiorite (see table 5).

Genetic considerations and conc1usions

It has been shown that the granodiorites are characterised by the
folIowing properties :

1) The contacts are always concordant.
2) The inclusions are undisturbed compared to the host-rock.
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3) The structure is often gneissic.

4) The composition is more sodic and calcic than that of later
granites.

5) The granodiorite bodies were folded together with the enclosing
rocks during the second and third Ketilidian folding periods.

These observations lead to the conc1usion that the granodiorites
were formed essentiaIly by replacement of gneisses and schists during
the second Ketilidian period of deformation. The composition shows that
they are mainlya result of quartzo-albitisation and that they were only
slightly affected by the late-Ketilidian microclinisation.

The assumption that the granodiorites were formed essentiaIly by
replacement is confirmed when studying in detail the Qagdlua co re
granodiorite. As has been shown, this granodiorite body is surrounded
concordantly by dark schists belonging to the base of unit II. Moreover,
it contains inc1usions of amphibolite and garnet gneiss which are both
characteristic of the upper part of unit I (see chapter II). It appears
therefore logical to assume that the granodiorite core was formed by
replacement of the rocks belonging to the upper part of unit I and that
the granodioritisation was stopped by the anticlinical arch formed by
the overlying biotite schists. As mentioned in chapter III, this anticline
was formed during the first Ketilidian folding period, and was refolded
later, after or during the granodioritisation.

It seems probable that the quartzo-albitisation which was the
cause of the Ketilidian granodiorites was also responsibIe for the numer
ous second-generation pegmatites (chapter VI).



VIII. THE FIRST SANERUTIAN GRANITE
(GRANITE A)

General character

The first Sanerutian granite presents itself in fresh outcrops as a
light grey to grey-blue rock. It is medium- to coarse-grained and slightly
porphyroblastic with microeline metacrysts. The length of these meta
crysts varies from 0.2 to 1 cm.

Granite A is moreover characterised by the presence of a multitude
of xenoliths which are in most cases between 5 and 50 cm long. How
ever, very large "inc1usions", up to several hundred meters long, ean
also be observed in places. All the inc1usions have in most cases a com
mon orientation.

Localisation

Granite A forms most of the higher parts of the Nanortalik penin
sula. The Arpatsivip-qaqa, Pisigsip-qaqa, Aniggup qaqa and Quvners
suaq mountains are all made of this granite (see geological map on plate
V). In the NE of the area granite A also forms the highest part of a
mountain chain. It is here underlain by younger granites. N of Aniggup
qaqa it occurs as relatively small isolated outcrops in the schists and
quartzites.

Relative age determination

The post-Ketilidian and probably early-Sanerutian age of granite A
is established by the folIowing facts:

1) The granite cuts and replaces all the Ketilidian pegmatites, in
cluding the large late-Ketilidian P 4 pegmatites. This ean for instance
be seen in the area around lake 430 m, where large fourth-generation peg
matites have recrystallised as granite.

2) The first generation of metadolerite dykes is partly granitised
in the border zone of granite A near lake 560 m.

3) A second generation of metadolerites transects the granite (see
details in chapter IX).



IX Defol'mation and granitisation of Kelilidian rocks

900m.

65

, -,, ,
- ,- , ,

- 1_

Fig. 24. iew of the SIV waJ1 of lhe rid""e helo\y the uJrlmiL of Quvnel'ssuaq moun
laiu. The granite A, forming the Lop of lhe riclge, ronLains reli 'Ls of 'chisls hent in

a J'ecumhent fold.

4) The granile does not appeal' to han been deformed dming the
Ketilidian oroO'eny. It 10eaIJy eontains rcl ieL of folded sehi t layer's
howing thaL the fOI'mation af granite A took plaee arter the deformation

of the sehi 'ls (fig. 24).

Mineral composition, structure, texture

SLrueLure: Generally granular, medium- to eoar c-grained; in the
con Laet zones and in agrnaliLes often fine-grained. Loeal
ly, gneissie Ol' nebulitie sLI'ucLures ean be obscrved. Ag
matites are common in the barders heLween granite and
voleanies. A multitudc af inc1usions aften givc the granite,
at first sight, a foliaLed a peet. This i. in faet not true.
The foliation exisls only in the xenolilh and i totally
absent in the oTaniLe materia1. Only a slight lineation,
due to a preferred orientation of feldspar erystals, exisLs
in some places in Lhe granite. The foliaLion of the large

172 5
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inclusions corresponds in most cases to the bedding or
stratification. Most of the xenoliths occur as elongated
bodies varying in size between a few centimeters and
several meters. The elongation is mostly parallel with
the foliation.

Texture : Generally granoblastic to slightly porphyroblastic with
microcline metacrysts varying in diameter from a few
millimeters to one centimeter. Near the contact with the
host-rock grano-Iepidoblastic aggregates of biotite with
quartz and feldspar can be seen. The texture of the in
c1usions is lepidoblastic in the schists and nematoblastic
in the basic rocks.

Principal minerals: Quartz (15-30 vol. %), microcline (30-50 vol. Ofo),
albite-oligoc1ase (An 5-12 Ofo; 10 to 15 vol. %), biotite
(18 to 25 vol. Ofo).

Accessory minerals: Andesine, hornblende, zoisite, epidote, sphene,
apatite, rutile, allanite, zircon, muscovite, diopside, ore.

Alteration minerals: Sericite, chlorite, epidote, vermiculite.

Microc1ine is generally strongly microperthitic (vein perthite). It
forms most of the porphyroblasts. However, porphyroblasts of quartz
and albite also occur locally. The difference in size between the large
and the smaller crystals is generally slight. I t is not strictly true to speak
of a ground-mass. Micrographic intergrowths of quartz and microcline
are frequent. Myrmekite assemblages of quartz and plagioc1ase are com
mon along the contacts between microc1ine and albite-oligoclase. The
large microc1ine porphyroblasts are in most cases strongly poikilitic,
containing a multitude of inc1usions of plagioc1ase, quartz and biotite.
Biotite is pleochroic with X = pure yellow and Y = Z = very dark brown.

The composition of the granite is remarkable constant. Only slight
variations have been observed. Near the contact with basic volcanic
rocks, the content in quartz and microcline is a littIe lower than the
average value, while near quartzitic rocks the granite is, to a small
extent, richer in quartz. Andesine is present near most contacts.

In the NE part of the area, near the summit of Arpatsivip, granite
A seems to be more homogeneous and contains less inc1usions than else
where. It is here also slightly richer in quartz and microcline (microcline
can form up to 55 vol. Ofo of the rock). The granitisation has reached
its maximum in this small area.

In several places large basic to ultra-basic masses are found within
the granite, for instance in the region N of lake 560 m. These basic
bodies differ from normal volcanic rock inc1usions by their absence of
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foliation or banding and by the faet that their contacts with the granite
are transitional. Moreover, characteristic volcanic structures are absent
in these bodies. Their composition is rather homogeneous. The principal
constituents are: hornblende, epidote, zoisite and oligoclase. Microcline
and quartz occur locally as isolated poikilitic porphyroblasts surrounded
by the ultrabasic material. Iron oxides are abundant in these rocks.
In some places (N of lake 560 m), the basic bodies possess a broad
marginal zone formed by an epidote-rich granite. This granite is characte
rised by its red and green colour due to iron oxides and epidote and it
forms a transition between the normal granite and the basic mass.

It seems possibIe that these basic to ultrabasic bodies represent a
"basic behind", in which calcic and ferric minerals were concentrated
during the granitisation of the volcanic rocks and schists. Another possi
bility is that they may be metamorphosed intrusive ultrabasic plugs.
This last hypothesis is however questionable, as nowhere in the area,
outside the granite, were such large ultrabasic bodies found.

Chemical composition

Six representative samples of granite A were chemically analysed by
B. I. BORGEN in the laboratories of G. G. U. in Copenhagen. Table 6 gives
the results of these analyses, arranged in order of increasing silica content.

Nos. 4 and 10 represent granite samples which were taken in the
neighbourhood of volcanic rocks, while sample No. 9 was taken near

Table 6. Chemical compositions in weight % of six samples from
granite A.

Nos. on map fig. 28 I 4 1
10 I 5 I 6 I 9 I 7

G. G. U. Nos.. . . . . . . . 51669 51677 51686 51688 51678 I 51689

SiO•................ 67,53 67,63 67,67 67,87
I

68,82 68,84
TiO•................ 0,84 0,79 0,78 0,74 0,70 0,75
AI.O•............... 14,42 14,45 13,79 13,92 14,14 13,47
Fe.O•............... 0,52 0,49 0,73 0,70 0,55 0,54
FeO ................ 4,54 4,28 4,53 3,78 3,81 3,62
MnO ............... 0,06 0,05 0,05 0,03 0,06 0,03
MgO o •••••••••••••• 1,16 1,11 1,20 1,01 1,02 0,62
CaO ................ 2,47 2,56 2,52 2,56 2,46 1,88
Na.O ............... 2,90 3,3 3,2 3,3 3,3 3,0
K.O ................ 4,8 4,2 4,5 4,3 4,0 6,0
p.Os ............... 0,30 0,26 0,26 0,24 0,24 0,24
CO•................ 0,00 0,00 0,00 0,00 0,00 0,00
H.O+ .............. 0,24 0,48 0,58 1,27 0,50 0,58

Sum ................ 99,78 99,60 I
99,81 I 99,72 99,60 99,57

5*
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the contact with quartzitic schists. Samples No. 5 and 6 represent a
granite far from any contact. Finally, No. 7 gives the composition of
the granite where it appears most homogeneous and contains least in
c1usions (see map fig. 28).

It is remarkable to see how littIe the composition varies from one
point to another in granite A. This seems particularly curious, as the
granite has been formed by metasomatic replacement of rocks of very
different composition. Only slight variations in chemical composition
appear in table 6:

1) The granite probably formed by replacement of basic volcanic
rocks (Nos. 4, 10, 5 and 6) contains less Si02 and more FeO + Fe20 S'

Al20 s and Ti0 2 than that resulting from granitisation of quartzitic
schists (sample No. 9).

2) The samples taken near the contact with volcanic rocks (Nos. 4
and 10) are a littIe poorer in Si02 and slightly richer in Al20 s and Ti02

than those taken farther away from the contact (Nos. 5 and 6).

3) Sample No. 7, representing probably a maximum of granitisation,
contains more Si02 and K20 and less CaO, AI20 s, Ti02 , MgO and FeO
than the other rock-samples.

These differences, though slight, show c1early that there exists a
relation between the composition of the granite and that of the replaced
rocks. The replacement of basic volcanic rocks gives a slightly more
basic granite than the replacement of quartzitic schists. It is possibIe
that the different parts of the granite tended towards the "ideal" compo
sition formed in sample No. 7.

Structural relations between ~ranite and country-rock

On a large scale, the first post- Ketilidian granite appears to be in
some parts concordant with and in others discordant to the country-rock
(see geological map on plate 5). However, when the contacts are care
fully examined, frankly discordant borders can nowhere be seen. The
apparent large-scale discordances are made up of wedge-like, aIternating
layers of granite and host-rock, whilst the borders of the granite "wedges"
are concordant or subconcordant with the stratification of the enc10sing
rock (plate 4 B). The "wedge" contacts can be observed particularly
in the central part of the area, in the border zone between granite A
and the volcanic and quartzitic rocks.

The first post-Ketilidian granite appears to form a huge concordant
sheet resting upon the pelitic schists (plate 4 B). The contacts between
granite and schists dip slightly inwards on the NW and SE borders.
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1085m. 900m

Fig. 25. Vie\\' frolIl lhe or lhe 1110lln lain bordering lake lt30 111. Granile (G)
lies conformabl' lIpon pelilic schists (. ), belonging to the base of unit III. Il con

lains a Jarge undi lurbed inclu ion of garnel schist ( g).

This is probably due to the dip af the 'chists, which form a broad NE
syncline in this part of the peninsula. The granite sheet is overJain in
the SW and "E by volcanic rocks. It contains a multitude of inclusions
varyingin size from a fevv cm to everal hundred m. The material of
which the inclusions are made is volcanie, quarlzitie Ol' sehi tose. r cal'
lakc 430 m, several very large inclu ions of garnet schist were observed
within the O'l'anite (fig. 25).

The inc1usion lie perfeclly parallel with each other and wilh the
stratification of the country-rock. As the granite-sheet lies here eoneor
dantly on pelitie schists whieh probably belong to the base of unit III,
it seems that the granite was formed by par·tial replacement of the garnet
schists that normally form the upper paTt of unit 111. The granitisation
was ineomplete and has left Lhe inc1usions as unmoved remnants of the
original rock.

Similar obsen'ations \VeJ'e made more to the :-l in the ar'ea 'itualed
betwecn the Arpat'ivip-qaqa and Pisigsip-qaqu mounlains, where very
large outcrops of volcanic l'ocks occur surrounded by granite A. By
measuring the strike and dip of foliation-planes in the difTerent large
and small inc1usions of volcnni rock, the structures, \-"hich must have
ex isted befare the partial granitisation look place, have been reeonstructed.
These truetures show a syncline and an anticlinewith NvVtrcmling axes
(fias. 2(1, 27, 28). They were probably formed during the 'ccond (NW)
Ketilidian folding period (chapter' I II).
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Fig. 26. Two schematic sections across granite A in the area _ of Pisigsip-qaqå
mountain. The incllldod rolicts of volcanics and quartzites show tha original structure

before the granitisation. The trace of the section is given on fig. 28.

The faet that all the various xenoliths observed form together a
well den nod structuro (fig. 27) indicatos that tho granitisation took plaee
after the folding and pracLically wiLhouL mechanical movement of the
rocks. IL also excludes any magmatic origin for the granite. The an ly
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Fig. 27. Slereogram of Lhe foliaLion poles of 39 large and smal! inclllsions of vol
canic rock in granite in the upper part of the ynclinal valley betwaon tha summits

985 and 875 m (see fig. 26). Tha Iowar hemisphere of Llle WulfT net is used.
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Fig. 28. Ceological map of the central parl of thc ~anortalik penin ula, showing
gl'anitc A and the direclions of lhe foliation found in the inc1usions. ::\05. 1 lo 10
corre pond to samples takcn for chemical analysis. ,'cction A and B cOI'respond

lo lhose on fig. 26.

place where some movement occurred during the replacement is siLuated
in a small area directly SW 0[' lake 205 m, whore the random orientation
of the inc1usions show thaI, Lhe granite \Vas mobile at a certain period.
Otherwise, all tho measlll'ed directions of xenolith-foliations follow a
dofJnite paltern, concordant with lhe tructure of tlte counlI'yrock. This
"foliation" of the granite was mapped in mosl of the zones lying ncar
the contacts with supracI'ustal rock . It is represented on the map ol'
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fig. 28 and clearly shows the concordance which exists between the folia
tion of the inclusions in the granite and that of the country-rock.

All the observations indicate that granite A was formed by meta
somatic replacement of large quantities of volcanic rocks and of minor
amounts of quartzitic and pelitic schists. It seems strange that the grani
tisation was stopped downwards, in most parts of the area, by the lower
pelitic shists. The quartzites and volcanics, which generally are more
resistent to the granitisation, are replaced, while the underlying schists
remain for the greater part unchanged. Of course, it is not impossible
that in its central part the granite massif invaded the schists to a much
greater depth.

Contact relations between schists and granite

It becomes even more evident that the granite A was formed by
metasomatic replacement when its contacts with the difIerent country
rocks are examined in detail.

In the vicinity of lake 430 m the borders between garnet schist and
granite are particularly well exposed. In a zone varying in width between
20 and 400 m, it can be observed how the schists, which are strongly
migmatitic, gradually recrystallise and get a more granitic aspect, and
finally pass into a granite.

The transition is gradual in places but also zones of practically
unchanged schists alternate with concordant zones in which the schist

Table 7. Chemical composition in weight % of one sample of granite A
and one sample of quartzitic schist. The samples were taken near their

common contact.

8 (schist)

51681

9 (granite)

51678

68,82
0,70

14,14
0,55
3,81
0,06
1,02
2,46
3,3
4,0
0,24
0,00
0,50

99,60

65,51
0,73

14,70
0,63
5,21
0,09
1,88
3,31
3,2
2,9
0,21
0,00
0,72

----1----------
99,09

SiU•........................ I
Tia•........................
AI.O•.......................
Fe.O•.......................
FeO .
MnO .
MgO .
CaO .
Na.O .
K.O .
p.a•........................
CO•.........................
H.O+ .

Sum .
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Fig. 29. DeLailcd geoJoCfical map showing the con tad 7.Onc bctween granite A (Gl
and gamet schi t ( ') W of lake lo30 Ill. g = "lighLly gl'aniLiscd . chi t.

is more ar less granitised. The eontaet between these zones i, generally
sharp. \i\ hen Lhe granite is approached, it ean be seen hO\: the graniti
saLion increasesin inLensity and how the granitised zones become larger
and more numerous, and fInally give way to a more Ol' less homogeneous
granite in whieh only small inc1usions of sehist aecur (fig. 29).

Looking in deLail aL the more and less gr'anitised part of the migma
titie sehists, it ean be seen that the principal elreet of the granitisation
i a rather coarse recrystallisation Lending to homogenise the miamati Lie
chist: feldspar and quartz mcLacrysts grow within the dark bioLite-rieh

parts af the schist, ",hile biolile develops in the leueocratic veins (plate 1).
On Lhe other hand, Lhe '('hi tose, ungraniti, ed rernains, which form con
cordant len e , become smaller near'er Lhe graniLe and appeal' to be en
riched in basic miner'als.

All Lhe Kelilidian pecrmatites situated in tlte garnet ehi 'Ls are
gradually r 'c1'ystalli 'ed and changed into granite A, whieh clearly show
the post-Ketilidian aac of tho gl'anite. These ob ervations also inuicate
that granite A is nol, a di/'eeL re ulL of KetiJidian miarnatisaLion, but
is due Lo a JaLer reactivation af the migmatitic schi 'L", The reactivation
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T ab l e 8. Average values of the mineral compositions in vol. % of
three garnet schist samples and three granite A samples. (The samples

were taken near one another in the area W of lake 430 m).

G. G. U. Nos.

Quartz o •••••••••••••

Microcline o ••••••••••••••••••

Plagioclase (An 5-15 010) .
Biotite .
Garnet .
Muscovitejchlorite .
Access. minerals .

63611, 63609,
63641. (Schist)

28
15
21
19
6
6
5

63614, 63613,
63643. (Granite)

23
41
12
20

4

was accompanied by a slight enrichment in Si and K and a loss of Ca,
Fe and Mg, as proved by the folIowing chemical analyses and evaluations
of mineral contents:

1) B. I. BORGEN has analysed representative samples of the rocks
across the contact between granite A and quartzitic schist, N of lake
480 m. The results of these analyses are given in table 7. The correspond
ing numbers on the map of fig. 28 show where the samples were taken.

2) Three samples of granite A and three samples of garnet schist,
taken near each other W of lake 430 m, were examined under the micro
scope. Their mineral composition was evaluated by point-counting and
with the help of transparent networks superposed on detailed photographs
of the rocks. In the composition of the schist are included the numerous
pegmatite veins. The average composition of the three granite-samples
is compared in table 8 with that of three schist samples.

Both tables, although representing different contacts, show that the
granitisation was accompanied by an enrichment in K and, to a less
degree, in Si. This was compensated by a loss in Ca, Mg and Fe. The
content of Na seems to have remained more or less the same, because
the microcIine of the granite is strongly microperthitic and contains a
relatively high amount of Na. From a mineralogical point of view, the
granitisation appears to have been essentiaIly a microclinisation.

The details of replacement and recrystallisation have been studied
in 6 samples, which were taken close to the contact between granite
and garnet-schist near lake 430 m. These samples represent three different
stages of granitisation. The detailed map on fig. 29 shows their location.

The folIowing pages describe successively each sample: (each stage
af granitisation is illustrated separately in fig. 30).
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Fig. 30. Three tages of gr'aniLisation or garnet schists. The map on flg. 29 shows
",here the samples were taken. Q= quartz, 1- microcline, Ab = albite-oligocla c,
Ad = andcsinc, B = biotite, P = pyroxene, G = gamet, C = chloritc. For further ex-

planations ee tex L.
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Sample No. I A (G. G. U. No. 63651): This sample represents the
relatively unchanged garnet schist at a considerable distanc e from the
contact. It is principally composed of grano-Iepidoblastic aggregates of
quartz, albite-oligoclase and biotite. Garnet forms interstitial poikilo
blastic crystals.

Sample No. I B (G. G. U. No. 63652) represents the firs t zone of
granitisation, relatively far from the granite. The composition is charac
terised by the appearance of andesine (An 35 %) and microcline as
partial replacement products of albite-oligoclase, biotite and garnet.
Quartz has recrystallised into large metacrysts. Andesine contains many
inclusions of albite-oligoclase. Locally it appears to be pseudomorphous
after the latter. Micrographic intergrowths between microcline and
plagioclase are common.

Sample No. II A (G. G. U. No. 63639): This sample was taken
near the contact in a schist zone surrounded by granitic material. The
mineral composition shows that a slight basification of the rock took
place. Ar.desine appears in large poikilitic crystals corroding and repla
cing the albite-oligoclase and the quartz. Pyroxene (diopside) has prob
ably grown as pseudomorphs after garnet.

Sample No. II B (G. G. U. No. 63654): This represents a zone of
aIready homogeneous granite, close to the contact. The mineral assem
blage indicates a further microclinisation and acidification of the rock,
compared with sample I B. Microcline forms large phenoblasts invading
the rock and replacing most of the other minerals; it contains numerous,
often large inclusions, principally of plagioclase. A new albite, slightly
more acid than the albite-oligoclase of the schist (An 5-8 %) is present and
has partially to completely replaced the andesine.

Sample No. III A (G. G. U. No. 63653): This sample was taken
from a schist xenolith in the granite, relatively far from the contact.
The composition is still more basic than that of the schist zones near
the contact (Sample No. II A). Diopside is abundantly developed while
garnet has disappeared completely. A new generation of small biotite
flakes has grown, generally parallel to the pre-existing schistosity.
Quartz and plagioclase have also recrystallised to fine-grained grano
blastic aggregates. They form only a small percentage of the rock.

Sample No. III B (G. G. U. No. 63613): This represents granite A,
relatively far from the contact. Microcline forms here large crystals.
Andesine has completely disappeared, making room for albite. Biotite
has recrystallised to large flakes and quartz has recrystallised to large
xenoblasts.



IX DeIOt'rnalion and O'l'aniLisaLion of Ketilidian rock 77

Fig. 31. ~~ \\. wall of Quvner uaq IIlOuntain. Granitc A (G), conLaining large
indusion of volcanic rock (V), overlirs C'onforrnabJy Lhe quarLzilic 'hi 'l' (Q).

JaLer' microO'r'aniLc shccL (mG) follolYs more Ol' Jess lhe con Laet.

ummarisin rr the e observations, the graniLisation of the garnet
sehist ean be divided into three main stages:

1) Di appearance of garnet; growth of andesine partially at the
expense of albite-oligoclase. Formation of microcline.

2) Expansion of microcline, partially replacing the oLher mineral ;
appearance of new albite, partially replacing the andesine.

3) FurLher expansion of microcline. Disappearance of andesine.
Formation of albite; recrystallisation of bioti I,e and quartz into large
flukes.

Each of these sLages is accompanied by a higher degree of ba ific
tion of the ehist remnant ,

The birth of ande ine during stage 1 is probably due to the libera
tion of Ca by dcsLI'ucLion of garnet.

Contact relations between vo1canic rocks and granite A

The contact relations beLween volcanic rock and gruni Le A al o
sho"" that the granite wa formed by replacemenL without important
mechanical movement. This ean for instance be seen in the r ·V·l wall
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Fig. 32. Srnall-scale agrnalile on tlle con Laet belween gT'anile A and voleani "oeks.
Contact zone SW of lake 560 m (see geological map on plate 6).

of Lhe Quvners'uaq mounLain ridge, where Lhe granile lies concordanLly
on quartzitic schisLs and contains many large inclu 'ion of volcanic
rocks (fig. 3'1). These inclusions have apparently not been rota Led and
may be remnants of the volcanic series which originally overlaid the
quartzitic schi ts.

1'he way in which the volcanics are replaced is difi'erent from the
rather gradual granitisation observed in the schists. The contacts between
granite and volcanic rock are always sharp and the granitisation pro
gresses by small- and large-scale agmaLitisalion (fig. 32),

Petrographic investigation of samples, found in the contactzone N
of lake 410 m, show that the granitic material in the agmatites is essen
tially composed of fine-grained aggregates of quartz, microcline and
plagioclase. The plagioclase is principally an aeidic andesine (An 30-35 Ofo).

The volcanic rocks neal' this contact are predominantly cornposed
of pillow-lavas. .A striking change in the aspect and compo ition of the
pillows ean be ob erved when approaching the conta t with granite A;
the pillow structure gradually disappear and the rock becomes finer
grained and compaet. The colour changes from dark green to brownish
yellow to light grey. The composition also varies: most of the hornblende
is replaced by biotiLe, while epidole gives way to diopside and andesine,
LocalJy small crystals of microciine grow between the other minerals.
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T ab l e 9. Chemical composition in weight 0J0 of three samples of pillow
lava taken near the contact with granite A. The analyses are numbered

according to decreasing distance from the contact.

Nos. on map fig. 28 I
G. G. U. nos .

1

51658

2

51691

3

51667

SiO. o ••••••••••••••• • 48,18 53,16 57,83
TiO. o •••••••••••••••• 1,13 0,91 1,04
AI.O. ................ 15,95 18,12 16,30
Fe.O•................ 0,83 0,89 0,41
FeO ................. 9,93 7,50 7,57
MnO ................. 0,22 0,13 0,04
MgO ................. 7,56 4,51 3,40
CaO ................. 11,31 6,91 4,93
Na.O ................ 1,5 3,0 2,7
K.O ................. 0,4 2,0 3,8
p.Os ................. 0,14 0,17 0,26
H.O+ ............... 1,36 2,14 0,78

Sum ................. 98,51 99,44 99,06

In order to investigate how the chemical composition changes from
pillow-Iavas to granite, 7 samples of lava and granite, taken at different
distances from the contact, were analysed in the G. G. U. laboratories.
The results of these analyses are partially given in tabel 9 (for the lava
samples). Analyses of the granite have aIready been given in table 6.

The analyses shown in table 9 give an idea about the chemical
variations affecting the basic rocks near their contact with granite A.
To compare these data with the analyses of granite samples, 7 chemical
compositions of lavas and granites are represented on a Harker variation
diagram (fig. 33). The map on fig. 28 shows the different localities where
the samples nos. 1-7 were taken.

The rock specimens nos. 1, 2 and 3 are pillow lavas sampled at
decreasing distances from the granite. No. 3 was taken at the contact
in an agmatite. Specimens nos. 4 to 7 represent granite A at increasing
distances from the contact. No.4 was taken only some meters from
no. 3, while a maximum of granitisation is reached in no. 7. All the
granite samples were probably formed by granitisation of lavas or other
volcanic rocks.

The diagram on fig. 33 shows that:

1) The chemical change in the lavas started aIready at some distance
from the granite contact by an enrichment in Si, K, Na and Al,
and by an impoverishment in most of the other composing elements,
particularly Ca and Mg.
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Fig. 33. A Harker variation diagram showing the differences in composition between
pillow-lava and granite A in the contact zone between the two rocks. Nos. 1-3
represent lavas, nos. "-7 were sampled in granites. The succession 1-7 corresponds

to an increasing degree of granitisation.

2) The principal difference in composition between "unchanged" and
completely granitised lavas is the increased content in K and Si,
and the loss of Ca, Fe and Mg.

3) The variations are gradual.



IX Deformation and granitisation of Ketilidian rocks 81

4) Once the granite was formed, the composition remained remarkably
constant. Only sample no. 7, representing a maximum of granitisa
tion, shows an important enrichment in K and Si, and a loss in Ca.
This means that most of the chemical variations occur within the
lavas.

5) The granitisation of large quantities of pillow-Iavas and other vol
canic rocks involves an important supply of Si, K and Na, and the
equally important removal of Ca, Fe, Mg, Mn and Al.

Genetic considerations and conc1usions

All the observations mentioned in the preceding pages show that the
first post-Ketilidian granite was formed mainly by metasomatic replace
ment, without important mechanical movement. The large-scale residual
structures found within the granite suggest, moreover, that no important
variations in volume occurred during the replacement. The granitisation
progressed in a selective way, preferentially replacing volcanic rocks
and quartzitic schists and leaving most of the underlying pelitic schists
unchanged. This preference explains the sheet-like shape of the granite
mass. No satisfactoryexplanation ean be given for the faet that the more
basic and compact volcanics were more easily granitised than the strongly
migmatitic pelitic schists.

It is possibIe that the migrating granitising elements were more
readily concentrated in the disturbed zone located between supra- and
infra-structure. The granitisation probably started there and progressed
further into the volcanic rocks folIowing tension joints and cracks which
must have existed in these brittIe rocks in early Sanerutian times. This
hypothesis could explain the preference shown by the granitisation for
the volcanic rocks. For it is known that the mica schists have a pronoun
ced tendency to yield to tensional stress by plastic flowage, while the
basic rocks are considerably more brittIe and compensate the tension
by jointing (RAMBERG 1956).

Petrographic observations show that the granitisation was essenti
ally a microclinisation, often accompanied by an enrichment in quartz
and, to a slight degree, in albite. A first stage of granitisation appears
to be characterised in most contact-zones by the crystallisation of ande
sine. But the andesine disappears when the granitisation is more pronoun
ced.Chemical analyses indicate that the replacement of large quantities
of basic rocks involves an important introduetion of Si, K and Na and
an equally important removal of Ca, Fe, Mg, Mn and Al.

172 6



Fig. 3!.. ltelicts of metado!erile enc!osed in fine-grained microc!ine granite. Gamet
schist formation neal' lake 430 ro and neal' lhe con laet wHh granite A.

IX. THE METADOLERITE DYKES

Localisation and relation to the host-rock

Metadolerite dykes are very caree in the Nanortalik area. They
were only observed in fivc places on the peninsula. The be t metadoleriLe
exposures ean be seen in the area between lake 430 ro and lake 560 m
(geological map an plate 6).

The relations between dykes and adjacent rocks uggest that there
are two generations, one inLruded before and one aftcT' the formation
of granite A.

The follo"ving observations characterise the first gen era Lian:

1) The direction af the dykes varies from E to TE.

2) They ure aften intersected and partially replaced by late-Ketilidian
pegmatites.

3) The dykes are slightly folde d in places.

4) In the neighbourhood of granite A the basic dyke material is for a
large part rcplaced by a fine-grained microcline-andesine granite,
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Fig. 35. econd generation metadolerite in granitc A (G) neal' lake 560 m. The dykc
contact transects inc1usions. Dyke and granile are deformed by Sanerulian shearing

and are cut by latcr micl'ogranile (mG).

identical to that formed in agmatitic contacLs between granite A
and volcanic rocks. The granitisation was selective; iL only replaced
the dykes, leaving the adjoining schist unchanged (fig. 34).

5) l\'ear the contact wiLh granite A the dyke is compJetely granitised
and disappears.

6) The metadoleritic material contains many microcline metacrysts.

The second generation of metadolerites is only repI'esented by
two dykes found in granite A on the . shore of lake 560 m. They show
the folIowing propertie :

1) The dykes are orienLed TW-SE, which is normal to Lhe direction
of the first-generation metadolerites.

2) The dyke contacts kan ecL the feldspar porphyrobla ts and inclu
sions of the granite (fig. 35).

3) The metadoleriLes are ungranitised and unfolded. Only locally do
6*
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shear planes, due to Sanerutian deformations, cut and slightly
deform the dykes together with the granite.

4) The dyke material is relatively fresh. Microcline metaerysts are
searee.

Unfortunately, no intersections between first- and second-generation
dykes were observed. However, even without this confirmation, the
differences between the two groups are so obvious that their simultaneous
intrusion seems impossible.

Composition

The metadolerites are essentially composed of andesine (An 40 to
55 010), hornblende and biotite. Relict ophitic texture is generally clearly
defined by subhedral-euhedral laths of plagioclase. Pyroxene is scarce,
only appearing as relic grains surrounded by hornblende. Microcline and
quartz occur accessorily and form small granoblastic aggregates corroding
the plagioc1ase and the hornblende. In the first-generation dykes micro
eline often forms poikiloblasts containing relicts of andesine. Late albite
oligoclase locally replaees the andesine, apparently without change of
the crystal shape. Hornblende is partially altered to biotite, epidote and
ore. Sphene, leucoxene and apatite form a minor part of the rock.



x. THE SECOND SANERUTIAN GRANITE
(GRANITE B)

General character

The most noticeable feature of the second Sanerutian granite is the
common occurrence of feldspar metacrysts. These crystals are irregularly
distributed but generally form between 40 and 65 vol. Ofo of the rock
and give the granite a very coarse-grained aspect. The length of the
feldspar crystals varies from 5 mm to 15 cm. Many of the large mega
crysts possess a coarse perthitic texture which gives schiller effects in
hand-specimen. The weathered surface of granite B displays a typical
dark reddish-brown colour.

These main features are very similar to those of the Frederiksdal
and Sydprøven "New granites", as described by WEGMANN (1938) and
BRIDGWATER (1963).

Localisation

Granite B occurs in two areas along Tasermiut fjord: In the region
of Aniggoq mountain and, more to the NE, in the Arpatsivip-qaqå
mountain range (geological map on plate 5). It seems likely that both
occurrences are connected with the large "new granite" massif, found
on the SE side of Tasermiut fjord (WALLIS 1962).

In the Arpatsivip-qaqå mountains granite B locally forms large
concordant sheets between older granite and volcanic rocks.

Relative age determination

The lack in basic dykes makes it necessary to establish the age of
granite B by means of its contact relations with the other granites.

N of Aniggoq mountain granite B replaces in parts granite A;
large megacrysts grow separately or in groups within the older granite.
Moreover, several inclusions of granite A are situated in the coarsely
porphyroblastic granite. On the other hand, granite B is intruded and
replaced by the fine-grained granite C, as can be observed in the NE
part of our area.
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These facts show that granite B must have been formed during the
Sanerutian, after the emplacement of granite A and before the intrusion
of granite C.

Mineral composition, structure, texture

Structure: GeneraIly inequigranular, coarse- to very coarse-grained.

Texture: Predominantly porphyroblastic. The microcline pheno
blasts are often elliptically shaped. Exceptionally, they
may be surrounded by a mantIe of plagioclase, giving
the rock a rapakivi texture (SEDERHOLM 1928, ESKOLA
1928). Most of the microcline megacrysts are strongly
poikilitic and often show concentric zones of inc1usions.

Principal minerals: Microcline (35 to 65 vol. % of the rock), albite
oligoc1ase (10 to 15 % An), quartz, biotite, green horn
blende.

Accessory minerals: Apatite, allanite, zircon, ore.

Alteration minerals: Chlorite, sericite, epidote.

Microcline forms most of the megacrysts. l ts crystal shape ean be
tabular, subrounded or ellipsoidal. Microc1ine is strongly perthitic, often
coarsely so; it appears to be considerably more perthitic than the micro
cline of the earlier granite A. According to MARMo (1962), the higher
content in albite-perthite in younger microcline-granites is a general rule
in Finland. Several of the large microeline crystals display irregular con
centric zones of inclusions of biotite, plagioc1ase and quartz. These zones
may correspond to succesive growth periods.

Many microc1ines possess lighter coloured margins due to a higher
content in albite-perthite. Typical rapakivi texture, characterised by
zones of plagioc1ase mantling the porphyroblasts, was seen in two places
in the Aniggoq granite. WEGMANN'S remark that the rapakivi structure
is restricted to "those parts of the granite massifs in which inc1usions
are present as also where they are about to disappear", could not be
confirmed in the Nanortalik area. Both occurrences of rapakivi texture
were found in inclusion-poor parts of the granite.

Albite-oligoclase occasionally forms small porphyroblasts. The
matrix of the rock is formed of granoblastic aggregates of plagioclase,
quartz, biotite and hornblende. Quartz occurs mainlyas anhedral inter
stitial grains. Hornblende and plagioc1ase are mostly poikilitic.

The general aspect of the different minerals suggests, in the majo
rity of cases, a formation by recrystallisation and partial replacement
of earlier minerals. This is proved for instance by the common orientation
of small grouped inc1usions, showing that they were not moved and are
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all relics of the same pre-exiLing crystal. This phenomenon is particularly
evident in the large microcline poikiloblasts (fig. 36). Plagioclase inclu
sion in microcJine generally pos e an albiLic rim.

The composition of the granite i not constant, tho main variable
being tho amount of potash feldspar; near tho contacts with b-rrsic vol·
canic rocks the granite contains less microcline Lhan neal' the borders
,vith other granites Ol' quartziLe .

Fig. 36. lnclusion or albite-oligocJase (Ab) and biolile (B) in a Jarg-e mil:/'oc!ino
crystal (Yl). It is evident that Lhe plagioclase parLially rOJ laced t1le bioLite, whilst
the Jate microcline grew at t1le exponse of both Lhe plagioclase and bio ti te. The
clear rim around LIlO inclusion is formod by albite. Granito B neal' niggoq mouIl-

Lain. ,lide :\0. 63627.

Relations between granite and country-rock

In the Arpat ivlp-qaqå mountain range granite B form a huO'e con
cordant heet between volcanic rocks and quartzite . Its contacts are
mostly parallel to Lhe foliation af the country rock. The coarsoly por
phyriLi granito contains thero several largo inc1usions of volcanic rocks
(particularly in the small :uea N of Jakc 55 m). These are all imilarJy
oriented concordantJy with the gencral trend of tho adjoining vo1canic
rock layers. The inclusions do not seem to have been rotated Ol' moved.
In thc Arpatsivip area most af the contacts between granite B and the
vo1canic Ol' quartzi Lie rocks are transiLional: neal' the contacts with Lhe
granite tho supracrustal rocks show an incl'easing content in potash
feldspar porphyrobla ts which grow separately Ol' in groups (fig. 37).
This progre sive impregnation by feldspar mega rysts .is aften accompa
nied by small-scaJe agmatisation.

10re Lo the S in the A niggoq area, Lhe relations between granite B
and host-rock are for the maj Ol' part quite difTercnt: the granite appears
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Fig. 37. Replucement of volcanic ro k by grunile B: The feld par metacry ts have
grown separatcly Ol' irl group \\"ithin the volcanic maleria!. 'mall-scale agmatisa
t jon is vi iblc in Lhe lower left-corner of the phologr'aph. Granite contact neal' lake

555 lTl, Arpatsivip-qaqa area.

to have intruded the quartzites and schists partly along pre-existing
joints and faults. Most of the contacts are sharp and di cordant to the
foliation of the enclosing rock. 1oreover, several xenolith oriented al,
random in tho aranite ugge t thaI, the latter wa mobile at a ertain
time.

In Lhe Aniggoq al'ea numerous small discordant veins of granite B
can be seen within ihe quar'tzites (fig. 38). The pre ence of moved in
clusions in these ve in suggests an intru ive origi n.

Occasionally, the harp di cordant granite contacts are ma ked by
the developmenL of microcline megacry ,ts in the country rock. these
megacrysts are identical to Lho e present in the granite, it eems probable
that this phenomenon is due to laLe potash meta omatism accompany
ing the recrystallisation of granite B.

Genetic considerations, conc1usions

The observations related in thi chapter suggest that granite B wa
originally intruded as a melL in a restricted area and that jt expanded
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Fig. 38. Discol'dant yein of gl'anitc B in quartzite. mall island in 'ra ermiut fjord
neal' Aniggoq mountain.

from there by metasomalie rcplacement of the country rock. This
expansion must have been important and was accompanied by a com
plete recrystallisaLion Ol' "reacLivation" of the granite. The present
eoar ely porphyroblasLic LcxLu I'e was probably aresult of this Jate re
crystallisation.
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Fig. 39. View of the 'vY wall of summit 1125 m in the Arpatsivlp-qaqå mountain
range, showing a huge sheel of gran iLe C (Gc) lying between older granite A (Ga)
and volcanic rocks (V). 'I'he whole structure is transected by numerous Gal'dal'

bmprophyre sheets (L).

Xl. fHE TI-IIRD SANERUTIA J GRA IlTE

(GRA ITE C)

General character

Granite C appears in fresh outerops as a very homogeneous light
grey rock. It is distinetly more eompaet and less altered than the earlier
Sanerutian granites. 1'he main granite bady presents a porphyroblastie
texture with relatively small feldspar megacrysts (O. --2.0 cm long).
Tn dyke form graniLe C is charaeLerised by a fine grain whieh gives it the
aspeet of a microgranite. 1< eldspar megaerysts aceur accasianally in the
fine-grained materia! af the dykes. 1'he radiaaetivity of granite C is gener
ally two to three times higher than that af the earlier granites.
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Fig. 40. LighL-coloured vcins of microgranile C in lilc volcanic rock bo['(.Iel'ing
the, . ide or lake 410 m.

Localisation

The third anerutian gl'Unite O eUfS mainly in the Arpatsivip area,
where it forms sevcral mountains (see (reological map an plate S). Tt
appears to have intruded the older' granites, quartzites, and voleanic
rocks. In the mo ,t NE pal't af the area granite C forms huge, apparently
intrusive sheets between alder aranites and voleanie rocks. These heets,
often lying parallel with the foliation of the voleanie rocks, reach up
to several hundred meter in width (flg. 39).

More to the S, in the central part of the NanortaJik pen in. ula, a
multi tude af dykes, sheets and veins of granite C transect the supra
erustal eries. They ean often be traeed fof' several kilometers. Their'
thiekne s varies from 5 cm to 80 m. The veins af granite C are partieularly
con pieuous in thc dal'k voleanie rocks, in whieh they aften appeal' a
an intricatc netwol'1{ fol1owing pre-cxisling shear planes and joint (fig.
40). They also often follow the limil between the car'lier granite A and
Lhe overlying voleanie rocks.

Relative age determination

Granite C intrude and transects most of the other rocks. The eon
taet behyeen this granite and granitc B ob iously cut thc feld par
meaaerysts of Lhe latter (fig. 41). :\loreover, granite C contains everal
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Fig. 41. Contact between tha light coloured granite C and tlte coarsely porphyro
blastic gl'anita l:l neal' 'l'asel'miuL fjord in the Arpat ivlp-qaqå mountain area. Thc

con Lact clearly tl'ansecLs the feldspaT' megacT'ysl·.

inelu ions af the eoar ely porphyroblastic granite B in variou stage of
as imilation. As show n in f10'. 39, granite C is transected by many eal'1y
Gardar lamprophyre dyke'.

These observations give granite C a laLe Sanerutian age.

Mineral composition, structure, texture

Structure: In the main granite body, as in thiek sheets and dykes,
the trueture is gcncrally inequigranular, medium- Lo
coarse-grained. In the bOJ'ders, as in relativcly thin veins
and dykes, ihe O'ranite is on the other side mo 't1y equi
granular fine-grained. An inten. e mafic layerin r, ean
locally be obscrved in the sheet (fig. 42). Thi luyel'ing
is in mosL cases quitc diseordant to the foliation af Lhe
country rock and ean Lherefore not rcprosent any gho t
stratigraphy. IL appcurs to be very similar to the J'hyL
mie layering observed by HARRY and EMELEUS (1960)
in the Tigssaluk gJ'aniLe shecLs, SW Greenland. These
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Fig. 42. l\.Jafl . layel'ing in a microgranite sheet, in Lhe Ar'pal.si vil -qåqa moun lain area.

authors a cribed the layering to the uccumulation af dark
minerals during the crystallisation af a granitic magma.

Texture : AlthouO'h most af the macroscopic characters sugge L thaL
gmnite C wa formed by intru 'ion und CI'y talli ation af
a granitic magma, nowhere have really igneous texture .
been een: most af the ct'ystals are more Ol' less poikilo
bIa tic and contain inc:1usions of one another. Apart from
the microcl ine porphyroblasts, most of the minerals
appeal' to have been forrned more Ol' less simultaneously
by recrystullisation. The mieroc1ine megacl'ysts are prob
ably the resu l t of a still later reery tallisation . l n the
main granite body as in the thirk dyke and heets, the
texture i predominanLly porphyrobla tic. In the thinner
yeins it is generally fine-grained O'ranobla 'Lir, and aften
interlobate.

Principal minerals: ~1icrocline (40 to 60 vol. Ofo of the ro k), quartz,
orthoclase (in the graundmass), albite-oJigoclase, biotite.

Ac es.ory minef'Olls: Allanite, zircon, hornblende, musrovit, apatite
and ore.

A1tel'ation minerals: Ser'icite, chlorite.
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All the large porphyrobla 'ts urc formed of a strongly perthitic
microcline, which presents in many cascs a simple Carlsbad twinning
and euhedral crystal faces. It generally contains numerous inclusions,
whieh are eommonly oriented in thc same direetion and made of the same
mater'jal, whieh shows that they are all reliets of the same mineral
(fig. 43). The replaeive character of the microcline is obvious in most
par'ts of the granite.

Smaller porphyroblasts include quartz in rounded individuals, albite
o!igoc1ase and mieroeline. The groundmass eonsists of quartz, mierocline,

Fig. 43. Microeline (:v.l) pal'Li.ally I'eplacing biolile (B) and albile-oligoclase (Ab) in
a veio af gl'anite C. Slide' a. 636"'2.

albite-oligoclase, orthoelase, biotite and muscovite. Micrographic inter
growths of quartz and micr'ocline are common. A characteristic feature
of granite C is the presence in quar1,z and feldspar of groups of similarly
oriented biotite inclusions. This may mean that the granite was rieher
in biotite before the recrystallisation.

The composition of the gr'anite varies only slightly from one place
to another: neal' volcanic rocks and in dykes transecting the volcanic
series, the granite appearS poorer in microcline and quartz than in other
places. 1os1, large granite occurrences possess, moreover, apliLic margins
in which biotite is almost absent.

Relations between granite and country-rock

'lost of the granite contacts are sharp; only in the small area N
of summit 1040 m, were gradational contaets between the granites A and
C observed. Evidence of a slight eontact metamorphism ean be seen
locally. The eontaets are generally discordant to any foliation present
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Fig. M. :\ol'lh wall of mountain 1025 m in lhe Al'paLsivip-qåqå area, showing
moved and l'oladed inc!nsions of vo1canie roeks (V) in gl'anile C (G) neal' Ihe eontaet

bet"'een granite and volran ies.

in the adjacent rock, The intl'usive haracter of granite C is confiT'med
by the random ol'ienLation of mo t of the inclu ions, Thi was fol' in lance
ob erved in the N \\'all of mountain 1025 m, where largc xcnoliLhs of
volcanic rocks have been apparently moved and rotated in the gl'anite
quite neal' the contact with thc volcanic series (fig. 4ft). The intrusive
character of the granite-veins and dykcs is aIso shown in several places
by the pl'e ence of inc1usions of malcrial di fTer'ent from the host-rock,
which pro\'cs that Lhey were moved con iderahly.
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Genesis and conc1usions

The observations related in the preceding pages show that granite C
was probably emplaced as an intrusive melt, and that it underwent in
later times two successive recrystallisations, the last of these resulting in
the formation of porphyroblasts. This seems to be the only way to explain
the presence of a metamorphic texture in an intrusive granite. However,
it is strange that much earlier metadolerite dykes still show clear rem
nants of igneous textures, whilst these are missing in all the later Sane
rutian granites.

It seems Iikely that the relatively high radioactivity of granite C
is due to a higher content in allanite and zircon.



XII. GENERAL PETROGENETIC

CONSIDERATIONS AND CONCLUSIONS

The synkinematic migmatisation
and granodioritisation

During the Ketilidian orogeny the rocks of the Nanortalik area
were folded in three successive stages. The second and principal phase
of deformation was accompanied by a strong migmatisation, giving birth
to granodiorites and pegmatites. These rocks were mainly formed by
replacement of pelitic schists and often the old stratification can still
be detected.

The synkinematic granodiorites and pegmatites both contain much
more acidic plagioclase (oligoclase) than K-feldspar, sodium being present
in excess of potassium. The latter fact is confirmed by the chemical
analyses of the granodiorite (table 5).

According to PETTIJOHN (1949), pelitic sediments contain as a rule
more K20 than Na20. One analyses of a quartzitic schist in the central
part of the region also shows a higher content in potassium than sodium.

This means that during the granodioritisation of the schists Na20
was added or K20 was removed. MARMO (1962) and ENGEL and ENGEL
(1953) consider the latter alternative more likely, and think that the
extraction of potassium was responsibIe for the formation of synkine
matic pegmatites which often occur together with the granodiotites.
In the Nanortalik area all the observed synkinematic pegmatites possess,
however, a characteristic granodioritic composition and could never have
formed in that way. It seems therefore ~ore likely that in the Nanor
talik region the granodioritisation was mainly due to an important supply
in Na20. It is possibIe that simultaneously small amounts of K20 were
removed into the country-schist, causing there the growth of late biotite.

According to many authors (TURNER 1948, MARMO 1958, ENGEL
HARDT 1961), the majority of the Precambrian synkinematic granitic
rocks possess a granodioritic composition. This is the case in the Nanor
talik area where the evolution of the schists and gneissic schists tended
to such a composition during the Ketilidian orogeny. As shown by many
observations (chapter V), the granodioritisation took place during an
increasing regional metamorphism.

172 7
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The late-kinematic pegmatites

At the end of the third and last Ketilidian folding period, many
potassium-rich pegmatites were formed in the rocks of the Nanortalik
peninsula. They are mainly composed of microcline and quartz and con
tain only small amounts of albite-oligoclase. They developed partially
as replacement products of earlier sodium-rich pegmatites. The late
kinematic pegmatitisation was accompanied by a general microc1inisa
tion of the schists and gneissic schists. At the same time, a slight albitisa
tion occurred, the oligoc1ase being replaced by almost pure albite.

The relations between the different minerals show that the regional
metamorphism decreased in late-kinematic times. It seems thus that a
lowering of the temperature accompanied the increase in the KINa
ratio of the feldspars. This may partIy be explained by the experiments
carried out by ORVILLE (1961), who found that the KINa ratio in alkali
feldspars, which are in equilibrium with an NaCI vapour, increases with
falling temperature.

In short, it can be said that during the end of the Ketilidian orogeny
most of the rocks in the area were considerably enriched in K and Si,
and, to a slight degree in Na.

The post-kinematic granites

Three post-kinematic granites occur in the Nanortalik region. Their
K-feldspar is always a more or less perthitic microcline, specially so in
younger granites.

The first post-kinematic granite (granite A) was mainly formed by
replacement of large masses of volcanics and minor quantities of schists.
This is evident by the presence in the granite of large-scale relict structures
and by the nature of the contacts.

Except in a narrow border zone, the composition of granite A is
remarkably constant. This shows that the homogeneity of a granite does
not necessarily demand a magmatic origin. Near the impregnation con
tacts andesine is often present in granite A. It represents a transitory
stage, in which parts of the calcium, removed from the replaced rock,
were temporarily fixed. Obviously large amounts of K, Si and Na have
been supplied to produce the replacement of the large masses of basic
volcanic rocks by the granite. This is proved by the very different chemi
cal compositions of the granite A and the volcanics.

The younger granites B and C appear to have been emplaced parti
ally by the intrusion of a melt and partially by a subsequent replacement
of the host-rock. This replacement is locally very important and must
be responsable for approximatively 50 0/0 of the granite B in the area.
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The three post-kinematic granites all possess a more or Iess porphyro
blastic texture with a granoblastic groundmass, even in the most obvi
ously intrusive parts. This means that the intrusive parts recrystallised
completely, probably in several successive stages, the last stage being
the growth of the microcline porphyroblasts.

The faet that even the late-Sanerutian granite C recrystallised shows
that its original mineral assemblage was unstable, compared to that of
its host-rocks.

The microc1inisation

Examination under the microscope shows that the microcline always
developed directly from plagioclase, quartz or biotite within each of the
three granites. It appears to be truly triclinic and never contains relicts
of orthoclase. It ean be assumed therefore that in the Nanortalik area
the microeline was not derived from a pre-existing monocline sanidine
or orthoclase. The latter origin was suggested by GUITARD, RAGUIN and
SABA'l'IER (1960) for the microcline in the granites and gneisses of the
eastern Pyrenees.

Heating experiments, carried out by GOLDSMITH and LAvEs (1954)
indicate that microcline becomes unstable at higher temperatures (525°
C under hydrothermal conditions) and is transformed into monoeline
sanidine. However, as MARMO (1958) points out, this does not prove that
the inverse transition also takes place.

In the Nanortalik region all the microc1ines were probably formed
by potassium metasomatism at a temperature below their instability
point. MARMO and PERMINGEAT (1957) suggest that the growth of most
microc1ines was very slow an took a long time. This mayaIso well have
been the case in the Nanortalik region.

The origin of the granitising elements

According to RAMBERG (1951) the granulite facies gneisses in western
Greenland probably belong to the top of the degranitisation zone which
must exist as compensation for the granitised upper leveIs. This means
that part of the migmatising and granitising elements (Si, K, Na etc.)
were "squeezed" out of t~e underlying gneisses and migrated to higher
low-pressure areas. This theory is confirmed in the Nanortalik region by
the following facts:

1) The granulite facies gneisses are only slightIy migmatised compared
with the amphibolite facies schists and gneissic schists.

2) All the replacement granodiorites and granites occur in the higher
amphibolite-facies leveIs.

7*
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The first main element to migrate must have been sodium, which
resulted in the synkinematic migmatisation and granodioritisation of the
schists. This was followed in late- and post-kinematic times by consider
able migrations of K, Si and Na which caused the formation of late
Ketilidian pegmatites and early-Sanerutian granites.

The evidence shows that the Sanerutian granites B and C were
emplaced by intrusion. The local expansion of the "New granite" B
by replacement of the surrounding rocks may be aresult of the migra
tion of granitising elements from the main "New granite" body situated
on the other (SE) side of Tasermiut fjord.
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Plate 1

Three stages of migmatisation and granitisation in the contact zone between
granite A and migmatitic garnet schist near lake 430 m. A: migmatitic garnet schist.
B: partly recrystallised and granitised schist. C: granite A with small schist-relicts.

Plate 2

Very simplified columnar seetions at four places along Tasermiut fjord. The
position of each seetion is given by the letters A, B, C and D on the geological map
on plate 5.

Plate 3

Structural stereogram representing the lower surfaee of the volcanic formation
(V), and two pyritic schist horizons (S), in the Quvnerssuaq and Qagdlua area.
The situation of the stereogram is represented on the map on fig. 3.

Plate 4A

View from Tasermiut fjord of the S slope of Qagdlua mountain (1115 m). The
gneissic granodiorite (G) forms the core of an antic1ine and is surrounded concordantly
by dark biotite schist (S) containing several pyritic horizons (p). The granodiorite
contains some amphibolite layers as inc1usions (A). Volcanic rocks (V) and quartzitic
schists (Q) overlie the pelitic schists.

Plate 4B

View from Sarqå fjord of the mountains situated W of lake 510 m. The granite
A (G) lies as a large concordant sheet between the schists (S) and the volcanic
rocks (V). To the right, the granite forms wedges in the quartzitic schists (Q) and
volcanics. Gardar dolerite dykes (D) cut the whole formation.
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