
G E U S
Report file no.

22189

GRØNLANDS GEOLOGISKE UNDERSØGELSE

BULLETIN No. 37

A CONTRIBUTION TO THE GEOLOGICAL
INVESTIGATIONS IN THE REGION OF

IVIGTUT, SW GREENLAND
BY

STEPHEN NEVILLE AYRTON

WITH 63 FIGURES IN THE TEXT
A D 19 PLATES

AVEC UN RESUME EN FRAN(:AIS

C PYCCIUIM PE310ME

Reprinted (rom

Meddelelser om Grønland, Bd. 167. Nr. 3

KØBE HAVN
BlANCO LUNOS BOGTRYKKERI AIS

1963



GRØNLANDS GEOLOGISKE UNDERSØGELSE

BULLETIN No. 37

A CONTRIBUTION TO THE GEOLOGICAL
INVESTIGATIONS IN THE REGION OF

IVIGTUT, SW GREENLAND
BY

STEPHEN NEVILLE AYRTON

WITH 63 FIGURES IN THE TEXT
AND 19 PLATES

AVEC UN BI~SUM}: EN FRANCAIS

C PYCCKI1M PE3IOME

Reprint/'d {'rom

Meddelelser om Grønland, Bd. 167. Nr. 3

KØBENHAVN

BlANCO LUNOS BOGTRYKKERI A/S

1963



CONTENTS
Page

Abstract , 5
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Preface - Topographical frame. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Morphology .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 9
General geological situation , 12

The Ketilidian Period , 15
A. Description of the Ketilidian rocks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15

Suprastrueture and Infrastructure: I. Macroscopic , 15
II. Microscopic , 24

Rust-Zones , 30
Pegmatites and Aplites , 31
The Ultrabasic Rocks 39

B. Ketilidian Tectonics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 43
The N-S to NNE pre-migmatitic folding 46
The WNW migmatitic folding , 47
The NE to ENE mainly post-migmatitic phase. . . . . . . . . . . . . . . . . . . . . 53

C. Metamorphism.................................................... 53
D. Migmatization , 54
E. Hydrothermal segregation , 57
F. Summary and conc1usions of the Ketilidian period , 58

The Kuanitic Period , 61
Summary and conc1usions of the Kuanitic period , 64

The Sanerutian Period , 65
A. Description of the Discordant Amphibolites (Kuanitic Dykes) , 65
B. Migmatization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
C. Dynamometamorphism and mylonitization. . . . . . . . . . . . . . . . . . . . . . . . . . . 71
D. Hydrothermal and pneumatolytic activity ... . . . . . . . . . . . . . . . . . . . . . . . . 73
E. Consequences of Sanerutian phenomena on the basement rocks. . . . . . . . . . 73
F. Sanerutian faulting , 74
G. Summary and conc1usions of the Sanerutian period , 75

The Gardar Period , 76
A. Lamprophyres , 76

Petrogenesis , 80
B. Brown Dykes , 82

Description , 82
Phenocrysts, xenocrysts, anorthositic xenoliths , 89
Igneous banding , 92
Acid and basic segregation - "Pegmatitoides" , 92
Transversal variations . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 96

1*



4 STEPHEN NEVILLE AYRTON III
Page

Considerations on the magmatic chamber . . . . . . . . . . . . . . . . . . . . . . . . .. 99
Contact phenomena; effects on the country rock; formation of granophyre 99

C. Trachytes 108
Petrogenesis of the trachytes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 112

D. Gardar faulting 112
The WNW system 113
The NNE system 113
Mineralizations 117

E. Summary and conclusions of the Gardar period 118

The Post-Gardar Period 120
A. Description of the Trap dolerites 120
B. Petrogenesis of the Trap dolerites 124
C. Summary and conclusions of the Post-Gardar period . . . . . . . . . . . . . . . . . .. 124

General considerations on the evolution of the Ketilidian orogeny 125
Resume 127
Resume in Russian 131
Bibliography 135



Abstract.

As part of the research project carried out by G. G. U., the study of the
territory situated to the NW of Ivigtut, between the fjords of Tigssalup ilua and
Sermiligårssuk, was undertaken. This peneplain, where the effects of quaternary
erosion, in particular glacial abrasion are important, is geologicaIly part of the
Canado-Greenlandic shield. Since the investigations of C. E. WEGMANN (1938), the
geological history of this region has been roughly divided into an orogenic phase,
during which the Ketilidian chain was born, and a phase of tension with block­
tectonics and emplacement of dykes (Gardar period). Recent studies have brought
to light two intermediary periods, the Kuanitic period, when the intrusion of doler­
ites took place, and the Sanerutian period, during which transformation of the
pre-existent rocks occurred, due to a rise of the thermal front.

During the Ketilidian period, a mountain chain was formed, in which one
may distinguish a migmatized infrastructure and a suprastructure composed of an
ectinite series. The principal differences between these two units are in structure and
lithology. The macroscopic and microscopic petrology of these rocks is reviewed.

The suprastructure includes pelitic, basic, quartzo-feldspathic, ferruginous
and magnesian schists, which have recrystallized in the first two greenschist sub­
facies according to F. J. TURNER and J. VERHOOGEN (1960). The infrastructure is
characterized by various gneisses (banded, streaky, homogeneous) of which only
one member rises out of the ordinary, i.e. the gabbro-anorthosites; the origin of
these curious rocks is strongly debated. The apparition of a garnet in these gneisses
suggests a slightly deeper metamorphic facies. As a whole these rocks represent
probably the transformation of the Arsuk group (C. E. WEGMANN, 1938).

Rust-zones may have various origins. In the greenschists they are probably
pyrite-bearing sedimentary layers. In the gneiss they are more often related to
crush-zones.

Pegmatites are mainly of the simple quartzo-feldspathic type. Zoning, pinch­
and-swell structure, ptygmatic microfolding are current phenomena. Complex
pegmatites containing minerals of pneumatolytic or hydrothermal origin are less
frequent. Most of these were probably formed by slow diffusion of acid material
in zones of weakness.

Whether it be in the infrastructure or in the suprastructure, there exist lenses
of ultrabasic rocks, especiaIly serpentinites or talcschists. Reaction phenomena in
a contact zone with a pegmatite are described. Several arguments are put forward
in favour of the hypothesis of a sill emplaced in the fresh and water-filled sediments
of the geosyncline.

All these rocks underwent intense folding which may be divided into three
phases:

1) a N-S to NNE pre-migmatitic phase.
2) a major WNW migmatitic phase.
3) a NE to ENE mainly post-migmatitic phase.
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There is no evidence of a considerable break between the different phases.
During the first one, small steep folds were formed, the style of which suggests

a predominance of sehistose material.
The second phase is characterized by the formation of a synclinal supra­

structure and migmatitic up-doming in the infrastructure, resuIting in big folds, more
or less recumbent, separated by steep synclines. Metamorphism attained maximum
intensity.

Where both phases were very active, crossfolding and wild-folding occurred.
An example of the use of the Wulf-net in unravelling one of these problems is
given.

The effects of the third phase are not very visible in this area since they involve
semi-plastic refolding, twisting and bending on a very large scale. Shearing of the
suprastructure may be the main resuIt. Microclinization seems also to belong to
this phase.

The result of Ketilidian tectonics is the individualization of a suprastructure
and an infrastructure, separated generally by a structural break.

The polymetamorphic character of Ketilidian rocks is summed up, the various
transformations through metamorphism succintly described, and the close relation­
ship between migmatization and regional metamorphism affirmed.

Migmatization and its relationship to tectonics reveal some interesting features.
A complete migmatitic front may be traced from infrastructure to suprastructure.
The close association between its emplacement and the WNW folds is quite evident.
The distribution of the migmatitic facies in the recumbent anticline, NNE of Ang­
massivit, demonstrates this faet particularly well. Migmatization and the second
phase of folding are clearly contemporaneous. Where resistant barriers (quartzitic
horizons) exist, the arrested migmatitic front is concordant with the primary bedding
of the suprastructure.

Element migration and metasomatism are reviewed. It is shown that sodium
has migrated farther than potassium, which remains localized in deep zones. Calcium
migration accounts greatly for the formation of basic oligoclase, amphibole, calcite
and epidote.

Hydrothermal veins and pellicles on joint-planes are frequent. Their main
constituents are magnetite, biotite and chlorite.

During the Kuanitic period, three generations of tholeitic dolerites were em­
placed in three distinct directions. Their width and density of distribution can vary
considerably.

A rise in the thermal front characterizes the Sanerutian period. All the pre­
existent rocks undergo low-grade metamorphism. In particular, the Kuanitic Dykes
are transforrned into metadolerites, according to the process described by J. SUTTON
and J. WATSON (1951). Migmatitic and metasomatic introduetion of material is
insignificant. Several fauIt-systems and crush-zones have been distinguished.

Absolute age determinations suggest correlation between the Sanerutian
reactivation and the N)lgssugtoqidian orogeny, the remains of which are to be found
between Søndre Strørrifjord and Disko Bugt, also on the W coast, but further N
(A. BERTHELSEN, 1961).

The Gardar period begins by the emplacement of lamprophyric dykes. A
comparison is established between these dykes and the hornblende-lamprophyres
of the Skærgaard region on the E coast of Greenland. In both cases they derive
from a basaItic magma enriched in volatiles (mainly alkali-compounds and H20).

The Brown Dykes constitute the most important group of the hypabyssal
complex of the Gardar period. Three generations are distinguished, solely on the
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basis of their direction, which varies between ENE and NE, the firs t being that
of the oldest dykes (BDo), the second, that of the last (BD2). Intrusion phenomena
are noted: swarm, bayonet, "en echelon", disposition etc. Moreover, one observes
variations of grain-size (chilled-margins, gabbro-pegmatites etc.), of texture (mainly
ophitic), and of petrology (acid, basic segregations, "pegmatito'ides", transversal
variations; in composition, they go from quartz dolerites to troctolitic dolerites).
They contain phenocrysts, xenocrysts, gneissic or anorthositic xenoliths. A few
considerations on the very unlikely existence of a magmatic chamber with great
horizontal extent are followed by the description of contact phenomena with effect
on the encasing rock, a homogeneous gneiss, which is locally transformed into grano­
phyre ; the process is described with some detail.

The youngest member of this hypabyssal complex, a group of trachytes, dis­
plays quite a wide diversity. In faet this field denomination incIudes types going
from undersaturated (phonolite, tinguaite) to oversaturated (calco-alkaline rhyo­
lite). While a process of differentiation readily explains the petrogenesis of most
of these dykes, in the case of a rock with free silica, a certain amount of contamina­
tion must have occurred.

Faulting has played a very important part in this period. Two main fault­
systems determine the g'reat WNW fjords and the lateral NNE fjords. The dis­
placements of the major system are considerable. Moreover, there exist numerous
other fractures of smaller extent.

Some rare pneumatolytic mineralizations are reviewed.
A great lapse of time separates the end of the Gardar and the emplacement

of two generations of dolerites, more or less parallel to the coast. These hypabyssal
rocks are to be compared to a similar swarm an the E coast. They are probably
related to the Plateau basalts further N and came up through parallel fraetures,
caused by a (Tertiary?) coastal flexure.
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PREFACE - TOPOGRAPHICAL FRAME

During the summer months of 1957 and 1958, we were given the
opportunity to participate in the geological expeditions organized

by G. G. U., in SW Greenland, with a view to the elaboration of the
geological map of the area. The project, in which many geologists
took part, began with the survey of the Ivigtut region, known
for its cryolite occurrence. This map is now being submitted for
publication. The territory that was attributed to us is situated in
the northern part of the sheet, approximately 40 km to the NW of
Ivigtut.

Our zone (Plate A and fig. 1), to be precise, extends from 61°22'5"
to 61 °31'0" n.l. Its northern frontier is the large fjord of Sermiligårssuk,
the axis of which is NE; at its extremity is to be found the glacier of
the same name: this outlet of the ice-cap is very active and continually
sends forth icebergs.

Another natural frontier limits the area to the S, i.e. Tigssahlp ilua,
the axis of which is E-W, with a length of about 30 km and an average
width of 3-4 km. Our territory covers sheet D3 of the topographic
map (scale 1: 20,0001), to which one must add the SE corner of sheet
E4 and the NE corner of sheet C3. To the E is sheet D4, rnapped by our
colleague, M. WEIDMANN, of the University of Lausanne ; to the W,
F. JACOBSEN, from the University of Copenhagen, surveyed sheet D2.

Morphology.
(P1.10).

It appears that before glaciation, the peneplain had aIready reached
an advanced stage. The plateau, in the full sense of the word, shows
littIe variation in average altitude, which is between 400 and 700 m.
Only to the NE do summits 850 and 890 m high attract attention,
the height of the area being easily explained geologicaIly. Cliffs are
frequently observed, especiaIly bordering Tigssahlp ilua. They are very
abrupt and probably result from weathering along joint planes.

l) The sample numbers which are to be found further on correspond with the
c1assification of G.G. U., by whom the entire collection is held.
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Fig. 1. 'I'he southern lip of Greenland and thc localion of lhe region under

consideration.

While the coast of Sermiligårssuk is not very jagged, that of Tigs­
salup ilua is deeply cut into by a series of little lateral fjords, more or
less parallel, from 3 to 5 km long, about 10E in direction ; they are
closely related to geological phenomena, as we shall see further on.
All except that of Kangerdlugssuaq, are prolonged by a valley-double
in the case of Qerrulik-in which flows a torrent.

The hydrographic network is composed of a multitude of lakes,
the smallest of which cannot be represented on the map; the largest,
however, lake 470 m, covers a surface of about 10 square km. It is
evident that water plays an important morphological role.

Alluvium nappes of various size cover the valleys. Small alluvial
plains occur at Eqaluit, Angmassivit and the small bay west of Akuli­
arusiarssuk. These' plains form deltas where they enter into the sea.
At the junction of the two branches of Qerrulik valley, imbricated cones
bear evidence of the variations in relative importance of the two systems.
Alluvium deposits attain a thickness of about 10 m in the NE corner
of the region, just before disappearing into a large bay.

West of Angmassivit, in the elliptical depression partially filled by
a lake, as well as on thc semicircular peninsula E of Eqaluit, very
marshy ground shows cryoturbation symptoms (striped and sometimes
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Fig. 2. Glacial grooves : to the left, crescentic gouges, to the right, crescentic frac­
tures.

polygonal ground) ; they are also to be found here and there in the valley
to the E, where long, narrow lakes have formed.

Glacial activity has naturally been very important. In particular,
it has overdeepened the pre-existent valleys (eroded by water), by
enIarging and deepening them (H. LISTER and P. S. WYLLIE, 1957).
The best example is found in the SE area, where the U-form of the valley
is well defined.

The difTerent periods of glaciation (R. F. FLINT, 1948) are not
visible in our region. Only the retreat of the glacier has left its ubiquitous
mark. Near the front of the Sermiligårssuk glacier one may see, on the
walls of the fjord, the old ice limits at an altitude of 50-60 m; they
separate a light lower zone, from which the ice has recentIy receded,
from an upper one, long since uncovered (A. WEIDICK, 1959).

Erratic blocks, about ten cubic m in volume, and important morainic
deposits abound everywhere. The thickest accumulation of glacial mate­
rial is to be found in the central part, SW of lake 470 m, where a veritable
desert of blocks may be seen covering almost all the subjacent rock.
But these blocks have not been carried a long way. Frost appears to
have played a considerable role in their genesis, the fine material having
subsequently been cleared away by water or by wind, another important
agent of erosion.
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However, the presence of foreign blocks bears witness to a much
more important transport. ane observes, especially on polished surfaces,
frequent glacial stripes and grooves. They only indicate local movement
from which one should not hurry to draw general conclusions. Fig. 2
shows two systems of grooves : to the left crescentic gouges, to the
right crescentic fractures (R. F. FLINT, 1957).

The quality of exposure is excellent, as vegetation is not abundant
at an altitude approximately above 150 m.

The place names used on the map are all of native origin. More­
over, the same names occur frequently, as they relate to features of
the coastal regions, the Greenlanders venturing but rarely into the
interior. Besides, this area has in all probability never been visited.
Only members of the Geodetic Survey of Greenland have passed through
to establish triangulation points, generally situated on the coast or the
clifftops ; these have been combined with aerial photographs in order
to set up the topographic map (scale 1: 20,000), the basis for our geological
survey.

General Geological Situation.

This territory is geologically part of the Canado-Greenlandic shield,
of Pre-Cambrian age.

In his famous workon SW Greenland, "Geological Investigations
in Southern Greenland" (1938), C. E. WEGMANN had aIready established
the chronology of the geological events of the area. It has served as a
basis, as well as his pertinent observations, for subsequent studies. He
divided the history of the country into two big cycles:

A. The Ketilidian, comprising two superposed stratigraphic units:
the Sermilik group, essentially sedimentary, and above, the Arsuk
group, mainly volcanic. These groups are folded, metamorphosed,
gneissified, even granitized.

B. The Gardar, comprising, from the bottom up, the Igaliko
sandstone (which now only exists in one locality, to the S), followed by
a thick volcanic series, itself succeeded by the intrusion of numerous
and various massiIs (granites, syenites, essexites). During this period
of tension, block-tectonics played an important role.

These two cycles are separated by a very long period of erosion.

C. E. WEGMANN also postulates a Pre-Ketilidian cycle, which would
be represented by the gneisses of the Ivigtut region (C. E. WEGMANN
1939, 1948c).
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The work of G.G.U. has brought to light the following chronology
(A. BERTHELSEN, 1961):

A. The Ketilidian, still comprIsmg the Sermilik and Arsuk series,
characterized by folded, metamorphosed, gneissified and granitized rocks.
The migmatitic front has risen to a more or less high level in the series,
and its limit separates an infrastructure from a suprastructure, differen­
tiated in particular by their tectonic style. Three stages of folding have
been distinguished, but they are not visible everywhere. Emplacement of
ultrabasic rock seems to have taken place at different epochs. There also
forms late- to post-kinematic granite.

B. The Kuanitic, during which tension fractures developed, soon to
be filled by basic rock. At least three generations of dykes were emplaced.

C. The Sanerutian, during which a general reactivation took place,
transforming and sometimes deforming the Kuanitie Dykes. It aceom­
panies the emplaeement of large masses of granitie rocks.

D. The Gardar, as WEGMANN deseribes it. A detailed ehronology
has been established, particularly through the analysis of the very
important bloek-teetonics whieh separate the different dyke intrusions.

E. The Post·Gardar, represented by non-teetonized swarms of dole­
ritie dykes. Although their age is not known, they appear to be clearly
detached from the Pre-Cambrian cyeles. ATertiary age has been suggested.

The Pre- Ketilidian may exist solely in the form of pebbles (of
granite, gneiss and crystalline sehists) in the inferior levels of supra­
erustal Ketilidian rocks.

This ehronology will serve as a plan for our deseription. Indeed,
manifestations of these different periods are all to be found in our region.

A. The Ketilidian. We were able to distinguish two phases of folding
with eertainty. A third phase was deduced from a synthesis of the whole
area (folding on a very large scale), and is diffieult to identify in a
restrieted territory. Certain facts, nevertheless, seem to support this
hypothesis. Metamorphism, migmatization, even granitization, exist in
varying degrees. It is also possibIe to separate the suprastructure from
the infrastrueture. Some ultrabasie lenses seem to have been emplaced
early in the Ketilidian period.

B. The Kuanitic. Intrusion of three systems of doleritic dykes.
Block-tectonies.
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C. The Sanerutian. Metamorphism and weak migmatization. Local
reactivation. Transformation of the Kuanitic Dykes with slight local
deformation.

D. The Gardar. Intrusion of several generations of dykes belonging
to different petrographic families. Very important block-tectonics.

E. The Post-Gardar. Intrusion of two generations of doleritic dykes.

Summary. As part of the research project carried out by G. G. U.,
the study of the territory situated to the NW of Ivigtut, between the
fjords of Tigssalup ilua and Sermiligarssuk, was undertaken. This pene­
plain, where the effects of quaternary erosion, in particular glacial
abrasion are important, is geologicaIly part of the Canado-Greenlandic
shield. Since the investigations of C. E. WEGMANN (1938), the geological
history of this region has been roughly divided into an orogenic phase,
during which the Ketilidian chain was born, and a phase of tension with
block-tectonics and emplacement of dykes (Gardar period). Recent
studies have brought to light two intermediary periods, the Kuanitic
period, when the intrusion of dolerites took place, and the Sanerutian
period, during which transformation of the pre-existent rocks occurred,
due to a rise of the thermal front.



THE KETILIDIAN PERIOD

It is during this period that an old mountain chain was buiIt, to
which C. E. WEGMANN (1938) gave the name of "Ketilides". It is charac­
terized by folded rocks that one may divide, in the Ivigtut region, into
a migmatitic infrastructure and a metamorphosed but not migmatized
suprastructure, comprising the ectinite series.

The relations between these two units are extremely interesting
and will be studied mainly in the chapters on migmatization and tec­
tonics. One may simply state that the' principal differences reside in
structure and petrology.

A. Description of the Ketilidian rocks.

Suprastructure and Infrastructure:
I. Macroscopic.

1. The suprastructure. Several bands of low-grade metamorphic schists
are concentrated in the NW part of our region. The main one crosses the
whole territory determining a deep depression; in the NE part, long lakes
have formed. The width of this zone is quite constant, measuring about
500 m; its direction is slightly sinuous and forms an arch weakly convex
towards the N.

The lithological composition of these rocks shows littIe variation.
They are mainly chloritic and/or amphibolitic schists, with intercalations
of a more quartzitic composition, and concordant and compact basic
lenses. The predominant colour is dark green; from afar, this series
contrasts c1early with the lighter gneiss.

The schists are practically everywhere vertical to sub-vertical (Fig. 3).
Moreover, intense shearing has produced a certain amount of retrograde
dynamometamorphism of the whole series, causing a catac1astic reduc­
tion of the grain-size. One may therefore call these schists phyllonites
and diaphthorites.

Some rare pegmatites have reached and penetrated into this zone.
They are nearly always concordant. This disposition may be due to
the original emplacement or to ulterior shearing which has drawn out
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Fig. 3. Detail of the green ehists. Basic and quartzo-feldspathic beds alternate quite
regularJy.

Fig. 4. Discordant pegmatites drawn out and bourlines in the suprastructure. The
lenses thus forrned appeal' to be concordant.
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I I I
O 5 10 cm

Fig. 5. Slightly migmatized greenschist, containing a great proportion of amphibole,
some albite, epidote, and alittle quartz, sphene, apatite, caIcite, tourmaline and

microcline. (No. 38486). Valley of Eqaluit.

o 5 10cm

Fig. 6. Concordant amphibolite. Amphibole crystals form at least 80 % of the rock,
the rest being made up of albite, microcline, quartz, epidote, chlorite and biotite.

(No. 32844). Small peninsula on the S coast of Sermiligål'Ssuk.

these veins in concordant lenses (Fig. 4). Moreover, practically all pre­
existent structures have been erased by these violent movements.

In spite of the fineness of grain-size which nearly always prevented
us from distinguishing the minerals in the fieId, we appropriated this
zone to the metamorphic facies of the greenschists, which subsequently
was confirmed through microscopic examination.

A typical sample of these schists shows a finely schistose rock, the
S-planes of which are quite naturally determined by the phyllosilicates,
amongst which chlorite is largely predominant. Amphibole, feldspar and
quartz are sometimes sufficiently well formed fOl' one to distinguish
them (Figs. 5 and 6).

167 2
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Fig. 7. Banded gneiss in Akuliaruserssuaq. The dark beds are very amphibolitic.
A concordant pegmatite shows a slight pinch-and-swell structure.

2. The infrastructure. It is composed of gneissic rocks, massive
or schistose, whose aspect has lead to the folIowing subdivision:

B anded gneiss. The melanocratic and leucocratic beds are pa­
rallel, and more or less of equal thickness. The beds with a majority of
white minerals are generally more massive; they may even be separated
by schistose intercalations of flaky minerals. The thickness of the beds
varies between 0.5 cm and over 1 m; in average they oscillate between
5 and 20 cm (Figs. 7, 8 and 9).

Veined gneiss. Here the leucocratic veins have a more capricious
disposition. It is they, however, that determine the orientation of the
rock. Generally, as in the case of Fig. 10, they are much less abundant
than the melanocratic parts.

Streaky gneiss. This is a leucocratic gneiss, the orientation of
which is determined by discontinuous streaks or schlieren of dark minerals,
constituting a very small proportion of the rock.

Homogeneous gneiss. All directions have disappeared from this
rock, nearly exclusively quartzo-feldspathic. Its homogeneous character
and its common coarseness in grain-size remind one rather of a granite.
Moreover, joint-systems, two of which are predominant, one horizontal,
the other vertical, determine big steps. It is normal that this rock,
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o 5 10cm

Fig. 8. Banded gneiss, containing essentiaIly oligoclase, quartz, amphibole, epidote
and biotite. (No. 32998). Angmassivit.

o 5 10cm

Fig. 9. Banded gneiss, composed of oligoclase, epidote, amphibole, biotite, musco­
vite and alittle microcline, quartz and sphene. (No. 38529). Northern part ofAkuliaru­

serssuaq.

offering a greater resistance to erosion, should constitute a marking
feature in the topography. Indeed, the high areas N of lake 470 m
(summits 850 and 875, 890) are carved in this rock.

Agmatites. This group of rocks forms a zone which nearly every­
where barders an the greenschist bands af the suprastructure.

Here basic or gneissic lenses are separated by acid veins (aplites
and pegmatites), in great abundance (Fig. 11), belonging to several
generations, and which run in a very haphazard manner.

2*
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Fig. 10. Veined gneiss. The leucocratic veins determine the orientation of the
rock, but man)" are discordant. Dark material is clearly more abundant.

Fig. 11. Agmatites on the coast of Sermiligårssuk. The haphazard disposition of
lhe acid veins is quite typical. Displacemenls from one lens to another and syn­

migmatitic microfolding are frequent.
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Fig. 12. Agmatitic blocks and lenses. The outJine may be angular or rounded. In
some places, the dark patches form but a small proportion of the total rock.

The proportion between the interstitial material and the lenses
varies enormously; it may occur that only a few rare blocks are pre­
served in a leucocratic mass. The form of the lenses is very variable;
their outline may be angular or rounded (Fig. 12).

Often these lenses are composed of schistose or massive, more or
less pure amphibolites; in certain cases, the proportion of amphibole
reaches 90 to 95 0/0, and the size of the crystal 2-3 mm.

While one can, in most cases, follow the structure from one lens
to another, it is to be noted, however, that there occur evident displace­
ments and syn-migmatitic microfolds (M. ROQUES, 1941). The general
aspect is one of intense deformation.

Gabbro-anorthosites. Whereas in other regions nearer Ivigtut,
this facies constitutes continuous bands, a very useful horizon for struc­
tural analysis, in ours it appears but sporadically, in the form of lenses
concentrated in the banded gneiss of the southern part.

It is more or less an augen-gneiss composed typically of dark minerals
(amphibole, biotite) and of a rather basic plagioclase (Fig. 13). Quartz
is practically always absent. The origin of this curious rock is the object
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o 10cm

Fig. 13. Gabbro-anorthosite containing andesine-Iabradorite, biotite, green horn­
blende, epidote, allanite, apatite, and sphene. (No. 38546). Northwestern part of

Akuliaruserssuaq.

of strong controversy. Because of its constancy and high Ca content,
it may represent the result of metamorphic transformations of cal­
careous formations, but certain facts seem to disprove this hypothesis.

All these types of gneiss may grade into each other very rapidly.
Thus, numerous lenses with a gabbro-anorthositic aspect are actually
transitional rocks, in which the plagioclase is too acid, and quartz too
abundant, for one to attribute them to this category.

In the same way, the transition from a banded gneiss to a veined
gneiss (Fig. 14), or to an agmatitic gneiss is current.

Another example (Fig. 15) shows a pegmatitic vein with three
concordant branches which join up, an amphibolitic lens thus becoming
agmatitic. l,

ane may find in the gneisses occasional greenschist relics, the
composition of which corresponds exactly to that of the greenschists
in the suprastructure. Since these rocks have largely escaped migmatiza­
tion, they will naturally be found less and less as the gneiss becomes
more homogeneous.
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.~J

Fig. 14. Transition from a banded gneiss on the right side, to a veined gneiss in
the centre. The leucocratic veins suddenly acquire a capricious disposition.

Fig. 15. An amphibolitic lens becomes agmatitic through the junction of three
concordant branches of a pegmatite vein.
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II. Microscopic.

All microscopic determinations of minerals were carried out by
classical optical methods mainly based on the tables and data compiled
by WINCHELL and WINCHELL (1951).

1. The suprastructure. According to the mineralogical assemblages
we have tried to determine the origin of these schists, basing our
conclusions on the facies descriptions of F. J. TURNER and J. VER­
HOOGEN (1960). It was naturally more indicated to make this attempt
in the suprastructure where the rocks have not undergone the effect of
migmatization.

Pelitic sehists. These are fine-or medium-grained schists, grey or
green, dark, often satiny. Where recrystallization occurred in the first
greenschist sub-facies (quartz-albite-muscovite-chlorite), one observes an
abundance of chlorite in greenish veinlets, and sericite. These phyllosili­
cates are embedded in a matrix of quartz and plagioclase (an albite­
oligoclase). As accessory minerals let us mention : epidote, apatite, biotite,
magnetite, limonite, pyrite, sphene associated with leucoxene and
ilmenite.

In one case biotite becomes one of the essential minerals. It forms
large plates and its pleochroism goes from light brown to dark green.
Sphene is more abundant, in a fresher state, and small grains of calcite
seem to have been introduced at a later stage. This corresponds approxi­
mately to recrystallization in the second sub-facies (quartz-albite-epidote­
biotite).

Basic schists. Assemblages corresponding to both sub-facies exist
here too. Macroscopically, these are also fine green schists in which only
the phyllosilicates may be distinguished.

In the first sub-facies chlorite, sericite, epidote, albite (-oligoclase),
quartz and calcite are abundant. Small pink grains of sphene are often
scattered throughout the mass and are sometimes surrounded by a
cloud of leucoxene and ilmenite. In the centre of the grains of epidote
there is often an orange grain of allanite, the whole association some­
times producing zoning phenomena from the centre outwards. Apatite,
zircon and tourmaline are accessories, whereas the quantity of biotite
is insignificant. Calcite, colourless or slightly brownish, is often a late­
stage or secondary formation. Only rare traces of amphibole are to be
found. Let us also mention some ore (magnetite, limonite, pyrite),
which crystallizes generally in the cleavages of the phyllosilicates.

If the degree of metamorphism is slightly stronger (second sub-facies),
an amphibole makes its appearance; it is mainly green but can easily
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lose its colour, the transition being possibIe in a single crystaI. Thus an
actinolite-hornblende becomes a more tremolitic amphibole. The pleo­
chroism is often light brown to dark bluish-green. One notes various
inclusions, mainly of quartz. The amphibole crystals determine the ori­
entation of the rock. Moreover, biotite (pleochroism: paIe brown to dark
green) often becomes abundant. Plagioclase, usually an albite-oligoclase,
varying between 5 and 10 010 An, is in certain cases an optically negative
oligoclase. !ts alteration produces sericite and it is frequently filled with
saussuritic accumulations, where zoisite is particularly abundant, indi­
cating a higher degree of original basicity. Chlorite is still present, but
in variable amounts, as is quartz which may be totally absent. Epidote,
often accompanied by allanite, is ubiquitous, as well as rounded grains
of sphene which show slight pink pleochroism and occasional lamellar
twinning. Sericite-muscovite, microcline and calcite appear but sporadic­
ally. As accessories one may mention apatite in large, often abundant
grains, zircon (giving rise to pleochroic halos in the phyllosilicates),
green tourmaline and some ore (magnetite, ilmenite, limonite, hema­
tite). From time to time one notes a zeolite which forms amygdules
or veins; it is a chabazite, common in the fissures of crystalline
schists.

These basic schists constitute the most abundantly represented
group, and we are of the opinion that they result from the transforma­
tion of basic igneous rocks (sills, flows, pillow-lavas etc.), common and
even characteristic members of the Arsuk group, as described by C. E.
WEGMANN (1938). Remains of sills are to be found in the form of the
above-mentioned concordant lenses, 1-2 m wide, 30-40 m long, where
the proportion of amphibole is considerable.

Quartzo-feldspathic schists. These schists are more massive
and very much more leucocratic than the previous ones. Grain-size
remains fine or medium. vVhereas in the groups aIready examined
the abundance of phyllosilicates determines a mainly lepidoblastic
texture, here the predominating minerals form a granoblastic texture.

In the first facies one observes mainly an association between
plagioclase, quartz and muscovite. The first is an albite-oligoclase,
fluctuating around 5-10 Ofo An. Muscovite constitutes weakly dispersive
plates which are generally colourless with a sporadic, slightly pink or
green tinge. Very accessorily, there is a littIe chlorite, epidote, ore
(frequently lining the quartz grains), and microcline.

In the second sub-facies these schists show an increase in the pro­
portion of microc1ine with formation of microperthite and of myrme­
kite, the apparition of a very pleochroic biotite, quite large grains of
sphene associated with ilmenite, some calcite and apatite. A slight
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schistosity is caused by alignments of fine sericite grains, or by the long
plates of muscovite.

These rocks derive very probably from quartzitic or arkosic sand­
stones. One often has the impression that they must have formed massive
and homogeneous layers.

Magnesian schists. Sometimes the green chloritic schists gradu­
ally grade into greenish, whitish or grey schists, soft and fine, in which
tale is easily distinguishable. They are rather intercalations than lenses
and do not seem to be related to the ultramafic rocks.

The matrix is composed of small grains of tale in which are embedded
flakes of sericite, difficult to distinguish from the tale, and long thin
plates of light green chlorite; these lamelIae are twisted and broken up
by later mechanical efforts. Carbonates are found in variable quantity
and small grains of ore (magnetite, limonite) are scattered throughout
the mass. Grains of sphene and epidote are very rare.

N. L. BOWEN (1940) and C. E. TILLEY (1948) have described the
transformation of dolomitic and siliceous rocks, intermediate between
purely calcareous and pelitic rocks. A low degree of metamorphism
produces tale. It appears that a similar phenomenon occurs in our
case, rather because of field relations than for mineralogical reasons.

We are quite conscious of the faet, however, that it is sometimes
illusory to try to define the origin of a transformed rock from the final
produet, as its history may be complex, and convergences are frequent.

2. The infrastructure. Whereas the components of the various
types of gneiss are the same, their proportion varies considerably.
The texture is practically always granoblastic with local variations:
heteroblastic, grano-nematoblastic, lepidoblastic, cataclastic.

Banded gneiss. As essential minerals one must mention: a) a
plagioclase with good twinning, practically always full of sericite flakes,
which begin by folIowing crystallographic directions, before spreading
haphazardly; saussurite in which zoisite is predominant, also invades the
plagioclase; colourless or pinkish, it is in average an optically positive
oligoclase, varying between an albite-oligoclase (about 5-10 Ofo An) and
the limit oligoclase-andesine (about 30 Ofo An). It frequently contains
inclusions, mainly quartzitic, in the form of "drops" or "tears" , some­
times optically oriented in a single crystal. True micrographic associa­
tions are also current. Less frequently one may observe more acid
secondary growths. b) quartz, which constitutes beds or interstitial
veins composed of small crystals or large grains with undulatory ex­
tinction. Some secondary quartz is due to corrosion, alteration; it also
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forms inc1usions in the plagioc1ase and the amphibole. c) biotite, the
lamellae of which are imbricated in each other and form layers. Pleo­
chroism is always very distinct and varies clearly with iron content.
When it is a lepidomelane, the colour goes from a light brown, sometimes
orange tinge to dark brown or bIood red. lf it approaches a phlogopite,
a green tinge (often olive) appears. Its alteration produces green chlorite,
vermiculite, limonite or magnetite. Moreover it contains frequent tiny
needles of sagenitic (reticular) rutile, as well as small inclusions of zir­
con, which have given rise to dark pleochroic halos. d) an amphibole,
which is generally green common hornblende. Like biotite, it varies
considerably in quantity and may even be absent. Idiomorphic or sub­
idiomorphic crystals are frequent. Its pleochroism varies generally from
straw-yellow to dark green or bluish-green (probably indicating in this
last case a slight sodium content), but in some cases it may lose all
colour, become more fibrous in aspeet, thus turning into a tremolite.
Twinning is rare. Numerous inc1usions are to be noted: apatite, quartz,
zircon, sphene. Its alteration normally produces chlorite and/or biotite.
e) epidote in yellow or brownish grains of very variable size, frequently
forming layers or veinlets. Its optical anomalies and its dispersion are
characteristic. In numerous cases the centre of the grains is occupied
by a crystal of allanite (PI. 1 fig. 2), slightly pleochroic (yellow-brownish);
it is the nucleus of typical radial cracks and forms, with the surrounding
epidote, the aIready mentioned zoning. Less frequently, there also exist
large accumulations of c1inozoisite, whereas zoisite is mainly an altera­
tion produet. Vermicular inclusions of quartz are common.

Accessory minerals are: f) chlorite, slightly pleochroic, light green
to colourless, fibrous or finely crystallized. It also contains zircon inclu­
sions and rare tourmaline needles. Not abundant, it is mainly secondary.
g) muscovite, constituting large, slightly dispersive lamellae. It grades
frequently into biotite. h) sphene, sometimes very abundant, in large
oval-shaped grains with weak pink pleochroism. Several crystals occasion­
ally form a chain, which concords with the foliation. It frequently
replaces ilmenite (PI. 2 fig. 2), but is itself not intensely altered to leucoxene.
i) apatite, which is ubiquitous, in frequently idiomorphic rods or grains.
il calcite, practically always the result of late-stage activities (metaso­
matism, hydrothermal activity etc.). It also forms veinlets. k) garnet,
slightly pinkish, strictly localized in the southern part of our region,
particularly at Akuliaruserssuaq. In spite of its rareness, it is not without
importance since it is probably almandine, characterizing the third
greenschist sub-facies (quartz-albite-epidote-almandine), according to
F. J. TURNER and J. VERHOOGEN (1960). I) ore inc1uding magnetite,
ilmenite, limonite (mainly goethite), hematite and pyrite. It constitutes
an insignificant proportion. m) tourmaline, quite rare, green-blue to



28 STEPHEN NEVILLE AYRTON III

black, distinetly pleochroic; it is a schorlite. n) microcline, the propor­
tion of which is considerably variable. It is often completely absent.
Generally fresh, it forms large grains which grow almost anywhere.
In particular, it sometimes replaces the plagioclase, indicating that it
has been introduced by late-stage metasomatism. When both feldspars
are in contact, formation of myrmekite is very often the result: vermi­
cular quartz buds (the size of which is well under a mm) appear near
the edge of the plagioclase, which becomes more acid at this point.
As regards myrmekite in the migmatites of the Massif Central, M. ROQUES

(1955) expresses the opinion that this endometasomatosis represents
mainlya siliceous introduetion from some distance, and a departure of
a certain amount of alumina, lime and potash, and that myrmekite is
developed at the simultaneous expense of the plagioclase and the micro­
cline. But the introduetion of microcline is probably a late-stage event
and we prefer the interpretation of F. K. DRESCHER-KADEN (1948)
according to whom the potassie feldspar is formed later than the plagio­
clase, which is corroded by the potassie solution. There would crystallize
in chronological order: plagioclase, vermicular quartz, and microeline.
This phenomenon may occur in the absence of microcline, but this is
never the case in the migmatites of our region.

As aresult of this description, the gneiss appears to be quite common
without very definite characteristics.

Streaky gneiss. In relation to the previous category, the principal
differences are the folIowing :

1) amongst the ferromagnesian minerals which are naturally in very
much smaller quantity than in the previous case (frequently the
sum quartz + feldspars exceeds 90-95 0J0), it is mainly the proportion
of hornblende that decreases. Biotite is the most abundant dark
mineral, and determines the foliation.

2) microcline is much more widely distributed, as is quartz.

3) muscovite is also more developed.

The introduction of material, especiaIly of alkaline elements, IS

clearly more important.

Homogeneous gneiss. Here the proportion of dark minerals is
even less, while that of microcline and quartz continues to increase. This
last mineral forms large grains which interpenetrate each other in a
finger-like manner; moreover, it contains tiny inclusions aligned accord­
ing to a crystallographic direction, in one, two or three parallel rows,
oriented or not in a single crystal; the size of these inclusions unfortun­
ately does not permit microscopic identification (in all probability they
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are Boehm lamellae due to strong deformation). Plagioc1ase is sometimes
less abundant than microc1ine; it is often difficult to distinguish between
true perthitic (PI. 1 fig, 1) and anti-perthitic associations, which make
sporadie appearances, and the replacement of one by the other (gener­
ally of the plagioc1ase by microcline, but albitization phenomena also
occur). Hornblende is practically always absent.

Approximately 2.5 km NE of lake 470 m, covering to the E of the
great N10E fauIt a more or less circular surface of about 100 m in dia­
meter, a rock truly granitic in aspect, crops out. It is homogeneous,
coarse-grained, massive, with a pink or brick-red colour. The transition
to the white homogeneous gneiss of which it represents but a facies, is
gradual, and occurs in the space of a few dm. Microcline and plagioc1ase
are even more abundant than quartz, the other components being
phyllosilicates (muscovite, chlorite, biotite). The colour is due to a fine
pigmentation by hematite. In spite of the proximity of the great mylo­
nite, there has been no crushing, the only effects being a certain local
torsion in the twinning of the feldspars and the displacement of some
microfauIts.

Consequently, from the point of view of petrographic composition,
one may see that these gneisses vary from quartz diorite, through
granodiorite, to a calco-alkaline granite, the three types corresponding
grosso modo to the three categories hereabove defined.

Gabbro -anortho si tes. In the case of a typical sample, one observes
a granoblastic texture assembling the following minerals: a) a plagio­
c1ase, the principal component, intensely twinned and zoned, an import­
ant character about which we shall say a few words further on. The
amount of twinning (often complex) is apparently inversely proportional
to the intensity of the zoning. The composition varies between that of a
positive andesine (about 45 °/oAn) and that of a labradorite, constituting
generally the centre of the grains. Originally it was probably even more
basic, but a certain amount of lime has contributed to the formation
of extremely dense accumulations of small c1inozoisite crystals. More­
over, alteration produces sericite. It contains quartz inc1usions. b) a bio­
tite, very abundant, strongly pleochroic (green~dark green-brownish­
red brown-reddish), in long lamellae with inc1usions of reticular rutile
and zircon, producing dark halos. c) a green hornblende tending to have
idiomorphic outlines, in big, slightly chloritized crystals. d) epidote in
large brownish grains, containing quartz and calcite inc1usions, sur­
rounding here and there a crystal of allanite. As accessories one must
mention : e) muscovite, colourless or with a slight pink tinge. f) chlorite,
often fibrous Ol' in c1usters, associated with hornblende and biotite. It
also contains reticular rutile. g) sphene, abundant, sometimes in
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very big grains, with a slight pink pleochroism, replacing ilmenite.
h) apatite, i) calcite, j) limonite, all three in insignificant quantities.
There is usually no quartz, but a few secondary grains may be found
scattered in the mass. Microcline is just as rare.

The zoning of the plagioclase is an important phenomenon, the
interpretation of which must only be put forward with care. In the first
place, it is difficult to say whether it is an original character, or whether
it is due to the effect of metamorphism (recrystallization in particular
conditions). In view of the transformations through which the gneisses
have passed, one would expect original zoning to be destroyed; but
this is not at all certain since the gabbro-anorthosites have probably
offered more resistance to these effects than other rocks, which would
explain that they are the only ones to possess zoned feldspars.

From there to considering it as a primary character there is but
a step. In this case, the original rock might be a gabbroic or anortho­
sitic sill.

Rust-Zones.

Whether it be in the infrastructure or the suprastructure, one ob­
serves here and there zones, the colour of which is that of rust, hence
their name. They form bands, lenses or patches. Two types may be
distinguished.

1) In the greenschists. Here they constitute mainly concordant
bands or lenses, usually 1-20 m wide, some tens to hundreds of m, even
several km in length. They are ferruginous schists, the composition of
which indicates generally a recrystallization in the first greenschist sub­
facies, according to F. J. TURNER and J. VERHOOGEN (1960). The matrix
is principally formed of small crystals of quartz, fibrous veinlets of
stilpnomelane, slightly greenish lameIlae of chlorite, tiny grains of
sericite, streaks of limonite and rare crystals of albite. In this mesostasis
are embedded cubic grains of pyrite at different stages of limonitization.
Sometimes only skeletons remain; elsewhere they have been completely
removed. According to H. RAMBERG (1948), as well as A. NOE-NYGAARD
and A. BERTHELSEN (1952), the sulphide content of these schists indi­
cates a sedimentary origin, which is confirmed by their concordance
with the enclosing rocks.

2) In the gneiss. Two cases may occur:

a) they may be relics of the above-mentioned ferruginous schists.

b) more often they are due to iron exudation, caused by the crushing
of the ferruginous minerals (amphibole, biotite etc.). In mylonites,
rusty spots and patches are frequent.
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Fig. 16. Pineh- and-swell struetures in eoneordant or slightly diseordant pegmatites,
in a banded gneiss. S eoast of Akuliaruserssuaq.

Pegmatites and Aplites.

As in every migmatitic complex the cortege of pegmatites, aplites
and other veins of various nature, is very well represented. Most of them
are simple pegmatites, common exudations of the mobilized environment
undergoing granitization.

Aspeet. They are mainly vertical, sometimes inclined masses. Their
course may be rectilinear or sinuous. They may form lenses or sheets
of more or less constant thickness, discordant or not with the folia­
tion of the country rock, or bodies without a well defined outline. Their
thickness varies from 1 mm to nearly 50 m, their length from a few cm
to a few hundred m. We have also observed a few horizontal pegmatites.

The contact with the enclosing rock is often sharp, without a more
finely crystallized zone or diffuse edges. Sometimes feldspar porphyro­
blasts grow in the gneiss near to the pegmatite.

Pinch-and-swell structures (Fig. 16) are frequent but limited to
concordant or slightly discordant veins, whereas small ptygmatic folds
(indicating compression) are characteristic of veins which c1early cut the
foliation, and in particular of aplites. This would correspond very well
to the hypothesis according to which aplites are formed during a phase
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Fig. 17. Cross-cutting aplites with ptygmatic folding and pinch-and-swell structures
in concordant pegmatiles. The veins belong to several generations. The black speck
in the large pegmatite (aboul 40 cm wide) at the top of the figure are composed

of magnetite. E coast of Akuliarusel'ssuaq.

of compression, while pegmatites are formed during a phase of expansion
both states folIowing each other rapidly, thus alIowing the birth of
numerous generations (Fig. 17). H. RAMBERG (1956), to whom is due an
important paper on the pegmatites of the W coast of Greenland, con­
siders that these stresses take place during the growth of the veins;
they are therefore contemporaneous with the crystalIization.

Most of these veins are of the replacement (not dilation) type
according to the criteria of G. E. GOODSPEED (1940), but occasionalIy
one may observe CUI'ious cases which may be interpreted in several
mannel's. In the case of Fig. 18, for instance, the foliation of the gneiss
has been bent back, indicating a certain displacement. Did this take place
before, during Ol' arter the emplacement of the pegmatite? It is likely,
mainly because the vein, 1 m in width, does not seem to have been
submitted to mechanical stress, that the torsion was synchronous with
the (slow) crystalIization.

These sheets start and stop in a very sudden way, either because
the zone where the crystalIization has taken place has come to
an end, Ol' because there is a change of lithology, Ol' for some other
reason.
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Fig. 18. Bending of lhe gneissic foliation on either side of a large pegmatite (about
1 m wide). The deformation is probably contemporaneous with the ellIplacement

of the vein. ~orthern extremily of Kangerdlugssuaq.

Colour. All are leucocratic apart from some basic veins, and the pre­
dominant colour is white, but a certain amount of iron tinges the rock
in pink, red-brown or violet. The presence of eu produces green spots
of malachite. Microcline may also add a pink nuance.

Grain-size. Between aplite and pegmatite there exist all transitions,
and sometimes in the same vein. The variation may occur lengthwise
but more frequently from edges to centre. One may note aplitic marginal
zones with a coarse-grained centre, or the contrary. In general the grain­
size is about 1 mm for the aplites, 1 cm for the pegmatites, reaching
5 cm in certain cases.

Distribution. Few veins penetrate into the suprastructure. They are
mainly truly concordant or drawn out in concordant lenses by the
shearing of this zone.

It is in the zone of transition to the infrastructure that the pegma­
titic network attains maximum density. There, numerous generations
of veins form the agmatitic zones (Fig. 19), separating amphibolitic and
biotitic blocks, and causing the formation of syn-migmatitic micro­
folding.

167 3
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Fig. 19. etwork of pegmatites and aplites belonging to several generations, in the
agmatitic zones. S coast of Sermiligårssuk.

In the infrastructure they are ubiquitous with strong local concen­
trations such as the ones neal' pt. 490 J of Eqaluit, between lakes 280
and 240 in the middle of the area, where they constitute nearly 50 Ofo
of the total surface, and NE of lake 470. In these two last cases, however,
tectonic factors are very probably to be taken into consideration, as
we shall see further on.

Pegmatites, which infiltrate into zones of weakness, are more abun­
dant in basic lenses as these react to mechanical stress rather by fissura­
tion than by plastic deformation (H. RAMBERG, 1956). In the quartzo­
feldspathic gneisses, the most common case is that of the small concor­
dant vein. The pegmatites seem to become rarer with the disappearance
of foliation and with the homogenization of the rock.

The big pegmatite lenses are generally discordant, and in our region
are practically strictly composed of quartz.

Petl'ology. According to E. RAGUIN (1957), one may divide these
rocks into two categories.

a) The simple pegmatites. This is the most largely distributed type,
with granoblastic, xenomorphic, more Ol' less equigranular texture. The
dark minerals never exceed a proportion of 5-10 Ofo.
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Quartz. Veryabundant. It forms interstitial grains, and drop-like
inclusions in the plagioclase with which it is associated in the formation
of myrmekite.

Plagioclase. It is an albite, sometimes slightly calcic (5 OfoAn), in
one case an oligoclase (about 20 OfoAn). It shows good twinning and
alters to sericite, the flakes of which are oriented in the direction of the
cleavages of the crystal.

Microcline. It is generally fresher than the plagioclase and often
contains flame-like microperthitic inclusians af albite. Here and there
one observes true albitization. The proportion between microcline and
plagioclase varies, but they are often in equal quantities.

Biotite. It forms green or brown lamelIae with a mainly green­
calourless, or paIe brown to dark brown pleochroism.

Chlorite. It is generally more abundant than biotite and is light
green in colour.

Muscovite. Forms quite big lamellae.

E p i d ot e. Its brownish or yellow grains often contain an orange
crystal of allanite.

Sphene. It forms pink grains showing slight pleochroism, generally
altering to a mass of leucoxene and surraunding grains of ilmenite.

A p a ti te. Small, rare rods.

Or e. A littIe magnetite, limonite or hematite.

~::"....:..,......,...,.L-- Quartz

L.-----oJ

O 10 cm
Fig. 20. A zoned pegmatite with mainly feldspathic margins and a purely quart­

zilic centre.

These rocks may be attributed to the family of the alaskites (kali­
alaskite-aplite, according to A. JOHANNSEN, 1931, and J. E. SPURR, 1923).
They grade quite frequently inta veins of pneumatolytic quartz, with

3*
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Fig. 21. A zoned pegmatite with margins composed of well formed quartz crystals
and a central part composed of long fiakes of green biotite, running more or less

in the direction of th pegmatite.

muscovite and/ol' tourmaline ; these may be considered as degenerate
products of the pegmatites through the disappearance of the feldspars,
especiaJly as the distance from the granitization front increases, quartz
migrating farther than the rest. Tourmalinites are also to be found in

-:---- Biotite

~~---Quartz

L--.....J

O 10 cm.

Fig. 22. Schematized disposition of the pegmatite in Fig. 21.

this cortege and we relate, consequently, certain tourmaline vems m
our area to this same pneumatolytic activity.

One of these veins displays a very pleochroic schorlite (light brown
Ol' pink to green-blue, dark green Ol' black), which forms at least 80 Ofo of
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the rock; it is accompanied by some sericite, either interstitial Ol' in veins,
big lameIlae of muscovite, abundant calcite, in veins of several genera­
tions, a few veinlets of limonite, very rare small grains of albite, and
one Ol' two crystals of magnetite.

When quartz and feldspar coexist, one frequently observes a sort
of zoning: the edge of the pegmatite is composed of feldspar only, mainly
plagioclase, the centre of the lens being pure quartz (Fig. 20).

Let us examine a few examples of quartz veins without feldspar.
In Fig. 21, the detail of which is schematized in Fig. 22, another sort
of zoning appears. Here well formed crystals of milky quartz form the

>-/--- Ainphibolite

.~----Biotitite

~-----Pegmatite

L---I

O la CI11

Fig. 23. Replacement, over a few cm, of amphibole by fine f1akes of biotite in an
amphibolitic lens, due to the emplacement of a smal! pegmatitic vein.

marginal zone, whereas the centre is constituted by flakes of green
biotite which is by far the most abundant dark mineral. In the centre
of the biotitic mass, there are frequent specks of magnetite. Moreover,
one may find, in relation to these veins, limonite, tourmaline, chlorite,
epidote, apatite, sericite-muscovite and sometimes a littIe pyrite Ol'

chalcopyrite. Quartz is milky rather than transparent. Under the micro­
scope it always shows wavy extinction and is more often xenomorphic
than idiomorphic.

We observed at the contact between one of these pegmatitic veins
and an amphibolitic lens, the replacement over a few cm of the am­
phibole by a finely crystallized biotite (Fig 23).

Allanite may be particularly well developed. Large crystals up to
3 cm in length are usually surrounded by typical radial cracks (Fig. 24).
They form small, local concentrations Ol' clusters and are practically
always altered to iron-oxide. This transformation is accompanied by
loss of radioactivity.

b) The complex pegmatites. They form ill-defined masses rather than
sheets and vary considerably in size. Hydrothermal activity and pneuma-
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Fig. 24. Large crysta1s of allanite surrounded by typica1 fissures. They are usually
transformed to iron-oxide with 10ss of radioactivity. Eqa1uit.

tolytic emanations have played an important part in their genesis. They
include the ultimate residues of differentiation.

An instructive example is the folIowing : a pegmatite containing
large lamelIae of muscovite also shows spots of malachite, caused by
a littIe chalcopyrite. Quartz, albite, epidote, chlorite, biotite, pyrite,
antigorite, muscovite and a littIe leucoxene are also present. Moreover,
there exists a pink garnet with numerous cracks in which sporadie
biotite, chlorite, cpidote and ore appeal' as alteration products; it also
reveals a certain heterogeneity (slight local birefringence), and may
be classed in the group of the pyralspites. It is most probably a
spessartite.

Finally, in a pegmatite, where grains of magnetite are disserninated
here and there, we found (apart from quartz, microperthitic microcline,
sub-idiomorphic albite, epidote, ore and apatite) a few grains of colour­
less allotriomorphic fluorite, related to the quartz and sometimes slightly
birefringent. This is however the only case in which fluorite was en­
countered.

Petrogenesis. It is possibIe that most of these pegmatites were
formed by slow diITusion of acid material in zones of weakne s. More-
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over, in the external zones pneumatolytic activity certainly played an
important part.

The formation of these veins is closely related to tectonics. Strong
compression commonly produced exudation of siliceous material towards
zones of low pressure, and formation of quartz veins, i.e., in particular
in the cores of folds, and in the interstices of zones of intense shearing.

The Ultrabasic Rocks.

Several lenticular bodies of ultrabasic rocks are to be found in our
region, and as any contribution to this much debated problem may
prove useful, we are now going to give a detailed description of them.

The distance that separates one lens or one set of lenses from
another is quite considerable. Bodies are generally 1-15 m wide, and
2-150 m long, sometimes even exceeding this last figure. Their form
is clearly lenticular, with a pronounced swelling in the middle. The
colour of weathering may be dark green, blue, brown, orange or beige;
the fresh rock is mainly dark green, sometimes practically black. Their
hardness varies greatly, according to the proportion of tale, and they
have a high density.

They commonly form small mounds jutting well above the surface
of the gneiss. The elongation of the lenses is nearly always concordant
with the foliation of the country rock. In the case of slight discordances
the angle is about 10° and reaches in one case 30°. One must 'draw

•
attention to the fact that, if the elongation is not well defined or if
the form of the lens is irregular, estimation of its direction may prove
difficult.

Petrographically, these ultramafites all enter into the category of
serpentinites, probable transformation products of peridotite or dunite
intrusions.

A typical lens, near Angmassivit, is composed of a rather hard
and compact rock, the surfaee of which is brown to brick-red, the
fresh colour being green to blue-green. The grain-size is fine, and with
the naked eye one distinguishes small lamelIae of phyIlosilicates as
well as grains of ore. At the edge of the lens the rock grades into musco­
vite- and talc-bearing schists.

The microscope reveals a mesostasis of heteroblastic texture com­
posed of fine flakes of colourless serpentine (antigorite), non-oriented
and fibrous; in this are embedded lamelIae of colourless or slightly
brownish chlorite, scarcely or not pleochroic, displaying weak dispersion.
These lameIlae are frequently bent, indicating that they have undergone
a certain amount of stress. The cleavages are well defined and even
underlined by alteration to ore (magnetite and some limonite) which
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fills the interstices. As the angle 2V attains 20-30° it is probably a
c1inochlore. Moreover, one notes some sericite in small grains or flakes,
and a few crystals of calcite and apatite. Consequently there remains
no relic of the original minerals.

In the amphibolitic and chloritic schists of the suprastructure in
the northern part of our territory, a small lens (50 cm) is constituted
by coarse talc-bearing schists, quite microfolded, with small, light or
dark veinlets. The rock contains carbonate crystals about 1 mm in
length. The talc is outwardly greenish and dark, but when one scratches
the superficial layer, the typical white colour appears.The microscope
reveals a lepidoblastic texture composed of tiny lamelIae of talc;
dolomite is very abundant, sometimes twinned; moreover, there are
some veinlets of green chlorite and a considerable amount of ore (magne­
tite-limonite) scattered almost everywhere in small, sometimes idiomor­
phic grains (PI. 2 fig. 3). As regards the total composition of the rock, ore
attains 3-7 %. Amongst the carbonates, there mayaiso be some ankerite
and calcite; grains of sphene-Ieucoxene are extremely rare.

Consequently, according to the description of serpentinite evolu­
tion in increasing metamorphic stages put forward by various authori­
ties (F. J. TURNER, 1948, H. WILLIAMS, F. J. TURNER and C. M. GIL­
BERT, 1955, and A. HARKER, 1956), the transformation is here slig:htly
more advanced than in the preceding case.

Another instructive case is the one we observed on the SW coast
of Eqaluit bay. There a serpentine lens, as it approaches a quartzo­
feldspathic pegmatite, grades into talcschists followed by first white then
greenish tremolite (tending towards actinolite in this last case, PI. 3 fig. 1),
and finally, in contact with the pegmatite, to biotite. A littie further
on the pegmatite is double, and the veins of biotite are symmetrical
in relation to the tremolite vein (Fig. 25).

Let us examine this transition under the microscope.

A) The serpentinite. It is a hard, compact rock; its weathered colour is
light brown or greyish; when fresh it is grey or white. Minute grains
of ore (0.1 mm) are visible with the naked eye. The groundmass of hetero­
blastic to catac1astic texture, is composed of lamelIae of antigorite which
are colour1ess, not oriented, and are the result of the transformation
of olivine at different stages. This last is a forsterite, and slightly
ferruginous; it is still abundant and attains 20-30 % of the rock. Its
fissures are filled with ore (magnetite-hematite), and certain grains with
a cloud of minute serpentine crystals. Weak zoning is sometimes appa­
rent (variation in iron content during crystallization). Magnetite also
forms big grains and attains proportions between 10-15 %. There is no
chlorite.
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This is the only case where we have observed a considerable quan­
titY of residual olivine. It seems that the original rock may have had a
strong tendency towards dunite.

B) The talcschists. The rock is compact but very soft, quite dense,
superficially green, white when fresh. The surface is shiny and streaked.
The very fine groundmass is composed of grains and plates of talc; in
this mass are sometimes embedded idiomorphic grains of magnetite

...----- Tremolite

Biotite

Pegmatite

~

O 50 cm

Fig. 25. Tremolite grading into biotite towards the contact with two parallel bran­
ches of a pegmatite vein. SW coast of Eqaluit.

(3-5 Ofo), and some hematite. Small nests of serpentine appear here and
there, and are composed of imbricated fibres. This rock is therefore a
steatite.

C) The tremolite vein. This vein is monomineralic, and solely formed
of needles of colourless or slightly greenish or brownish tremolite, the
longest of which attains 1-2 cm, varying in average around a few mm.
In the interstices they are practically sub-microscopic. One may call
the texture lepido-nematoblastic; there exists only locally a preferential
direction. Considerable twisting, even microfolds are visible in the fibres,
demonstrating the marked stress to which they have been submitted.
The change of colour underlines a transition to greener actinolite. The
extinction angle ZAC is generally about 20°.

D) The biotite veins. Here the biotite lamellae, generally about 1
cm large, run, apparently, more or less in the direction of the pegmatite.
But the microscope reveals that this orientation is only local. The colour
of this biotite varies according to the following pleochroism: colourless
to brown. The 2V angle is extremely small, the birefringence medium
to strong and the refringence slightly above that of Canada balsam.
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The extinction is sometimes undulatory. This biotite belongs to the
phlogopite-eastonite series and is therefore magnesian with a slight iron
content. Some small needles of ore appear in the cleavages.

This reaction between ultrabasic lens and pegmatite is very inter­
esting, since it shows the possibIe effects of general granitization on this
family of rocks. F. J. TURNER (1948) describes, moreover, transforma­
tions in which one sees serpentine grading into talc, then into tremolite­
actinolite, and finally into biotite in conditions characterized by a rise
of temperature and an introduction of silica. These conditions have been
completely fulfilled during the emplacement of the pegmatite.

Petrogenesis and emplacement. Like the country rock these serpen­
tinite lenses show littIe variation in their degree of metamorphism; it is
the same in both cases, indicating, therefore, that they have probably
both undergone the same transformation. They show, moreover, pratic­
aIly no variation in aspect or in mineralogical composition, in zones of
different degrees of granitization. This would tend to show that these
ultramafites oppose strong resistance to this process, which is not sur­
prising on the part of these very homogeneous masses.

The distribution of the lenses, their position in relation to the big
structures, their concordance with the directions of the encasing rock,
all this induces us to believe that we are in the presence of a horizon
which follows the big folds, and that consequently its emplacement
pre-dates their formation, during which it was drawn out, boudine and
metamorphosed. Apparently, it came into existence before any tectonic
movement.

It seems therefore to us that these sporadic lenses constitute a sill
emplaced in the geosyncline and interstratified in the fresh and water­
filled sediments. In the Ivigtut area, as in many other regions of the
world, it is quite evident that this group of rocks belongs to the ophiolitic
cortege. As for the sill itself, it may very well be locally multiple, with
a variable number of members. Moreover, it may present irregularities.
N. L. TALIAFERRO (1943) states about the serpentinites of California
that, whereas they are essentiaIly concordant, the sills, small and large,
frequently transgress the stratification and vary in thickness over short
distances, and also that it is not rare to find a single thick sill on one
side of a syncline, and on the other side a number of thin sills, separated
by beds of sedimentary material.

This problem is particularly well represented to the E in the region
mapped by .M. WEIDMANN, who has studied it with some detail.
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B. Ketilidian Tectonics (PI. 11 and 12).

43

The building of the Ketilidian mountain chain is quite complicated,
as would be expected in any Pre-Cambrian belt. The history of the
various events, the succession and relations of the different deformations,
were only brought to light through the application of the following
methods:

1) Careful measuring of all structural elements, including strike and
dip of foliation, schistosity, lineation, elongation (of lenticular bodies
for instance), strike and dip of microfolds, trend-verticals (direction
of small fold-axes), striation and cleavage.

2) Structural analysis as put forward by C. E. WEGMANN in several of
his papers (particularly 1929a and b, 1930, 1935, 1951).

3) Systematic plotting on Wulf diagrams (nets).

As will be seen, this analysis has once again revealed the necessity
of considering all sides of a problem. Many points concerning petrology
and lithology are quite easily cleared up when placed in their structural
setting. Of course, some areas are still clouded in mystery, and probably
will remain that way (areas of homogeneous gneiss for instance), but
that is all the more reason to try and find the answer elsewhere.

This leads us very normally to the consideration of the validity
and meaning of what we measure in the field (and, therefore, of what
we plot in diagrams).

a) In the suprastructure, composed of schists, there are various types
of S-planes, amongst which a vertical or sub-vertical (slaty) cleavage
is predominant. This cleavage, which, in the opinion of L. U. DE SITTER
(1960a) is characteristic of the suprastructure, has obliterated nearly
all primary structures. A few small, steep folds have been observed,
which show that this schistosity is at least parallel to the axial planes
of the main folds, if not to the original bedding outside the zones of
"charnieres". This cleavage is most probably of the dynamic type,
but some of it may be due to load metamorphism. In any case, it is
another example of coincidence betwecn schistosity and bedding (H. H.
READ, 1957). Similar observations can be made in the tight folds of the
Devonian and Silurian schists, on the borders of the Hospitalet-Aston
massif (Central Pyrenees; H. J. ZWART, 1960).

The suprastructure has also undergone intense shearing (particu­
larly evident in the boudinage and drawing-out of discordant pegma­
tites; refer to the chapter on pegmatites) due to the tectonic discordance
between suprastructure and infrastructure, producing a superimposed
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Fig. 26. hearing producing irregular microfolds and strain-slip cleavage in the
green chists of the suprastructure.

yertical schistosity parallel to the border between the two units.
This border is itself parallel to the main axial plane. Measuring S-planes
in this zone, therefore, usually amounts to the measuring of the strike
of this axial plane.

During the shearing-stage, irregular microfolds and strain-slip
c1eavages were formed (Fig. 26).

b) The foliation of the gneiss in the infrastructure is considered to
coincide with primary bedding but not necessarily with bedding-planes,
i. e. the original planes of discontinuity. The process involved is mainly
mimetic crystallization (H. H. READ, 1957).

This affirmation is based mainly on two facts: 1) in some places,
where there exists a gentie transition between regularly banded gneiss
and practically untransformed sediments, the concordance between
foliation and bedding has always been observed; 2) the rare horizons
that ean be traced for some length are all concordant with the foliation.
These are: concordant amphibolitic layers (probably old basic sills) ,
rust-zone (almost certainly the transformation of sedimentary beds),
and the gabbro-anorthosite series.

A. OE- JYGAARD and A. BEHTHELSE:\' (1952) consider that the
foJiation of high-metamorphic gneiss in the Nagssugtoqidian belt (West
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Fig. 2? Disharmonic microfolds in an incompetent layer composed of amphibolitic
schists, overlying a competent massive quartzo-feldspalhic bed. Syn-migmatiti,;

deformation.

Greenland) coincides with bedding, except in the case of incompetent
layers of hypersthene-bearing gneiss where "the development of the
foliation planes seems to be related to small-scale folding of the drag
fold type".

We have also observed disharmonic small-folds in incompetent
layers. Fig. 27 shows a good example of this phenomenon in an amphi­
bolitic schistose layer, on top of a quartzo-feldspathic competent bed.
This type of deformation is most probably syn-migmatitic rather than
pre-migmatitic. Consequently, in this exceptional case, the foliation
does not represent primary stratification.

The "stockwerk" folding (C. E. WEGMANN, 1935) of the Ketilidian
orogeny has been divided into three phases during which intense de­
formation occurred:

A) a N-S to N E pre-migmatitic phase.
B) a major WNW migmatitic phase.
C) a NE to ENE mainly post-migmatitic phase.

Deformation was practically continuous. At least, there is no appar­
ent break between the difTerent phases. This concords with the conclu­
sions of J. SUTTON (1960) and L. U. DE SITTER (1960 a). The eITects of
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metamorphism attained maximum intensity during the second phase,
and thereafter diminished more or less progressively.

The consequence of these three tectonic events, to which one must
add crossfolding (contemporaneous with the different phases), is the
creation of complicated structures and wild-folding.

We will now examine the detail of each phase.

The N-S to NNE pre-migmatitic folding.

E. H. KRANCK (1957), in his general schema on folding movements
in the zone of the basement, considers that during the first stage, strong
mechanical deformation occurs in supracrustal conditions. There is littIe
recrystallization. Subsequently, this deformation will "be recognized
only locally, as fragments in the migmatitic gneisses and granites."
Linear structures and foliation are contorted or bent by later movements.

In some parts of the Ivigtut region, this phase resulted in important
repetitions due to small- and large-scale recumbent folds. Small, slightly
overturned isoc1inal folds seem to be the main consequence in our area.
The general style suggests that the formations in which this deformation
took place, were composed essentiaIly of schists. Migmatization was
therefore most probably absent. The effects of metamorphism, if any
at all, were weak.

The places where this phase is particularly evident are:

1) E of Qerrulik. A few small anticlines and synclines may be observed.
The direction of their axis is N5-20E.

2) N of Akuliaruserssuaq. Several micro- and small-folds are slightly
overturned to the W; their E flank is gentIe, and their direction
practically N-s.

3) W coast of Kangerdlugssuaq.
4) S of summit 590. Here the direction of a microfold is N168E.
5) E of summit 500. Folds 50-100 m in extent, and some microfolds,

are slightly overturned to the NE. Their direction varies between
N160E and 165E.

6) Here and there in the suprastructure flexures may be seen in the
vertical schists. The folds and microfolds themselves are usually
vertical.

This last feature appears to be fairly constant throughout the area:
the dip of the older fold-axis is nearly always that of the younger folia­
tion (second phase). This means that the older axis was probably hori­
zontal and constant before the subsequent deformation. It is also proof
of the existence of this first phase in case one should wonder whether
these folds are not just crossfolds belonging to the migmatitic phase.
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The relation between the two is equally underlined by the faet that
the more or less perpendicular angle between the two fold-traces has
been preserved, even where the later one has undergone a change of
direction (Fig. 28).

After elimination of the effect of the subsequent phases, the general
trend of this fold-axis appears to be N-S to NNE.

I

\
]I

Fig. 28. The more or less perpendicular angle between the fold-axis of the first
tectonic phase, and that of the second, is preserved, even where the latter has

undergone a change of direction. This demonstrates their relationship.

The WNW migmatitic folding.

During this main phase infrastructure and suprastructure became
individual units. The rocks of the infrastructure attained a particularly
mobile and plastic state through the effects of migmatization.

The main elements are, from S to N:

1) A narrow and very steep sync1ine, slightly overturned to the S.
No "charnieres" are visible; the heart of the fold is marked by layers
dipping at an angle of 70 to 80°, elsewhere practically sub-vertical
("sync1inal pince").

2) A vast brachyanticline. This large arch stretches right across the
southern part of our territory. It is also slightly overturned, at least
dissymmetrical. Strike and dip of the axis varie from W to E. an the
W coast of Akuliaruserssuaq, the strike is approximately ENE, and
the dip about 20° to the W. As one goes towards the E, the strike becomes
progressively E-W, and finally WNW; the dip tends to become hori­
zontal (with local variations), and actually dips to the E as it enters
into the region mapped by M. WEIDMANN. The axial culmination is
situated practically at the limit between the two areas.

The zone of the "charniere" is very large and usually complicated
by: a) contemporaneous small-folding with the same fold-axis. b) con­
temporaneous crossfolding. c) the pre-existent folds of the first phase,
which become crossfolds belonging to J. SUTTON'S fourth category (1960):
"crossfolds brought to their present position by distortion during later
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Fig. 29. A gentle, open "charniere" in the vast, southern dorne. The rock is banded
amphibolitic gneiss. Akuliarusiarssuk.

folding." Where all three complications exist simultaneously, the conse­
quence is "wild-folding." In some places though, the "charniere" is
composed of a very gentIe, open structure (Fig. 29).

It is in this brachyanticline that garnets and the lenticular gabbro­
anorthositic bodies are to be found.

3) Another steep syncline. To the E, the core of the fold is prac­
tically vertical, whereas, W of Akuliarusiarssuk, the axial plane becomes
less inclined, underlying the folIowing structure.

4) A large anticline. The variations in the strike and dip of the fold­
axis are important. From E to W, the strike turns from WNW to E-W,
to ENE, NE in the region of Akuliarusiarssuk, and back to ENE at
Akuliarusinguaq. At the same time, the fold which is only dissymmetrical
to the E (steep S flank, gentIe N flank) , becomes more and more over­
turned and finally recumbent, in the region of Angmassivit, the axial
plane dipping at an angle of approximately 40°. Moreover, the dip
of the fold-axis becomes increasingly inclined. In the NE, it is more
or less horizontal; with the quite violent change of direction, it begins
to plunge to the SW, and very rapidly attains an angle of 40 and finally
60°. This variation is emphasized by the minor folds.

The style of the fold is illustrated by the microfold in Fig. 30.
Note the concentration of pegmatitic material in the core.
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Fig. 30. A microfold illustrating the style of the recumbent anticline. In faet, il
is a very good replica of the main structure. ote the concentration of pegmatitic

material in the core.

In the zone of transition between the braehyantieline and this
reeumbent fold, one may observe a ehange of style in the small folds,
whieh beeome progressively narrower, and more frequent. One has the
impression that they were squeezed together. In some plaees faulted
antic1ines were formed. The general trend of these folds, before de­
formation by later movements, was W W.

5) The suprastrueture. FolIowing on, eoneordantly to the foliation
of the infrastrueture in most pIaees, a large, deep and steep synelinal
wedge-like strueture shows the aIready mentioned isoelinal folds and
vertieal to sub-vertieal sehistosity. C. E. WEGl\1ANN (1938) has summed
up this relationship by stating that "the synelinal strueture of the supra­
strueture is not the internal strueture of the eomplex, but indieates its
boundary towards the metamorphie areas (infrastrueture). Thus it has
eome into existenee during the granitization."

The alternation, to the SW, between non-migmatitie bands and
granitized zones eorresponds usually to steep sync1ines and antic1ines,
but the emplaeement af some gneissie wedges is due to the effects of
erush-zones.

In all pIaees, the suprastrueture lies on top of the infrastrueture,
and in a sync1inal position. The very faet that the greensehist areas are

167 4
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in depressed zones explains why they have escaped removal by the action
of erosion.

One of the consequences of its position is the appearance towards
the S of the southernmost band of greenschists; this is due to the in­
creasingly plunging axis of the infrastructure which permits higher
levels to be preserved. But the axis of the suprastructure is only locally
concordant with that of the infrastructure. This is evident N of Eqaluit
where the migmatites plunge at a much steeper angle than the green-

NW

'----'
Suprastructure. o

S: Syncline
5Km

SE

Fig. 31. Schematized cross-section through the whole territory, oriented approxi­
mately NWISE through Akuliarusiarssuk.

schists; at the same time, there is a difference in the strike of the two
fold-axes.

As do most features (fauIts, dykes, foliation), going towards the
E, the direction of the suprastructure tends to become E-W. This is
a very general characteristic.

The above schematic cross-section (Fig. 31, drawn approximately
from NW to SE through Akuliarusiarssuk) shows the dejective style
of these structures, and bears a striking resemblance to the one drawn
by H. J. ZWART (1960) through the Hospitalet-Aston massif, in the
Central Pyrenees.

The tectonics and style of the infrastructure agree closely with
the description of several other authors. The main characteristics are:

1) Big recumbent flow folds. J. HALLER (1956) has given detailed
accounts of various types of migmatitic folding, and nappe-structures,
emphasizing this common feature.

2) Plastic up-doming. The whole infrastructure of our area may be
considered to be one big dorne, the heart of which is situated in the
resistant region, NE of lake 470, composed of homogeneous and granitic
gnelsses.

3) Emplacement of considerable pegmatitic material, mainly in ten­
sion joints related to the general structure. Laccolithic pegmatites in anti-
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elinal "charnieres" are not uncommon (A. NOE-NYGAARD and A. BER­
THELSEN, 1952).

4) Extensive feldspathization, especiaIly in zones of tectonic move­
ment.

5) Tilting of the vertical cleavage of the suprastructure due to
the up-doming.

6) Late-stage shear-zones along the boundary between supra­
structure and infrastructure, particularly along the border of the mig­
matite dornes (E. H. KRANeK, 1957).

7) On a small scale, drag-folds, crenulated-folds and arrowhead
structures were formed.

The use of the Wulf-net proved to be indispensable in the un­
raveIling of some of the complicated areas. Fig. 32 shows an example
of a simple "charniere" in the brachyanticline, E of Qerrulik, whereas
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Fig. 32. An example illustrating the use of the Wulf-net. A simple "charniere" in
the brachyanticline has been plotted. Dispersion is weak. E of Qerrulik.

Fig. 33 illustrates the combination of the first two fold-systems N of
Angmassivit.

To complete the pieture of this second phase, we must add that it
was during this stage that metamorphic and migmatitic effects attained
maximum intensity. It has been seen that recrystallization took place
in the three greenschist sub-facies, according to F. J. TURNER and
J. VERHOOGEN (1960), corresponding to the greenschist and epidote-am­
phibolite facies of P. ESKOLA (1920-1921). The relations between migma-

4*
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tization and tectonics are particularly interesting and will be examined
in a special chapter.

Dislocations are rare, as would be expected in the case of move­
ments involving very plastic and mobile rocks. Overthrusts, frequently
late features, are about the only manifestation of this kind, and their
extent is quite small (20-50 m). Nevertheless, the rock is usually finely
crushed, and quite often takes on a red tinge due to microc1inization.
A similar process is the one involving potassic metasomatism in the

N
o
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o

Fig. 33. An example illustrating the use af the Wulf-net. Here two fold-systems
intersect each other. In spite af same dispersion, the fold-axes are easily revealed.

N af Angmassivit.

crush-zones of calco-sodic granites (this is more or less our case), to
which H. and G. TERMlER (1956) draw attention. They consider that
this occurs at a point in the history of the orogeny, which marks the
beginning of a phase characterized by fracturation and fault-movements.
These features are then the dominant dynamic events as compared to
folding. The tectonic sequence in our area coincides very well with this
schema.

EIsewhere bluish patches may appear in crushed gneissic formations.
The answer to this colouration is to be found under the microscope,
which reveals small, urchin-like c1usters of fibres or needles showing
distinct blue pleochroism (dark blue to light blue or even colourless),
maximum absorption being parallel to the plane of the polarizer. This
and other characteristics indicate the presence of crocidolite or blue
asbestos (a magnesian, fibrous riebeckite or glaucophane, PI. 6, fig. 1.)
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The NE to ENE mainly post-migmatitic phase.

The efTects of this third phase are not very visible in our territory,
since they involve semi-plastic refolding, twisting and bending of the
previous folds on a very large scale. In faet, these late-stage movements
were only brought to light through the compilation and synthesis of
all field data, due to A. BERTHELsEN (1960 and 1961).

A definite bend in the vertical layers and fold-axes is visible in
the north-western part of the area mapped by M. WEIDMANN. The
adjacent area in our territory is composed of homogeneous gneiss which
unfortunately reveals nothing. Similar bending has been mapped by
E. BONDESEN on Sermenut island, SW of our area, and in the region
of Eqaluit bay, the plunging head of the recumbent anticline is violently
twisted and distorted. On a large scale the torsion-axis runs NE to
ENE, and should pass through our territory near the boundary between
supra- and infrastructure.

Since no complete bending is visible, we consider that the move­
ment might have resulted locally in shearing. This would account for
some of the phyllonitization and diaphthoresis of the greenschists. At
the same time, some displacement might have occurred, but this is
practically impossible to estimate.

It is plausible that late microc1inization belongs to this phase.
At least it follows very c1early the main stage of migmatization.

To sum up, one may state that difTerent phases of folding resulted
in the individualization of a suprastructure composed of greenschists,
and an infrastructure composed of migmatitic gneisses. The disharrno­
nie character of movements in each level generally created a structural
break between them. Transitional contacts are preserved only locally.

C. Metamorphism.

In view of the numerous transformations that occur during the
Ketilidian period as well as during the subsequent periods, it will perhaps
be useful to summarize the polymetamorphic history of these rocks.

1) During the firs t phase of folding (pre-migmatitic), it is possibie
that the original, essentially volcanic rocks underwent some degree of
metamorphism, since they were probably rendered schistose. But there
is no real proof to support this suggestion.

2) The second phase, as wc have already seen, marked the culmination
of metamorphic efTects. A slight and gradual increase in the metamor­
phic grade may be traced from N to S, or from suprastructure to infra­
structure. Grosso moda, we may define a narrow chlorite zone along the
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coast of Sermiligårssuk, a central biotite zone, and a southern garnet
zone.

3) Metamorphism may not have played a very important part during
the third phase of folding. If anything, retrograde dynamometamorphism
may have been responsibIe for part of the phyllonitization and diaph­
thoresis of the suprastructure.

4) As we shall see, a subsequent low-grade recrystallization occurs
during the Sanerutian period, with slight retrograde effects.

5) Hydrothermal and pneumatolytic activity made sporadic appear­
ances right through the evolution of the orogeny.

This may appear to separate metamorphism from migmatization.
Convenience only induced us to adopt this schema, and we hasten to
correct any false impressions. It seems most likely that "migmatization
is the prime cause of regional metamorphism" (H. H. READ, 1957).

D. Migmatization (PI. 13).

A detailed examination of the migmatization process reveals some
very interesting features. A complete front may be traced right through
from suprastructure to infrastructure. All the different terms defined by
M. ROQuEs (1941) and J. JUNG and M. ROQuEs (1952) are present. This
sequence and the corresponding "fieId" terms are displayed in the
folIowing table.

Facies.

Suprastructure .
Agmatites} Diadysites (epibolites, veined gneiss, discordant {
Phlebites and ptygmatic veins) .
Embrechites: Stromatites .
Arterites .
Stictolites .
Nebulites .
Anatexites .
Anatectic granite .

Field terms.

Greenschists
Agmatitic
Migmatites
Augen-gneiss
Banded gneiss
Streaky gneiss
Nebulitic gneiss
Homogeneous gneiss
Gneiss-granite

This "migmatitic stratigraphy" represents a succession of events
closely related in space mainly, but also in time (if one considers a
certain level). One could divide it into three main phases:

a) Feldspathization, producing big porphyroblasts of plagioclase.
This is particularly evident in the suprastructure where the subsequent
phases are absent (Fig. 34).

b) Migmatization, creating visibly and typically "mixed" rocks.

c) Granitization, resulting in the formation of a truly homogene­
ous rock.
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Fig. 34. Big porphyroblasts of plagioclase (about 2-3 cm in diameter) grow in the
greenschists of the suprastructure. This is an early stage in the process of migma­
tization, i.e. feldspathization, which usually precedes, in space as well, the front

of Lhe migmatites.

Transitions between these phases, as between the difIerent facies
of the sequence may be more Ol' less rapid, more Ol' less gradual. The
distance between the deepest terms and the suprastructure is variable,
the shortest being about 1500 m, and average between 2 and 4 km.

We have already mentioned in the chapter concerning the descrip­
tion of Ketilidian rocks the existence of a red granite, NE of lake 470.
In spite of its small extent, this rock is quite important, since it repre­
sents the final stage of this whole process, in other words the formation
of an anatectic granite, H. H. READ'S (1957) autochthonous granite.

Relations between migmatization and tectonics. One only has
to look at the map showing Ketilidian structures (belonging mainly to
the second phase) and the one representing the different migmatitic
facies to be struck by the close resemblance between the two. An inti­
mate connection is evident.

It is difficult to say that the formation of the big folds was any­
thing but syn-migmatitic. There are naturally three possibilities:

a) the migmatitic front rose more Ol' less horizontally in strata that
had already been folded during the first phase. It was then folded during
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the second phase. Thus the migmatitic facies followed the folds, with
some slight discordances.

b) migmatization was strictly contemporaneous with the folding of
the second phase.

c) migmatization took place at the end of the second phase, when
the folds were more Ol' less formed. Granitic material was introduced
concordantly along the planes of the structure. This is the most unlikely
possibility, since the typical style of the folds indicates that the rocks
must have acquired great mobility and plasticity before Ol' during their
deformation.

Since there is some hesitation as to the exact moment of the rise
of the migmatitic front, we prefer to call the second phase of the Keti­
ljdian orogeny syn-migmatitic. There is no doubt that migmatization
was closely controlled by tectonics. The clearest example of this faet
is to be found in the recumbent anticline N of Akuliarusiarssuk. Its
core is composed of homogeneous gneiss. As one goes towards the adja­
cent synelines, the degree of migmatization becomes progressively
weaker. To the W and SW, as the axis begins to dip towards the SW,
higher levels of the migmatitic sequence appeal' in the core as well.
However, there are some discordances. For instance, the homogeneous
zone in the core of this fold does not remain in the same position NE
of Akuliarusiarssuk. This mayaIso be due to late-stage effects. In any
case, concordance is the rule.

Such is usually the case between the arrested migmatitic front and
the primary bedding of the suprastructure. This is mainly due to the
presence of resistant layers which have prevented a further advance of
migmatization. These barriers are most probably quartzitic horizons.
Where these do not exist, unconformability occurs, and the higher levels
of the migmatitic front are largely developed.

Element migration and Metasomatism. The conc1usions of P.
LAPADU-HARGUES (1945) seem to flt in quite well with many facts that
we have been able to observe in our region. EspeciaIly evident is the
farther migration of sodium as compared to potassium, which remains
localized in deep zones. This accounts for:

a) the growth of sodic feldspars which precede the main bulk of
the migmatites;

b) the faet that, as migmatization increases, and banded gneiss
grades into streaky gneiss, amphibole is practically entirely replaced by
biotite;

c) the increase in the amount of microc1ine, going towards the
deeper leveIs. In the red autochthonous granite, the proportion of micro-
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eline is higher than that of plagioclase. As it has aIready been mentioned,
the formation of microcline is probably a late-stage event;

d) the fact that muscovite becomes increasingly abundant as one
descends in the migmatitic stratigraphy.

Other types of metasomatism include:

e) calcium migration. This is indicated by the formation of basic
oligoclase and amphiboles. Single crystals, patches and veins of calcite
are frequent; they seem to be more clearly late-stage pneumatolytic
efiects, which may attain very high leveIs. Some calcite is, however,
the result of magmatic activity belonging to the Gardar period. Epidote,
another indication of this migration, constitutes frequent thin green
films on joint-planes.

E. Hydrothermal segregation.

The most common case is a dark pellicle on joint-planes, composed
of finely crystallized chlorite and magnetite.

ane flat-lying vein is warth a detailed description. It is situated
600 m N af points 850, in the region compased af homogeneous gneiss.
In the vicinity of the vein, there are several lenticular bodies and veins
of the same material, and frequent rusty traces of iron-oxides. The vein
itself is about 7 cm thick, schistose, and dark brown in colour with odd
white quartzo-feldspathic patches. Small crystals of magnetite are con­
spicuous; they are embedded in a mass of phyllosilicates, and vary in
concentration. Some crystals of pyrite are also visible.

Through the microscope one may observe the folIowing sequence in
three thin sections (Nos 38509, 38510, 38511) cut in samples containing
apparently difierent proportions of magnetite;

1) big phenocrysts of acid oligoclase, slightly altered to sericite and
rarely saussurite, are closely associated with large crystals of quartz
showing undulatory extinction. Other phenocrysts include idiomorphic
to sub-idiomorphic crystals of apatite containing small inclusions of
epidote-zoisite, and big octahedra of magnetite. The groundmass is com­
posed of very abundant biotite (showing a dark or light brown to light
green pleochroism), sericite and zoisite, and less frequent apatite, hema­
tite altering to limonite, magnetite, and very littIe chlorite and inter­
stitial quartz. There is a close relationship between biotite and sericite,
a transition between the two may be observed in a single grain. To
summarize, the phenocrysts are mainly acid, the groundmass basic.
Apart from the high magnesia and iron-oxide content, the surprising
amount of phosphate is to be noted.
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2) plagioclase is completely absent. Xenomorphic apatite is very
abundant. Brown pleochroic goethite and plates of muscovite attain large
dimensions. Chlorite is frequent. The other minerals are quite the same
as in the first sample. The proportion of iron-oxide has increased.

3) the only difference between the previous thin section and this
one is the absence of quartz.

If one considers the transition between the three rocks, the rela­
tionship between the basic matrix and the acid (quartzo-feldspathic)
pegmatitic material becomes evident. As the proportion of the first
increases, that of the second diminishes gradually, plagioclase being
the first mineral to disappear and finally quartz. The final product is
composed mainly of magnetite, biotite and chlorite, forming the bulk
of the hydrothermal vein (a basic complement of granitization ?).

This concludes a review of the effects of migmatization in our
region. Subsequently, during the Sanerutian period, remobilization will
take place, but introduction of new material will be practically nil.

F. Summary and conc1usions of the Ketilidian period.

During the Ketilidian period, a mountain chain was formed, in which
one may distinguish a migmatized infrastructure and a suprastructure
composed of an ectinite series. The principal differences between these
two units are in structure and lithology. The macroscopic and micro­
scopic petrology of these rocks is reviewed.

The suprastructure includes pelitic, basic, quartzo-feldspathic, ferru­
ginous and magnesian schists, which have recrystallized in the first two
greenschist sub-facies according to F. J. TURNER and J. VERHOOGEN
(1960). The infrastructure is characterized by various gneisses (banded,
streaky, homogeneous) of which only one member rises out of the ordi­
nary, i.e. the gabbro-anorthosites; the origin of these curious rocks is
strongly debated. The apparition of garnet in these gneisses suggests a
slightly deeper metamorphic facies. As a whole these rocks represent
probably the transformation of the Arsuk group (C. E. WEGMANN,
1938).

Rust-zones may have various origins. In the greenschists they are
probably pyrite-bearing sedimentary layers. In the gneiss they are more
often related to crush-zones.

Pegmatites are mainly of the simple quartzo-feldspathic type.
Zoning, pinch-and-swell structure, ptygmatic microfolding are current
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phenomena. Complex pegmatites containing minerals of pneumatolytic
or hydrothermal origin are less frequent. Most of these veins were
probably formed by slow diffusion of acid material in zones of weakness.

Whether it be in the infrastructure or in the suprastructure, there
exist lenses of ultrabasic rocks, especiaIly serpentinites or talcschists.
Reaction phenomena in a contact zone with a pegmatite are described.
Several arguments are put forward in favour of the hypothesis of a sill
emplaced in the fresh and water-filled sediments of the geosyncline.

All these rocks underwent intense folding which may be divided into
three phases:

1) a N-S to NNE pre-migmatitic phase.
2) a major WNW migmatitic phase.
3) a NE to ENE mainly post-migmatitic phase.

There is no evidence of a considerable break between the different
phases.

During the first one, small steep folds were formed, the style of
which suggests a predominanee of schistose material.

The seeond phase is eharacterized by the formation of a synclinal
suprastructure and migmatitic up-doming in the infrastrueture, resulting
in big folds, more or less recumbent, separated by steep synclines. Meta­
morphism attained maximum intensity.

Where both phases were very active, crossfolding and wild-folding
oecurred. An example of the use of the Wulf-net in unravelling one of
these problems is given.

The effects of the third phase are not very visible in this area sinee
they involve semi-plastic refolding, twisting and bending on a very large
seale. Shearing of the suprastructure may be the main result. Micro­
c1inization seems also to belong to this phase.

The result of Ketilidian teetonics is the individualization of a
suprastrueture and an infrastrueture, generally separated by a struetural
break.

The polymetamorphie character of Ketilidian rocks is summed up,
the various transformations through metamorphism succintly described,
and the close relationship between migmatization and regional meta­
morphism affirmed.

Migmatization and its relationship to tectonics reveal some interest­
ing features. A complete migmatitic front may be traced from infra­
structure to suprastructure. The elose association between its emplace­
ment and the WNW folds is quite evident. The distribution of the mig­
matitie facies in the recumbent anticline, N of Angmassivit, demonstra­
tes this faet particularly well. Migmatization and the second phase of
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folding are clearly contemporaneous. Where resistant barriers (quartz­
itic horizons) exist, the arrested migmatitic front is concordant with
the primary bedding of the suprastructure.

Element migration and metasomatism are reviewed. It is shown
that sodium has migrated farther than potassium, which remains local­
ized in deep zones. Calcium migration accounts greatly for the formation
of basic oligoclase, amphibole, calcite and epidote.

Hydrothermal veins and pellicles on joint-planes are frequent. Their
main constituents are magnetite, biotite and chlorite.



Fig. 35. Igneous banding in a Kuanitic Dyke. The layers are yertical and parallel
to the direction of the dyke. The light bands are only a few mm thick.

THE KUANITIC PERIOD

During this phase of tension and fracturation the intrusion of at
least three generations of basic dykes took place. Their general direc­
tions are, in chronological order: N100E (AD1), N160 -170E (AD2),
and N20 - 60E (AD3). These dykes are nearly always vertical, only
those bearing a NE direction have sometimes a tendency to dip from
70 to 80° to the NW. The relationship between the two first generations
is not visible in our territory, and we refer for this to the criteria of
relative age put forward by 1\1. WEIDMANN, further to the E. On the
other hand, numerous intersections leave no doubt as to the age of
the third.

It is to be noted that these dykes are concentrated in the centre
and to the E of our territory, while they are practically non-existent
in the western part (PI. 14).

The transformations these dykes underwent during the subsequent
Sanerutian period did not conceal the faet that they originally belonged
to the dolerite family, of tholeitic tendency. One may still observe
acid segregations, gabbro-pegmatites, even igneous banding phenomena
(Fig. 35). This banding is generally parallel to the plane of the dyke,
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Fig. 36. A small swarm of Kuanitic Dykes. There are about 15 to 20 members, each
belween 5 and 50 cm wide. They divide and join up in a very capricious manner.

200 m S of summil 590, ~ E of Angmassivil.

more Ol' less vertical; the light layers are a few mm thick. Here and
there gneissic xenoliths (reaching in one case 30 cm in diameter) have
been torn from the walls.

As the general map of these dykes indicates, they may be slightly
sinuous, but this is more probably due to ulterior modifications rather
than to the original emplacement. It happens, nevertheless, that a dyke,
on encountering an obstacle (a very compact gneiss lens, for example),
may make an abrupt detour. vVhere the greatest flexure takes place,
small fractures develop, even a certain schistosity.

They divide very often and sometimes form small swarms, especi­
ally neal' their end (Fig. 36). The different branches are, on an average,
0.5 m wide.

The first generation (N100E) is not frequently represented. A very
large dyke (20-50 m wide) belonging to this group, begins as rapidly
as it disappears. Bifurcate to the \V of lake 280, it passes S of lake 470;
a more recent mylonitic zone coincides with it.

A huge dyke 160-170E runs through Akuliaruser suaq (Fig. 37).
It is forked where it enters into the sea to the SE, as well as at its VV
extremity, on the other side of the littIe fjord of Kangerdlugssuaq.
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Fig. 37. The very large Kuanitic Dyke which runs N160-170E, cutting across
Akuliaruserssuaq. Here its width is about 150 m. A Post-Gardar dolerite (TD1;
about 30 m wide) is clearly visible in its centre. The snowy depression is caused by
a Gardar dolerit e, emplaced after the amphibolitic dyke and before the Trap

dolerite.

In the middle it measures at least 150 m. It contains a much younger
dolerite (TD) near its centre; the snowy depression which crosses
it is caused by another dolerite (B D) emplaced between the intrusion
of the AD and that of the TD.

By their type of emplacement, frequency and aspeet, it seems that
the first two generations must have followed each other quite rapidly.
The third is clearly different: the dykes are much more numerous, more
uniform in thickness (on an average between 2-10 m), and more equally
distributed. During the interval between the second and third genera­
tion, compression occurred forming a set of faults (in particular an
early movement of the large E-W mylonite S of lake 470 m).

A curious intersection occurs between a thin dyke (2 m) of the third
generation and the enormous dyke running 160E in the centre of
Akuliaruserssuaq. At its entrance into the large homogeneous mass,
the former, which had followed up till then an almost rectilinear
path, begins to wind until its exit. It disappears a littIe further on.
It seems fairly certain that the large dyke, in contrast with the country
rock (gneiss) offered no easy path of penetration (Fig. 38).
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Fig. 38. A small Kuanitic Dyke belonging to the third generation winds its way
through the large pre-existent metadolerite, which ofTered no rectilinear path of

penetration.

As far as faulting tectonics are concerned, it is almost impossible
to say whether a fault moved just after the emplacement of these dykes,
Ol' after their metamorphism which occurred during the subsequent
Sanerutian phase. These fractures will be dealt with in the folIowing
chapter.

Summary and conc1usions of the Kuanitic period.

During the Kuanitic period, three generations of tholeitic dolerites
were emplaced in three distinct directions. Their width and density of
distribution ean vary considerably.



THE SANERUTIAN PERIOD

The phenomena which take place during this period have diverse
effects; they vary, moreover, from one place to another. There occurs
a rise of the thermal front, which produces a rather general reactivation.
The result of its action on Ketilidian rocks is difficult to discern. We
are therefore going to examine, in particular, the transformations under­
gone by rocks not included in the Ketilidian cycle, i.e. the Kuanitic
Dykes. As it has aIready been mentioned, it is not possibIe to distinguish
the different generations either by their petrography or through their
transformations.

During the Sanerutian period the dyke rock is transformed into
metadolerite or discordant ortho-amphibolite (AD), with the following
characteristics.

A. Description of the Discordant Amphibolites
(Kuanitic Dykes).

Colour. They may be green, grey-green, brownish, brown-red, grey­
blue. They are generally mesocratic or melanocratic, only rarely leuco­
cratic. The fresh colour varies between green-grey, light green and
dark grey.

Structure. It is most often massive, but may be banded, even
slightly or clearly schistose, the latter being due to dynamic pheno­
mena.

General description and erosion. The rock, unlike the Gardar
dolerites does not weather easily : gravel forms only occasionally. The
dykes have round, ice-smoothed outlines. Often they are broken up into
straight or oblique parallelepipeds, with a lozenge or rectangular base,
through the action of three closely set joint systems (the volume of
the parallelepipeds is about 0.2-0.5 dm3

). The rock may be very hard,
especially where it is compact; these qualities vary mainly with the
amount of phyllosilicates. Vacuoles often appear in the schistose dykes;
they shall be explained further on.

167 5
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Texture. The grain-size varies between fine and medium. The
original ophitic or sub-ophitic texture frequently subsists and is
visible with the naked eye; it forms relics in a blastophitic texture
(or heteroblastic with ophitic residues). Quite often the plagioclase forms
phenocrysts a few mm long. The amphibole and occasionally the phyl­
losilicates stand out from the mass but hardly exceed 1 mm. A certain
amount of shearing naturally produces a cataclastic, nearly fluidal
texture.

The weathered crust to which is due the superficial colour is rich
in limonite; it is usually about 1 mm thick.

Mineralogical Composition.

A. Essential minerals.

Plagioclase. It appears in the form of intertwined laths, microlites
or quite small phenocrysts. Quite often it is clouded, reddish or brownish,
and nearly always shows twinning and zoning; this suggests weak
metamorphism, as a higher degree of transformation would probably have
destroyed the zoning. Sericitization and saussuritization always exist,
at various stages, producing dense accumulations of sericite, zoisite, epi­
dote, quartz, calcite and a less calcic feldspar.

Clouding of the feldspar may be characteristic of a certain amount
of thermal metamorphism (A. G. MACGREGOR, 1931). If the rock is not
entirely recrystallized, thus allowing its original texture to appear, the
brown or red colouration is due to cryptocrystalline inclusions of iron­
oxide (hematite), exuded from the feldspar lattice. If the recrystalliza­
tion is complete, the feldspar again becomes clear. These inclusions
are often limited to the most basic parts of the plagioclase, sometimes
emphasizing the zoning. This is due to the faet that the proportion
of Fe contained in the lattice is greater for a basic plagioclase than for
albite-oligoclase. The temperature which brings about this exudation
is probably quite high.

When the plagioclase is but slightly altered, one may note basic
compositions reaching 45 %An, the zoning corresponding to a variation
generally situated within the limits of andesine.

The feldspar often contains quartz in the form of micropegmatitic,
frequently graphic associations. This texture seems to be primary; it
is common in quartz dolerites.

Pyroxene. Generally it exists onlyas a more or less transformed
relic, and is a slightly violet, titaniferous augite, the proportion of which
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varies greatly: absent from certain thin sections, it constitutes 30­
40 Ofo of the rock in others. It is rarely twinned.

A rhombic pyroxene may possibly exist as well. A few grains of
diallage make sporadic appearances.

It is mainly at the expense of the pyroxene that amphibole is formed.
When the transformation is not toa advanced, the former is surrounded
by an uralitic border of green amphibole. But other alterations may
occur, producing green chlorite and brown or green biotite.

A m p h ib ol e. There are several varieties. The most frequent is a
common hornblende, with strong pleochroism going: from dark green to

~l'4--- Chlorite

·""<N~~~--Magnetite

Fig. 39. Skeleton needles ol magnetite reproduce the cleavages and the outline of
a completely chloritized amphibole.

light brown. It may show lamellar twinning and various inclusions
amongst which sphene and apatite are conspicuous. The crystals are
commonly idiomorphic. Alteration mainly produces finely crystallized
green chlorite, biotite, and magnetite; the latter starts by filling the
cleavages, replaces the edges (Fig. 39, and PI. 7, fig. 1), and finally en­
tirely fills the amphibole crystaI. In many cases, amphibole is com­
pletely absent; its former existence may then be only attested by this
skeleton-like magnetite.

This hornblende may form elongated plates, which are very light in
colour, even locally colourless.

Another variety of hornblende is probably of the basaltic type,
with light to dark brown pleochroism. It may very well be primary, in
which case the original rock would have been a proterobase.

B. Accessory minerals.

Sphene. It frequently forms abundant small, rounded, elongated
or idiomorphic grains, with grey to purpIe colouring. By their size and
refringence they stand out clearly from the finer groundmass. Their
alteration sometimes produces leucoxene. Moreover, they generally sur­
round pre-existent grains of ilmenite.

5*
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Apatite. It is found in the form of idiomorphic, very elongated
needles or thicker-set prisms. Microscopically, hexagonal sections of this
ubiquitous mineral are common.

Ore. First of all, primary magnetite forms small grains and dense
aggregates. 11menite is also abundant, as well as pyrite in small cubes.
Less frequently, limonite (lepidocrocite and goethite), hematite and
rare chalcopyrite are present as well.

Biotite. It is likely that some biotite is primaryand that it dates
from a late magmatic phase.

c. Alteration minerals.

Zoi si t e. It forms dense accumulations of small, colourless, highly
dispersive rods, and is a product of the destruction of the plagioclase.

Epidote. This brownish, slightly pleochroic mineral is rare. It
sometimes accompanies produets due to the destruetion af the ferromag­
nesian minerals.

Quartz. Apart from primary quartz, mainly in micropegmatitic
associations (PI. 6, fig. 2), one observes common interstitial or alter­
ation quartz, in small grains with undulatory extinction. It is often rela­
ted to saussuritization.

Calcite. Mainly produced by the destruction of feldspars and am­
phiboles, it is also sometimes related to very late phenomena in connec­
tion with Gardar hydrothermal activity. The quartz-calcite association is
common. Generally fresh, it may be chloritized along its cleavages.
Rarely may one distinguish other finely crystallized carbonates (siderite­
ankerite).

Chl ori te represents the final stage of numerous alterations, and con­
sequently, is amply distributed. It is usually lamellar or finely crystallized,
light green in colour, not very pleochroic. Some cryptocrystalline amyg­
dules are primary. A sporadic greenish-blue tinge indicates a local com­
positional heterogeneity, corresponding in general to a variation in the
proportion of iron.

Biotite is commonly produced by the alteration of amphiboles.
It is highly pleochroic grading either from green to brown or from dark
brown to light brown. It is less abundant than chlorite, to which it alters.

Sericite. Its needles form very dense clouds in the plagioclase.

Let us now examine the transformations caused by the different
phenomena.
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Thermal Metamorphism.

The rise of the thermal front naturally caused the reactivation of
the country rock at the same time as it affeeted the Kuanitie Dykes.
This brought about weak, loeal displaeements, and irregularities in the
course of the dyke. While its edges are often of finer grain-size, they no
longer show true ehilled margins; sometimes the contact is even quite
gradual.

J. SUTTON and J. WATSON (1951) have described 6 stages of evolu­
tion of metadolerites in the NW Highlands. The transformations
undergone by the Kuanitic Dykes correspond quite well to the
first two:

1) development of secondary hornblende around the pyroxene, with­
out destruetion of the original texture. The feldspar is cloudy.

2) replacement of the pyroxene by quartz-hornblende aggregates
without destruction of the original texture. The feldspar is still cloudy.

If one refers to the general conclusions of J. D. H. WISEMAN (1934),
our amphibolitie dykes may reach the first stage of the "normal" trend.
In this case, eorresponding to the chlorite and biotite zones, there are
relies of the original texture, and more or less advanced transformation
of the minerals into chlorite, paIe-green hornblende, albite and epidote.
They mayaIso follow the "abnormal" trend (with amphibolitie tendency,
according to A. POLDERVAART, 1953), whieh differs from the "normal"
one mainly in the beginning of its evolution. In a first stage, the original
texture being preserved, the plagioclase becomes cloudy, pyroxene and
iron-ore are surrounded by hornblende; garnet may develop locally, but
this is not our case. In a second stage, pyroxene is completely replaced
by hornblende and quartz aggregates. The Kuanitic Dykes do not go
beyond this stage of evolution.

The degree of metamorphism is therefore quite weak. It corresponds
approximately to the second sub-faeies of the main greenschist facJes,
according to F. J. TURNER and J. VERHOOGEN (1960).-­

H. H. HESS (1933) and T. VOGT (1927) have also described trans­
formations of diabase into greenschists, without stress, through the
action of hydrothermal solutions and high temperature respectively.

Although the origin of these amphibolites is not doubted, let us
mention, nevertheless, the high iron content (abundant ore, particularly
pyrite), which characterizes the ortho-type, according to P. LAPADU­
HARGUES (1953), and a littIe Cu in the form of chalcopyrite, an element
clearly more abundant in this type than in the para-type, according
to the analyses conducted by A. E. J. ENGEL and C. G. ENGEL (1951).
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B. Migmatization.

III

Introduetion of acid material, related to very widespread graniti­
zation S of Ivigtut, is here insignificant. It is possible, nevertheless, that
the emplacement of small quartz veins, and even occasional quartzo­
feldspathic aplites are due to Sanerutian migmatization. The veins,

TO,
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Fig. 40. An AD3 is drawn out and broken up into lenses in lhe big mylonitic zone
of Qerrulik. A Post-Gardar TD1 subsequently followed the same course for about

400 m.

a few cm in width (in average 0.5 to 5 cm), are generally vertica1. In
only one case did we observe a horizontal veinlet intersecting an AD.
At its contact with the dyke, an abundance of phyllosilicates develops,
particularly biotite.

One km ESE of points 875-890 a pegmatite of purpie quartz,
7 cm in width, intersects an AD3. The colouring comes from pigmenta­
tion of the quartz grains by hematite Ol' limonite. Chlorite and yellowish
epidote are abundant. There is also some biotite, magnetite and apatite.
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Fig. 41. The proximity of a big fault causes tension joints in an AD3, from which
the direction of the movement may be deduced. NE extremity of the great N10E

mylonite of Qerrulik.

It is often difficult to distinguish between migmatitic effects and
the remobilization of quartz in fault zones. In any case, introduction
of material appears to have been negligible, even niI.

c. Dynamometamorphism and mylonitization.
Faults, mylonites and other fault zones have had various effects

on the ADs. These are often drawn out, boudines, even broken up into
lenses. Fig. 40 demonstrates this phenomenon, and also shows a Post­
Gardar dolerite (TD) which followed the dislocation zone for about
400 m.

Locally, one may observe large swellings, where the width of
the dyke may be 10 times its normal size. When the fault does not
directly intersect the dyke, tension fissures occasionally develop, revealing
the mechanism (Fig. 41, schematized in Fig. 42). Drags in the
proximity of the fault-plane are also common.

A quite typical transformation consists in the development of
an intense schistosity in the AD, either on one side only, or on
both, or even throughout the dyke. The schists, of a soft-green colour,
may be very fine or attain 1 cm in thickness. They are always vertical
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and often have cavities or vacuoles, previously filled with quartz lenses
(sometimes folded and a few cm long) or nodules of calcite. Numerous
relics of these lenses and nodules still subsist. According to F. J. TURNER
and J. VERHOOGEN (1960), in zones of violent differential movements,
a transition from amphibolite (hornblende-andesine-biotite) to green­
schists (chlorite-actinolite-epidote-sericite) is produced by retrograde
metamorphism (diaphthoresis). This transformation brings about a loss
of CaO (T. F. W. BARTH, 1952), exuded here in the form of calcite. The

~
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Fig. 42. Schema of Fig. 41, showing the relation between the dyke and the fault.

quartz lenses probably come from the decomposition of the plagioclase;
but in certain cases, they may be pre-existent, boudines and broken-up
quartz veinlets.

In his study of the amphibole-bearing gabbro of Mount Stanley
(Northern Ruwenzori), P. MICHOT (1938) classified the dynamometamor­
phic transformations of this rock in the folIowing manner:

1) Torsional deformation; the rock becomes a gabbro-amphibolite.

2) The grains subdivide; transition to an amphibolite.

3) There are no longer any large grains, the grain-size becoming
very fine; hornblende slightly enriched in soda. The rock becomes a
mylonitic type of amphiboloschist.

P. MICHOT proposed the term "amphibolonites" for these amphibo­
litic rocks whose recrystaJlization is contemporaneous with the mylo­
nitization.

In some of our amphibolites, the transformation is similar to
that of stage 3.

Hornblende, in particular, takes on a greenish-blue tinge, suggesting
an increase in the proportion af soda.
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When only the edge of the dyke is schistose, one may observe all
the transitional stages from fine, vacuole-bearing schists, then more
massive schists, to close joints, and finally to the massive dyke, the
complete transition taking place over a few m.

The schistosity is naturally determined by the phyllosilicates,
above all by chlorite and sericite, produets of the diaphthoresis. Finely
crystallized quartz, with undulatory extinction, is abundant. Small
cubes of pyrite frequently lie on the surfaee of the S-planes.

D. Hydrothermal and pneumatolytic activity.

A small quantity of material was introduced through hydrothermal
and pneumatolytic activity during the Sanerutian period, mainly after
the emplacement of the Kuanitic Dykes, which will again enable us to
define the phenomena.

A. Calcium mi~ration. We have aIready noted the migration of
CaG in the case of weak metamorphism of basic igneous rocks. In general
it gives birth to calcite. A certain amount undoubtedly contributes to
the formation of epidote, quite pure veins of which are occasionally
associated with the amphibolites. But large quantities of this mineral
are to be accounted for by late hydrothermal activity. Likewise, calcite
(and the carbonates in general), which is practically ubiquitous, is
mainly related to the pneumatolytic phenomena of the Gardar period.

B. Boron and sulphur mi~ration. Long radiating needles of
blue-black tourmaline (a schorlite) form clusters on joint-planes in the
Kuanitic Dykes. This phenomenon is probably of Sanerutian age, as
the Gardar dykes contain practically no tourmaline at all. The formation
of pyrite and chalcopyrite is possibly partly due to hydrotherrnal solu­
tions rich in H2S.

C. Carbonic mi~ration.This includes deuteric processes, through
which feldspar, augite and olivine are transformed into carbonates at
low temperature, with release of silica.

E. Consequences of Sanerutian phenomena on
the basement rocks.

We have tried to define these phenomena in relation to the Kuanitic
Dykes. In the Ketilidian rocks, a certain amount of reactivation causes
Iocal remobilization with partial recrystallization.
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F. Sanerutian faulting.

III

While some faulting occurred between the emplacement of the differ­
ent generations of Kuanitic Dykes, the most intense movements took
place at the end of the Sanerutian period. Two systems are particularly
evident. Moreover, one may find in these systems all the transitional
stages between fauIt and myloriite (a fauIt being essentially a displace­
ment without crushing of the rock, while a mylonite is a zone of crushed
rock, with or without displacement).

A. The large E-W crush- and fault-zones.

1. The most important of these zones extends for 8 km in the centre
of our territory and stretches into the area mapped by M. WEIDMANN.
It is 100-200 m wide and sinistrally displaces an AD2 by about 1200 m.
It has almost certainly moved twice, and in the same direction, before
and after the emplacement of the AD3s, on which the displacement is
about 550 m. Gneiss and dykes are considerably crushed and retrogres­
sively metamorphosed. Rare slickensides show striations dipping 70°
to the W, due to a last movement of small importance.

2. To the NE of lake 470, and also continuing to the E, a second
E-W zone shows a curious bayonet and "en echelon" disposition, with
a local inc1ination of 70° to the N. The rock is crushed over large areas.
Quartz veins and rust zones are produced in which small vacuoles are
particularly abundant; they also contain a littIe pyrite and some phyllo­
silicates (muscovite and biotite), even a littIe occasional calcite. The
gneiss is reddish.

As it enters into M. WEIDMANN'S territory, this zone is at least
100 m wide. Two AD3s have been displaced by about 800 m and again
sinistrally. The large AD2 is drawn out and sheared near the Nl0E fauIt,
where it disappears.

3. To the S of summit 590, a very sinuous AD1, containing large
xenoliths torn from the walls, has undergone adisplacement of 240 m
due to one of these E-W zones. Its W extremity is formed of very numer­
ous ramifications which change direction, take a NW course, before
being dislocated by two other fauIts.

4. In the E part of Akuliaruserssuaq, S of summit 670, the sinistral
movement of one of these fauIts has displaced an AD3 by 20 m.

5. At the foot of summit 850, on the S side, an ADl is dislocated
by a dextral Nl00E fault, the displacement being about 25 m; a notable
swelling is produced. The differences in direction and displacement
being slight, this fault mayaIso enter into the category of the large
E-W crush- and fauIt-zones.
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B. The N60-70E crush- and fault-zones.

1. To the S of Angmassivit, an AD3 is drawn out along one of these
mylonites and displaced by 100 m. Intense crushing produces consider­
able local swelling and numerous quartz veins. The movement of this
mylonite is dextral, unlike most other mylonites of the same generation.

2. To the N of summit 590, one of these faults moved at two differ­
ent periods. A pre-Kuanitic movement displaced dextrally a zone of
schists by 100 m; a post-Kuanitic movement took place in the opposite
direction with adisplacement of about 8 m.

3. In the valley of the long lakes, in the northern part of the area,
several of these faults dislocate ADs, but the displacements are small.

4. A large crush-zone, forming part of the valley to the NE of
summit 850, displaces an AD2 by 10 m. It probabIy moved again
later on, even affecting a Gardar trachyte. Dextral.

Less important systems.
C. The NNW fauIts.

Their movement, which is sinistral, does not exceed one hundred m
or so. We observed three or four fauIts belonging to this category.

D. Other fauIts.
Numerous other littIe dislocations took place at the end of the

Sanerutian period and before the Gardar, but do not form any well­
defined systems.

N.B. The displacements mentioned are always in a horizontal plane,
as vertical movements, if they existed, are practically indeterminable,
because of the lack of correlating horizons. A few observations seem to
indicate that vertical movement was not considerable. These fauIts are
therefore horizontal transcurrent faults.

G. Summary and conc1usions of the Sanerutian period.

A rise in the thermal front characterizes the Sanerutian period.
All the pre-existent rocks undergo low-grade metamorphism. In parti­
cular, the Kuanitic Dykes are transformed into metadolerites, according
to the process described by J. SUTTON and J. WATSON (1951). Migmatitic
and metasomatic introduetion of materiaI is insignificant. SeveraI fauIt­
systems and crush-zones have been distinguished.

Absolute age determinations suggest correIation between the Sane­
rutian reactivation and the Nagssugtoqidian orogeny, whose remains
are to be found between Søndre Strømfjord and Disko Bugt, also on
the W coast, but further N (A. BERTHELSE:'I, 1961).



THE GARDAR PERl OD

The Gardar period is eharaeterized in our area by various pheno­
mena whieh one may divide into two eategories, reviewed in the folIowing
order:

a) magmatie aetivity, including hypabyssal illtrusions, pneumato­
lytie and hydrothermal effeets, and mineralizations;

b) faulting teetonies.

One ean distinguish three groups of dykes, i.e. in ehronologieal
order, lamprophyres (JD), brown doleritie dykes (Brown Dykes: BD),
and traehytes (TR). Age relations are naturally based on field observa­
tions.

A. Lamprophyres (PI. 16).

This family is represented by about 15 dykes, praeticalIy always
vertical, sparsely distributed to the W and with maximum coneentration
to the NE, N of lakes 470 and 460; They are quite rectilinear, and their
general direction is N50-60E, with variations between N45E and N70E.
They are usualIy single but sometimes constitute swarms as, for instance,
S of lake 460. Their thiekness, in average about 1 m, rarely exceeds 5 m.
In adj acent regions several generations have been distinguished; they
may exist in ours, but this has been impossible to prove (absence of
criteria, mainly of intersections).

These dykes are melanocratic, with a weathered colour which
may be black, brown, or reddish. The fresh colour is grey-black to black.
The rock is partieularly recognizable through the presence of calcite
grains attaining 1 cm in diameter, aecompanied by abundant lamelIae
of biotite, varying in length between 1 and 3 mm. SmalI feldspathie
phenocrysts are eommon and abundant cavities filIed or lined with limo­
nite result from the oxidation of pyrite cubes.

On the surface of the rock, the differential weathering of the various
constituent minerals localIy renders visible to the naked eye the inter­
sertal or sub-doleritie texture.

The grain-size is usualIy fine, partieularly towards the edges, where
ehilled margins sometimes exist. Alteration is eommonly intense, produ-
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cing gravel. Joints, perpendicular to the walls, and sometimes closely set,
tend to form columns (columnar jointing).

These rocks are dense; this is due in particular to their high iron
content, which explains their local name of "Jerndiabas", Ol' iron­
bearing diabase (JD), but the term is inadequate. If absolutely
necessary, one could call them ferro-dolerites, by analogy with ferro­
gabbros ; but we shall see that for various reasons, and according to
several authors, it is quite justified to classify them in the lamprophyre
category. This will become apparent in the following detailed examples.

an the E shore of the bay between Angmassivit and Akuliaru­
siarssuk a lamprophyre, 60 cm in width, N45E in direction, outwardly
brown, grey-black when fresh, massive, and rich in feldspathic nests
and limonitic cavities, shows, microscopically, a sub-doleritic texture.
The plagioclase is represented by laths and needles forming the frame,
and also by phenocrysts. It is quite altered and shows twinning and
sometimes zoning. Average composition is about 45 % An. Notable
calcite crystals are common and seem to be associated with idiomorphic
or sub-idiomorphic grains of nepheline. Small crystals of pink sphene
and grains and rods of apatite are abundant. The very fine interstitial
material probably includes a monoc1inic pyroxene and some biotite.

In the rock appeal' large amygdules composed of green chlorite,
generally surrounded by sericite, both being very finely crystallized. ane
of these amygdules (PI. 2, fig. 1) shows a centre forrned by a mixture of
these two phyllosilicates, enveloped in a rim of magnetite, which
forms, moreover, abundant small grains throughout the rock. There
also exist veinlets of pyrite about 1 mm wide.

To sum up, the most remarkable feature is the high content of
volatile produets, particularly CO 2 and H 20. These substances have
even modified the encasing gneiss: as one approaches the contact with
the dyke, flakes of biotite become progressively more abundant over
the last few cm. H. G. SMITH (1946) draws attention to the important
role that these gases play in the deuteric transformation of primary
minerals; in particular, CO2 of magmatic origin may carry lime, taken
from the plagioclase, from lower to higher levels. This enrichment in
lime may, moreover, proceed from the assimilation by the (basaltic)
magma of calcareous rocks (I. CAMPBELL and E. T. SCHENK, 1950).

In the classification of lamprophyres which is quite variable from
one author to another, we place this rock between camptonite and ker­
santite.

The second example is that of a lamprophyric dyke, 5 m wide,
N40E in direction, situated in the valley N of Akuliarusiarssuk. Its
grain-size is medium and it displays calcitic phenocrysts, 1 cm long, and
some pyrite grains. The sub-doleritic texture is mainly defined by laths
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of plagioclase, rather sericitized, showing good twinning, and strong
normal zoning, from albite to andesine. Frequent, secondary albitic
growths are quite in accord with the conclusions of H. G. SMITH (1946)
who emphasized the enrichment in soda content of the late-stage resi­
dual products. Numerous grains of pyroxene, a pinkish titaniferous
augite, are idiomorphic or sub-idiomorphic. The rock tends thereby
towards a texture which is considered to be rather characteristic of lam­
prophyres according to several authors, i.e. a coarse panidiomorphic
texture. Calcite forms abundant amygdules. Biotite and chlorite are very
well represented; green chlorite in particular also forms amygdules. The
opaque minerals include magnetite, limonite, ilmenite, hematite and
pyrite. Apatite is ubiquitous.

Here too, the presence of volatile products is remarkable. The rock
is in this case a true camptonite.

East of Qerrulik one may observe a JD, superficially reddish, black
when fresh, 1 m wide and N45E in direction. It is massive, dense and
shows feldspathic phenocrysts between 1 and 3 mm and flakes of mica.

Microscopically, one observes an intersertal, slightly ophitic texture,
with two sorts of microphenocrysts:

a) an augitic pyroxene with chloritized edges, cracks and cleavages ;

b) a rather sericitized plagioclase, whose alteration sometimes pro­
duces quartz grains; it contains small, black inclusions, probably aligned
according to the cleavages of the feldspar, and of glassy composition.
Anorthite content is about 25 Ofo; it is therefore an oligoclase.

The groundmass is composed of:

c) a very abundant augite, locally slightly titaniferous (pink), often
idiomorphic, with frequent twinning. It alters to chlorite, biotite and
magnetite, more rarely to epidote.

d) a sodic, pleochroic amphibole (varying between orange-yellow
and dark red-brown). It is a barkevikite. This abundant and idiomorphic
mineral is the result of uralitization of the pyroxene. Sometimes it
contains a core or relics of this mineral.

e) numerous amygdules of biotite-chlorite.

f) a littIe calcite.

g) abundant ore, especially magnetite.

h) apatite.

The presence of barkevikite is an indication of the enrichment i.n
the soda content of the rock. This mineral is quite characteristic of
lamprophyres in general, and particularly of typical camptonite from
which this rock is littIe different. T. F. W. BARTH (1952) is of the opinion
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that the necessary water for the formation of this barkevikite is taken
from the walls, which would bring about the lowering of the tem­
perature of crystallization and the forming of amphibole instead of
pyroxene.

As well as chlorite and calcite, in amygdules, there is some epidote,
the presence of which is also an effect of pneumatolytic activity.

Apatite is often abundant. Some of it may not be strictly primary,
as the residual gases also contain a certain amount of phosphorus.

800 m NE of lake 470 there is a lamprophyric dyke 2 m wide, N65E
in direction. The rock is brown and commonly spotted with small patches
of calcite (1-2 mm), limonite, and some rare grains of pyrite. The fresh
colour is grey-black, the grain-size fine, and the texture micro-granular
to intersertal. It contains amygdular grains of calcite, sometimes twinned
and frequently enclosed in fine, green and fibrous chlorite. Plagioclase,
epidote, titaniferous augite, muscovite and sericite, biotite, zoisite,
opaque minerals, uralitic hornblende, quartz, albite and apatite are the
other constituents of the rock. The plagioclase is locally quite fresh but
more often altered to saussurite, and filled with inclusions. It shows
good twinning and zoning, varying between a positive oligoclase and
a negative andesine. Epidote which sometimes shows twinning, is slightly
pleochroic (golden-yellow to brown); it forms very abundant grains
and amygdules. Idiomorphic or sub-idiomorphic crystals of titaniferous
augite are also numerous. Muscovite and sericite are ubiquitous; the
dark mica is a very ferruginous biotite, in brown or red laths, altering
to limonite and magnetite. Occasional small grains of zoisite are
probably in relation with the saussuritic mass. Opaque minerals are
abundant and mainly represented by magnetite and ilmenite, both
idiomorphic. One must also mention some brown, uralitic horn­
blende, a few quartz grains and possibly a littie albite, both associated
with amygdules and, as usual, apatite. Some limonitic streaks are bent,
indicating that the rock has been submitted to a certain amount of
mechanical strain.

The following table summarizes the proportions of the various mine­
rals contained in the three lamprophyric dykes described hereabove.
These estimates were obtained through point-counting.

No. 32931
%

Plagioclase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
Pyroxene (and amphibole)............... 10
Ore 9
Calcite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Phyllosilicates (of various origins, epidote

and apatite). . . . . . . . . . . . . . . . . . . . . . . . . . 22

38942
%

l,.O
23

8

29

38507

0/o
l,.l,.

19
15 (very high)

3

19
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Let us remark once again on the presence of these chlorite-, calcite-,
and epidote-bearing amygdules, also containing a small proportion of
quartz and albite, as well as on the local transformation of pyroxene
into hornblende.

The volatile products containing alkaline compounds are therefore
extremely important. At an early stage, it is mainly potash that is
introduced, taking place in the micas (biotite and muscovite), the in­
crease in soda being a late-stage effect.

Petrogenesis. As to the petrogenesis of these rocks, there is no
evidence that they are schizolites (diaschistic rocks), resulting from
magmatic scission, nor are they similar to lamprophyres which one may
observe in granitic regions, sometimes in radial disposition around a
massif. They are much rather transformed basic dykes (C. E. WEG­

MANN, 1948 b).
A useful comparison may be established between these dykes and

the hornblende-Iamprophyres, associated with basaltic rocks, in the Skaer­
gaard region, on the E coast of Greenland. Observed by L. R. WAGER

(1947), they have undergone minute laboratory investigations by E. A.
VINCENT (1953). Numerous and excellent arguments indicate a transi­
tion, from the same basaltic magma, between normal dolerites and camp­
tonites, through oligoclase dolerites. Chemical analyses show a decrease
of the proportion of silica for the oligoclase dolerites and camptonites,
but an increase in alkalis, mainly in potash. There are littIe chemical
differences between the two last groups, the camptonites resulting from
il crystallization at lower temperatures, of a water-enriched magma.

The oligoclase dolerites are composed of a clinopyroxene and a sodic
feldspar (generally oligoclase, or oligoclase-andesine). In spite of their
basic nature they may contain here and there a littIe interstitial quartz.
The ophitic texture of the dolerites becomes a more panidiomorphic
texture (especially in the case of augite). They clearly contain more
alkalis than the normal dolerites.

The camptonites are characterized by a brown hornblende and a
sodic plagioclase. They mayaIso contain a clinopyroxene and pseudo­
morphic forms of olivine. Secondary minerals, in particular epidote and
chlorite are abundant. The pyroxene is a diopsidic titaniferous augite.

This rock is considered to be the result of fractional crystallization
of a primary basaltic magma, to which one must add deuteric trans­
formations (pneumatolytic and hydrothermal, autometamorphic), pro­
ducing mainly chlorite, epidote and albite. The introduction of volatiles
rich in alkalis is a late-stage magmatic phenomenon, according to the
author, who is of the opinion that it is superfluous to look for other
sources to explain this enrichment.
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In the region under study, it seems that the lamprophyres corres­
pond very well either to the oIigoclase dolerites or to the camptonites
defined by E. A. VINCENT who sums up the successive differentiations
in the folIowing schema. There is, however, a difference between the two
areas: on the E coast, the camptonites seem to have been empIaced Iater
than the dolerites whereas, in our region, they precede them.

~ Feldspar porphyritic dolerites

Olivine-dolerites and Alkali-enriched
olivine-free dolerites ~ Quartz-dolerites -----~~ quartz-dolerites
(parental magma)

~ Oligoclase-dolerites

Doleritic camptonite~ I
t

_____calnPtonites~

Melanocratic camPtoni~ ~ Leucocamptonite

Two other cases are worth a brief description.

NE of Iake 470, 600 m approximateIy from its shore, and very near
to the great NiOE myIonito, thore is a basic dyke about i m wide. It is

Mylonite

,q/~r--- JD

L--..l
O 10 m

Fig. /03. A lamprophyric dyke coincides with a small fauIt which displaces sinistrally
an AD3. The JD is crushed and acquires a breccia-like aspeet. 600 m NE of lake /070.

crushed by a small, parallel fauIt, N45E in direction, which displaces
sinistrally a N30E AD (Fig. 43).

The small, basic dyke acquires a breccia-like aspect. The rock is
fine-grained and shot through by thin, dark veinIets. Locally the surface

167 6



82 STEPHEN NEVILLE AYRTON III

is shiny or striated, with blue metallic tinges due to a thin film; else­
where it may be coated with fine calcitic plates.

Under the microscope one observes a cataclastic texture and the
folIowing minerals: plagioclase, quartz, limonite, phyllosilicates, calcite
and apatite. The plagioclase forms microphenocrysts and is quite fresh;
it sometimes contains minute inclusions and shows slight zoning, while
twinning is rare. It is an optically negative oligoclase. Quartz is abundant
and also microphenocrystalline. One notes, moreover, large grains of
limonite (goethite), which are translucent, dull, yellowish-brown, and
also needles or streaks. The groundmass is mainly formed of phyllo­
silicates: greenish chlorite and white mica (sericite-muscovite). These
two minerals mayaIso constitute veins in the rock. Calcite is abundant
whether in grains or in veinlets, which sometimes intersect the feldspars.
Minute crystals of feldspar and quartz compose here and there micro­
pegmatitic associations. Apatite is present in the form of needles.

Although dynamometamorphism partlyerases the original characteri­
stics of the rock, the large quantity of phyllosilicates and calcite, a certain
proportion of which certainly proceeds from the destruction of the feld­
spars and the ferromagnesian minerals, induces us to classify it amongst
the dykes with a lamprophyric tendency.

Peculiarities of emplacement may occur, such as that observed on
the E coast of Qerrulik. A lamprophyre, 50 cm wide, 4 m long, contain­
ing pyrite, meanders in a zone of weakness determined by a Kuanitic
Dyke.

In our region we did not observe the trace of any very definite tec­
tonic activity between the emplacement of the lamprophyres and of the
subsequent Brown Dykes. The mylonite which determines the valley N
of Akuliarusiarssuk displaces sinistrally a lamprophyric dyke by about
60 m towards its southern extremity, but towards the N its effect dies
out completely before reaching a BD, thus concealing that relationship.
It is likely that faulting played an insignificant role between JDs and BDs.

B. Brown Dykes (PI. 15).

These dykes form the largest group, in number, in volume and in
extent, of the whole Gardar suite. They are dolerites with or without
olivine, sometimes with a troetolitic, proterobasic or porphyritic tendency.
C. E. WEGMANN (1938) aIready assembled them under the name of Brown
Dykes, abbreviated to BD.

Description. Contrasting strikingly with the encasing rock, they may
be followed over great distances, their course being quite rectilinear; but
they often display various types of irregularities. Their weathering is
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Fig. lolo. A curious example of the modelling of a doleritic boulder by eolian erosion.
The "mushroom" is about 1.6 m in height. Approximately 2.2 km N of Angmassivit.

typical: they are separated into blocks by three joint systems, two of
which are perpendicular to the walls, the other parallel; this is due to
contraction, during cooling. These blocks are then transformed into
boulders according to the desquamation process described by R. W.
CHAPMAN and M. A. GREENFIELD (1949); finally they disintegrate into
sand which may form a bed a few feet thick, in certain cases entirely
concealing the fresh rock. R. D.CROMMELIN (1937) attracts attention to
the importance of these sands in which the high titanaugite content is
characteristic. Fig. 44 shows a curious example of the modelling of a
doleritic boulder by eolian erosion.

When they are wide, these dykes may determine valleys. But the
same dyke may form here a depression, there acrest. This may be at
least partly due to the angle of the slope. On the other hand those that
are only a few feet wide have practically no morphological effect.

They may vary in width between a few cm and two hundred m,
the average being between 5 and 20 m.

Three generations have been distinguished, the oldest being ENE in
direction, the youngest NE, the second intermediate; this disposition
may undergo local variations. We have designated the three groups by
the abbreYiations BDO, BD1, and BD2.

6*
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Fig. 45. Dykes frequently split up into numer'ous branches, generally due to a system
of parallel, pre-existent joints. This occurs mainlyas they are about to die ou t.

One must mention, moreover, that the two last generations were
separated by an interval sufficiently long for an important phase of
faulting to occur.

Colour. As thcil' name indicates, their superficial colour is generally
brown. Here and there it seems possibIe to difTerentiate the BDOs from
the BD1s; the first are very dark, practically black, the second are
orange-coloured, even yellow. The fresh colour is dark grey. As C. E.
WEGMANN (1938) has aIready mentioned, a remarkable calciphilous flora
grovvs on these rocks.

Emplacement phenomena. One may enumerate several irregularities
in their disposition. First of all thcy may form small swarms, generally
due to a system of parallel, pre-existent joints. Frequently the swarm
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Fig. 406. "Pseudo-bayonet" disposition in a BD. The bridge of gneiss has clearly
been displaced. As is frequently the case in true bayonet arrangement, the bridge

is intersected by numerous little veinlets which link up the two parts.

is but the result of the subdivision of a single dyke, mainly when it is
about to die out (Fig. 45).

Bayonet, "pseudo-bayonet" (Fig. 46), and "en echelon" (Fig. 47)
arrangements are common, as well as apophyses.

Sudden changes of direction are not easily explained. Sometimes
one sees a dyke split up into two parts which join up again further on,
probably passing on each side of a more resistant gneissic lens.

The increase in volume due to the dilatation of the fissures intruded
by the hypabyssal rocks must be considerable as these occupy a conspi­
cuous proportion of the area.

Grain-size. In the normal and most frequent case, there is a symme­
trical variation of granularity in relation to the centre of the dyke, the
grain-size diminishing as one goes towards the edges, which are often
black and very finely crystallized (chilled margins).

Occasionally the grain-size suddenly increases, forming pegmatitic
rocks, known under the name of "gabbro-pegmatites". They have the
same mineralogical composition as the rest of the dyke and were pro­
bably formed in pockets with a high gas content, which allowed slower
crystallization and bigger growth of the crystals.

Flow-lines and whirlpools are to be observed here and there.
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Fig. 47. "En echelon" disposition in a BD. Tilis is a current feature. Sometimes 3,
4 Ol' 5 relays constitute the system. 2 km lW oC lake 470.

Texture. It is quite constant for all these dolerites and appears clearly
on the weathered surface, as well as under the microscope. The main
texture is ophitic (PI. 7, fig. 2) except in the edges of the dyke where
it may become intersertal, pilotaxitic or hyalopilitic. But certain varia­
tions have been noted including sub-ophitic, doleritic and sub-doleritic
textures ; these variations have been summarized in the folIowing
table, established by T. KROKSTROM in his work on the crystalliza­
tion of basaltic magmas (1933).

Description Narne

The plagioclase laths are entirely enclosed Ophitic
within the large pyroxene areas.

The pyroxene shows
over large areas a
uniform orientation.

The pyroxene is subordinate in amount and Sub-ophitic
forms a filling in the small interstices between
the feldspars.

The pyroxene grains are idiomorphic Ol' sub- Doleritic
idiomorphic.

The pyroxenes of
adjacent interstices are
of difTerent orientation.

The pyroxenes have their outlines determined ub-doleritic
only by the surrounding plagioclase laths.
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Mineralogy ol the typical dolerites.
The plagioclase. Its intertwined laths show polysynthetic and

complex twinning. Zoning is normal and marked. The composition of a
single crystal may vary by 20-40 % An. The minimum that we evalua­
ted is 25 % An, the maximum attaining the limit labradorite-bytown­
ite, i.e. 70 % An. The average composition is situated at about the limit
andesine-Iabradorite (between 45 % and 55 Ofo An.). The plagioclase alters
to sericite and/or saussurite, but generally it is surprisingly fresh.
Phenocrysts naturally undergo more intense transformation than the
microlites. Often the alteration underlines the zoning. When inclusions
cxist, they are mostly composed of micrographic quartz, as the rock
tends towards a quartz dolerite.

The pyroxene. It is mainlya titaniferous, pinkish augite. It is
sometimes twinned and alters slightly to chlorite, biotite, and magnetite­
ilmenite. A certain amount of uralitization takes place here and there
producing a brown hornblende; this last mineral is practically never
primary, which renders the existence of proterobasic rocks very improb­
able, at least in our region. Dispersion is strong. Avariably diopsidic
composition in a single crystal produces weak zoning. Locally the optic
angle (2V) becomes very small and the augite tends towards a pigeonite.

Olivine. When it exists, it forms large grains, either idiomorphic or
sub-idiomorphic (PI. 9, fig. 2). It frequently accompanies the pyroxene
crystals. Its alteration begins by the edges, fissures and cleavages, before
spreading to the whole crystaI. The products of this tranformation are:
brown iddingsite, green bowlingite and goethite. The proportion of this
peridot varies considerably, probably because it is the first to crystallize;
moreover its crystals have a tendcncy to sink and to form quite dense
local concentrations. The plagioclase is forrned at the same time as olivine
or slightly later, whereas pyroxene appears much later (F. WALKER,

1957).

Sphene is quite rare. Its colourless or pink grains are nearly
always associated with leucoxene and ilmenite.

Biotite is generally the transformation product of the ferromag­
nesian minerals, but mayaIso crystallize in a late-stage magmatic
phase. It may itself alter to cryptocrystalline, green or brown vermi­
culite. Iron content is always high.

Chlorite derives directly from the pyroxene or from the amphi­
bole; it may replace biotite, and is light green.

A p a t i te. Ubiquitous and fresh, it forms long needles, thick rods
or grains and often exhibits hexagonal sections.
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Opaque minerals are very abundant and mainly include idio­
morphic grains or accumulations of magnetite, ilmenite, limonite, a little
hematite, and some cubes of pyrite. It is practicallyalways primary, but
may also be part of the final alteration product of the ferromagnesian
minerals.

Epidote is not common; it sometimes constitutes small druses
containing well-crystallized forms. It appears, like zoisite, through the
decomposition of the plagioclase.

Calcite may proceed from the destruction of calcic minerals, or
from ulterior metasomatic effects.

Quartz may be interstitial, micrographic or secondary and IS

always in small proportion.

R u til e is very rare, and sometimes forms inclusions in the biotite.

Zircon also forms sporadic inclusions in the phyllosilicates, pro­
ducing pleochroic halos.

The proportions of these various minerals vary considerably as we
have already mentioned. Not onlyare these differences noticeable from
one dyke to another, they mayaIso be observed in a single dyke in which
quite rapid longitudinal or transversal variations may occur (this last
case will be examined in detail further on). The folIowing table shows
a few examples of these variations.

Mineral No. 328lo7 328lo8 32910 32911 32%3 329lo5 329lo9 32957

Plagioclase ........ 60 60 56 51,8 lo6 60 62 53
Pyroxene ......... 18 13 H 22 22 15 16 25
Olivine ........... 7,7 16,5 2,5 18 13 lo
Opaque minerals ... 8 lo,6 6,5 11 13 lo 7 11
Others (primary &
secondary phyllosili-
cates, uralitic horn-
blende, apatite) .... H H,8 7 12,7 19 3 2 7

These percentage figures, estimated with a point-counter, are only approximate.

Consequently, in two cases (Nos. 32910 and 32945), the rock has a
tendency towards a troctolite, and in the second, it happens to be a
gabbro-pegmatite, which may be significant. On the other hand, we have
not been able to establish any systematic variation of the proportion
of olivine, and in particular of the relation olivine/pyroxene during the
course of time. BDO, BD1, and BD2 are dolerites with or without olivine
and do not show any evolution from one to another.
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Fig. 48. A xenolithic dyke. The margins contain only sparse, small xenocrysts or
phenocrysts. The centre, on the other hand, contains up to 40-50 % of xenoliths
and xenocrysts (mainly anorthositic and plagioclasic). They are all of about the same

size, and are not oriented in this case. 200 m S of lake 470.

Phenocrysts, Xenocrysts, Anorthositic Xenoliths.

Sometimes these dykes contain big crystals of plagioclase (occasionally
accompanied by other minerals). Three cases may occur:

a) they are true phenocrysts formed more Ol' less in sila. These
idiomorphic crystals, the size of which varies between 1 and 15 cm,
their longest dimension averaging between 2 and 5 cm, are generally
not oriented; sometimes however, they may be aligned in bands parallel
to the axis of the dyke and 10-20 cm in width. Their proportion varies
considerably, attaining here and there 40-50 Ofo of the rock.

b) they may be big crystals which have grown in depth and which
have been torn away after their crystallization, and carried up to higher
levels by the movement of the magma. In this case they lose their idio­
morphism, their outline is worn Ol' broken. They are therefore veritable
xenocrysts, which mayaIso be very abundant. Sometimes both sorts of
plagioclase coexist and it is difficult to tell whether they have grown
where one finds them, Ol' whether they have undergone transportation.

c) there also exist xenoliths, attaining in some cases 30 cm in their
biggest dimension, which are either solely composed of big crystals of
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Fig. 49. Detail of the central part of the xenolithic dyke in fig. 48. Some sub­
idiomorphic crystals are to be noted. Most frequently, the xenocrysts have worn

or torn edges. Anorthositic xenoliths are also abundant.

plagioclase, or of an aggregate of various minerals (Fig. 50). The first
variety forms true anorthosite, and it is the most common. Generally
these dykes show the folIowing disposition: the two edges, over approxi­
mately 30-40 cm, are practically free from big crystals of plagioclase
which, if they exist, do not exceed 1 cm, whereas the centre is rich in
xenoliths frequently constituting 40-50 0J0 of the rock. This disposition
is sometimes only local; further on the dyke may grade into a common
dolerite. Figures 48 and 49 show one of these dykes and the detail of
its central part.

Let us rapidly examine the mineralogical composition of a rather
typical sample ofaxenolithic dyke. Under the microscope the groundmass
reveals a sub-doleritic texture. The feldspar shows good twinning and
zoning, alters to sericite and saussurite, and contains, moreover, numer­
ous inclusions of glass. It varies between 30-40 0J0 An. The interstices
are filled with green chloritc, brown biotite, sericite, sphene, altering
to leucoxene, zoisite, some rare relics of pyroxene, some very finely
crystallized patches, large grains of calcite and a few grains of quartz,
apatite, magnetite and ilmenite. A xenolith which is embedded in this
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o S 10cm
Fig. 50. Xenolithic and phenocrystalline dolerite (BD). The white patches are com­
posed af plagioclase and quartz. (No. 38528). Central part af Akuliaruserssuaq.

groundmass, is composed of numerous and large quartz grains, a weakly­
zoned plagioc1ase at about 45 Ofo An, containing occasional inc1usions
(of potassic feldspar ?), interstitial calcite, abundant fibrous zeolites,
and some phyllosilicates (biotite-chlorite) with a little leucoxene.

This xenolith, separated from the groundmass by a fine margin of
phyllosilicates, mainly chlorite, was apparently undergoing digestion.

Elsewhere a yellow-greenish xenocryst reveals numerous glassy
inc1usions forming a sort of lattice (PI. 9, fig. 1). It toa varies between
30-40 Ofo An.

The rock of this dyke approaches a quartz doleritic composition,
the xenolith, that of a tonalite-aplite, according to the terminology of
A. JOHANNSEN (1931). In a general manner these dykes practically all
enter into the category of the quartz dolerites ; this is also suggested
by frequent micropegmatitic associations between quartz and plagio­
clase.

Let us add that in other regions, on the basis of clearly defined
intersections, one or more well-individualized generations of these xeno­
crystalline dykes, called "Big Feldspar Dykes" (BFD), have been dis­
tinguished. In our territory this is not the case: as we have aIready
mentioned, the presence of xenocrysts and xenoliths is always localized
m space.
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Fig. 51. Igneous banding in a BD. The leucocratic and melanocralic bands are a few
mm or cm wide, and succeed each other in an irregular manner. It is nevertheless
evident that they decrease in wid lh as one goes towards the edge. The bands are,

as in this case, generally verlical and parallel to the direction of the dyke.

Igneous banding. This phenomenon is often well developed
(Fig. 51). The leueoeratie and melanoeratic bands are a few cm wide
and sueceed each other in a mainly irregular manner.

Generally the banding occurs in the direction of the dyke, and ver­
tically. Sometimes it is oblique to the walls of the dyke, and
inelined by 60-70° towards the . In one case it takes the form of horizontal
beds, in average 0.2 to 1 cm thick. The leucocratie layers, apparently
more resistant to erosion than the mafie bands, often form small ridges.

Acid and basic segregations. - "Pegmatito'ides". In all the
generations of dolerites, one may eneounter variations which are seem­
ingly more frequent in the BD1s. The products of these variations are
mainly composed of interstitial material, the residue of earlier crystalli­
zations, the composition of which depends on that of the initial magma.
Among the numerous authors who have made contributions to this
problem, W. Q. KE NED y's conc1usions (1933) are partieularly edifying;
they have been summarized in the two folIowing tables :
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"Pegmatito'ides" of olivine-basalt magma. "Pegmatito'ides" of tholeitic magma.

Quartz never present.

Feldspathoid minerals (nepheline and/or
analcite) present.

Potash and alkali-feldspars abundant;
may be associated with basic plagioclase.

Soda-bearing pyroxenes and amphiboles
frequently present in addition to titan­
augite.

Iron ores common.

Quartz always present.

Feldspathoid minerals never present.

Acid plagioclase is the predominant feld­
spar; orthoclase subordinate, and occurs
mainlyas micropegmatite.

Common augite and, more rarely, amphi­
bole are the characteristic ferromagne­
sian minerals.

Iron ores not conspicuous.

He suggests a common orlgm of basaltic magmas :

Common parental
/

Olivine-basalt magma-type
/

Trachyandesite
/

Trachyte
/

/

Phonolite

magma?

"Tholeitic magma-type

"Andesite

"Rhyolite

These pegmatites or "pegmatitoldes" form, in the dyke, spots,
streaks, even veins (Fig. 52), hardly exceeding 5 cm in thickness and 40
in length. They are rather uncommon.

Let us examine the case of an acid differentiation produet in a
BDi (sample No. 38534).

The dolerite is typical and coarsely crystallized, its texture granular
to intersertal, hypautomorphic. Its constituents are: a plagioclase show­
ing good twinning and zoningwithin the limits of andesine (mainly about
40-45 Ofo An), altering to sericite, a pinkish titaniferous augitic pyroxene,
with distinct dispersion, altering to biotite, vermiculite, chlorite and ore,
or uralitized into brown hornblende, some secondary epidote and small
amounts of apatite and opaque minerals.

The pegmatite reveals a cloudcd, grey-brown plagioclase in a much
less fresh state. It also shows twinning and zoning but is c1early more
acid than that of the dolerite ; it is an oligoclase with an average com­
position of about 20-25 0J0 An. Micropegmatitic quartz frequently
invades the plagioc1ase; there is also some interstitial quartz. An augitic
pyroxene alters to biotite with various colours (green, brown, sometimes
blood-red), and sometimes to epidote; uralite easily replaces it. Chlorite,
vermiculite and ore are also present, but in insignificant quantities,
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Fig. 52. An acid pegmalile Ol' "pegmatiloide" in a BD1. Patches, spots, slreaks Ol'

veins of cryslallized residual matler may occur. In the case of these dolerites, they
are usually of atonalitic composition. 1 km NE of pt. 812.

whereas apatite is represented by long, numerous and well-developed
needles.

The transition between the two parts is rapid but without a definite
hiatus: a dolerite gives way to a quartz-bearing microdiorite (approxi­
matelya tonalite). The grain-size of the elements increases notably in
the segregation.

As compared to the basic part of the dyke, the acid segregations
display microscopically the folIowing diITerences:

1) The plagioclase is much less basic.
2) The ferromagnesian minerals are much more idiomorphic.
3) Quartz is present and even abundant.
4) The quantity of apatite seems to have increased considerably.
5) Epidote is also much more abundant.
6) The texture is much less automorphic.



III Geological Investigations in the Region of Ivigtut 95

Chemically, the increase in silica and phosphorus seems to consti­
tute an important characteristic.

Another example (sample No. 32944) reveals large accumulations of
quartz, a plagioclase strongly altered to sericite, with weak zoning,
graphic aggregates associating these two minerals, a few grains of altered
orthoclase, abundant green and brown biotite, a littIe chlorite, a green
amphibole (hornblende) undergoing chloritization, and accessorily, grains
of magnetite lined with limonite, apatite, calcite, and sphene associated
with leucoxene and ilmenite. The composition of the plagioclase is
about 30 o/oAn.

The decrease in lime, the increase in potash, as compared to the
dolerite, the graphic micropegmatites, are all quite characteristic of the
dolerite-pegmatites of F. WALKER (1953), or of the "pegmatito'ides"
described by A. LACROIX (1928). The differentiation product is again to
be attributed to the family of the quartz-bearing microdiorites.

In certain cases the minerals of the dolerite, while remaining the
same, attain an abnormally large size. Amongst the various elements, the
only ones to undergo a noticeable increase in proportion are Fe and Ti.
Big accumulations (up to 3 cm) of magnetite and ilmenite, closely asso­
ciated, are formed (Fig. 53}. F. WALKER remarks on this occurrence as
well; he is, moreover, of the opinion that all these pegmatites constitute
late-stage events, when the dolerite is aIready emplaced, and its crystal­
lization well on its way. At the same time the proportion of volatile
elements and iron is quite high.

While the first two cases had a tendency towards a more acid com­
position, the third may be called a basic segregation. The two phenomena
are perhaps, in a certain measure, complementary.

One of these pegmatites (sample No. 38513) forms a layer, 2-4 cm
thick, perpendicular to the walls of the dyke, and inclined by 60-70°
towards the N. The transition to the dolerite occurs over 2-3 mm,
more or less gradually. By its composition, one may situate it between
the quartz-bearing microdiorites and the microgranites, since orthoclase
is also present; this mineral is frequently idiomorphic, quite altered,
and sometimes contains micropegmatitic quartz. There are a few second­
ary growths around plagioclase crystals, which are occasionally idio­
morphic and show weak zoning oscillating around 30 °10 An; twinning
is complex in practically all crystals; this plagioc1ase is frequently asso­
ciated with micrographic quartz. There is also some interstitial quartz.
Other constituents are: calcite, chlorite, biotite, sphene and leucoxene
surrounding ilmenite, a littIe apatite.

In one case, we observed a littIe vein composed of translucent to
transparent, well-formed crystals of quartz, averaging about 1 cm in
length. This siliceous residue brings us back to the problem summarized
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Fig. 53. Basic segregations mayaiso occur, sometimes near the acid pegmatites.
They are mainly composed of closely associaled magnetite and ilmenite bringing
out a local increase in the proportion of Fe and Ti. The two petrographic variations

may possibly be, lo a cerlain extent, complementary. 1 km ::\E of pl. 812.

by \"l. Q. KENNEDY. On one hand, in numerous dolerites of our reO'ion,
the proportion of olivine is quite considerable, on the other hand the
residue is often quartzous, which would suggest more readily an original
magma of tholeitic composition. It is perhaps necessary to po tulate a
certain amount of contamination in depth by the siliceous gneiss, i.e.
a process involving syntexis.

Transversal variations. Three cross-sections wore sampled in differ­
ent dykes and studied in an attempt to determine the variations between
their margins and centre. More samples were taken neal' the edges than
in the central part.

a) Ten samples in a BD1 (1 km E of pt. 590, in the centre of our
region), 40 m wide, 45E in direction, how the folIowing features:

1) The extreme ~W edge. The texture is finely sub-doleritic. The plagioclase
is fresh, but often contains inclusions which form either aggregates in the cenlre
of the cryslal Ol' streaks, more or less parallel to the outline of the crystal,
frequently separating zones of difierent composilion (PI. 8, figs. 1 and 2). This is
probably a process involving devitrificalion, as lhe inclusions are apparently
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mainly amorphous. The interstices contain very finely crystaIIized material,
as well as pyroxene, and well-formed, abundant olivine. In order to shor­
ten this description we will not give the detail of the secondary and accessory
minerals if there is no notable variation.

2) 50 cm from the NW edge. The texture is still sub-doleritic. The inclusions in
the plagiocIase persist. On the other hand, olivine has disappeared.

3) 1 m from the NW edge. The grain-slze is aiready 5-10 times larger than at the
edge. The feldspar still eontains inclusions. Small, rare and fresh grains of oli­
vine reappear.

lo) 10 m from the edge. The grain-size has inereased considerably, and the rock
takes an a slightly pegmatitic aspect. There are no more incIusions in the
feldspar; olivine has again disappeared. Magnetite and ilmenite are so abundant
that thcy form small veins. Amygdules eontaining mainly chlorite and limo­
nite are common, demonstrating the loeal importance of the gaseous phase.

5) 18 m from the NW edge. The texture is ophitie. Figures of devitrification
and olivine reappear.

6) 15 m from the SE edge. The texture remains ophitie. Littie zircons in the
phyllosilicates have engendered dark pleoehroie halos.

7) 7 m from the SE edge. There are no variations apart from the faet that the
texture is locally sub-ophitie.

8) 1 m from the SE edge. Alittle uralitic hornblende appears. The plagloclase
again contains amorphous inclusions.

9) 50 cm from the SE edge. A few phenoerysts are conspieuous. Olivine is still
present.

10) The SE edge. SmaIl feldspathic grains are embedded in a very fine groundmass.
Hornblende has practically completely replaced the pyroxene, which only sub­
sists in the centre of the grains. There does not seem to be any olivine.

Consequently, it seems that the major variation resides in the fluctua­
tion of the proportion of olivine.

In the samples of adequate grain-size, and which have undergone
moderate alteration, estimates of the respective percentual proportions
have been made.

Mineral No. 2 3 5 6 7 8 9
(38lo50) (38lo51) (38lo53) (38lo5lo) (38lo55) (38lo56) (38lo57)

Plagioclase ........ 56 70 51 68 65 57 56
Pyroxene ......... 21 15 2lo 12 16 20 22
Olivine ........... 9 15 9 9 8 11
Ore .............. 7 lo 6 5 7 7 8
Others ............ 16 2 lo 6 6 8 3

b) In a EDi (about 400 m S of pts. 850), 20 m wide, N50E in direc­
tion, the folIowing 8 samples reveal:

1) The extreme NW edge. The texture is interserta1. Olivine is very abundant,
its grains well-formed and superior in size to that of the other constituents.
Pyroxene is rare, epidote on the other hand is largely distributed, and forms,
in partieular, inclusions in the feldspar. There are possibly some interstitial,
glassy aggregates.

167 7
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2) 50 cm from the NW edge. The texture is ophitic, and the pyroxene well cry­
stallized.

3) 1 m from the NW edge. There is no variation apart from increase in grain-size.
4) 9 m from the NW edge. The grain-size is about twice that of sample No. 2.

Rare amygdules of chlorite-sericite are to be observed.
5) 2 m from the SE edge. There is no notable variation.
6) 1 m from the SE edge. The grain-size diminishes.
7) 50 cm from the SE edge. The grain-size becomes even finer.
8) The SE edge. The texture is finely ophitic. The minerals are all represented and

well crystallized. Epidote is again abundant, as in the opposite edge.

Mineral No. 2 3 4 5 6 7
(38519) (38520) (38521) (38522) (38523) (38524)

Plagioclase ................ 48 53 60 56 52 55
Pyroxene ................. 25 20 14 18 20 22
Olivine ................... 16 19 18 17 17 13
Ore ...................... 7 6 4 5 7 7
Others .................... 4 2 4 4 4 3

This dyke shows a marked constancy.
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7

7
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50
28

8
11

6
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5
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11
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6
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9
20

10
9

15
13

c) In a BD (1.6 km NNE of pt.670 at Akuliaruserssuaq), 25 m

wide, N45E in direction, 8 samples display the folIowing features:

1) The extreme NW edge. The texture is pilotaxitic to hyalopilitic. Abundant
epidote, chlorite, ore and microlites of plagioclase are the only well formed
minerals. The interstices are very finely crystallized.

2) 50 cm from the NW edge. The texture becomes sub-doleritic. Epidote, still
frequent, is accompanied by a well crystallized titaniferous, pigeonitic augite.
There is also a calcitic amygdule. Olivine is absent.

3) 6 m from the NW edge. The texture varies between sub-doleritic and doleritic.
The grain-size increases.

4) 11 m from the NW edge. The texture becomes ophitic. A little uralitic horn­
blende appears. Here and there chlorite forms cryptocrystalline amygdules. The
grain-size has suddenly increased and attains 5-10 times that of the previous
sample. The presence of minerals rich in volatile hydroxyl radicals is to be noted.

5) 9 m from the SE edge. Rare phenocrysts appear in an intersertal to sub-doleritic
texture. Olivine is suddenly present, and forms large but sparse grains. Small
zircons have given birth to pleochroic halos in the chloritic patches.

6) 4 m from the SE edge. The texture becomes doleritic. The grain-size clearly
diminishes. There are some amygdules of calcite and of orange-golden vermiculite.

7) 50 cm from the SE edge. The texture is intersertal or doleritic. Chlorite forms
veinlets.

8) The SE edge; The texture is again pilotaxitic to hyalopilitic. The composition
is the same as that of the opposite edge.

Mineral No. 2 3 4
(38553) (38554) (38555)

48 50 59
24 31 12

Plagioclase .
Pyroxene .
Olivine .
Ore .
Others .
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One must note the regular symmetrical increase of the proportion
of plagioclase towards the centre of the dyke; this variation has appa­
rently occurred at the expense of pyroxene and ore. The curious appa­
rition of olivine in one lone case must be considercd as a Iocal accident.
Possibly it has not even crystallized in situ.

These exampIes are sufficient to show that, in order to characterize
a dyke, and all the more so a swarm of dykes, sampling must be conducted
in a very vast and varied manner in an attempt to eliminate the effect
of particular cases.

Considerations on the magmatic chamber. The form of the
magmatic chamber constitutes a problem. Indeed, tectonic conditions
during the Gardar period exclude a horizontal space of great extent.
A. BERTHELSEN (1958) draws attention to the importance of the
"master-dykes" (100-200 m wide) at Ivigtut , which suggest the exi­
stence of a "giant-dyke" in depth, such as one may see further S, at
Nunarssuit. There the "giant-dykes" measure between 200 and 800 m
in width, and could very well constitute entirely or partially the infra­
crustal magmatic reservoirs. These enormous vertical volumes which
are actually occupied by a rock varying between a gabbro and an
augite-syenite, could have offered ideal conditions for gravitational
differentiation and concentration, by gaseous transfer of volatile alkaline
compounds.

Contact phenomena; effects on the country rock; formation of
granophyre. The effects on the country rock, produced by the dykes at
the time of their emplacement, are generally weak or inexistent. In one
case however did we observe some interesting phenomena. They occur
in the important group of dykes which passes E of summit 850 and at
summits 875 and 760, in the NE part of our region, and which will now
be described in detail.

Fig. 54 shows this swarm at the point where it presents these com­
plications.

Two generations, BDO and BD1, are visible; their directions are
practically parallel. The oldest dykes are darker, and their alteration
produces a greater quantity of gravel. The BD1s are of a more yellow
or orange-brown colour, and contain more pegmatites. These dykes,
2-15 m wide, suddenly, at this point, break up into an "en echelon"
or a bayonet disposition. The encasing rock is sporadically brick­
red over a few m. When this occurs the contacts are not sharp, but
gradual.

Fig. 55 shows the detail of this zone.

?*
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Fig. 54. The swarm of Brown Dykes, where contact phenomena belween the dole­
rites and the encasing gneiss occur. Two generations intersect each other; BDO and
BD1. The efTects on Lhe counLry rock are particularly evident where the eastern-

most BDl is "en cchelon". 2.5 km NNE of lake 470.
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Fig. 55. Detail of Lhe Brown Dykes whel'e contact phenomena occur. Contacts
between the dolerites and gneiss are locally gradual, mainly where a red tinge appears

in the country rock. 2.5 km NNE of lake 470.

From NW to SE, one notes:
1) A typical BD, 3 m wide.
2) A red zone where Lhe rock is quiLe compact; but locally vacuoles may appear.

The grain-size is medium. Pink fcldspars are easily distinguished from Lhe grains
of clear or milk;y quartz, 2-8 mm in diameter; there are also some grains of
epidote, limonitic spots and dark minerals.

3) A typical, ophitic BD. 3 m wide.
4) A red zone identical to the previous one.
5) A white zone, where big grains of quartz attain 1 cm in diameter. There are

tiny specks of dark minerals. The grain-size of the groundmass is fine. The rock
has locally a brick-like appearance.
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Fig. 56. The easternmost dyke (ED1) of the swarm, where interesting contact
phenomena occur, contains an explosion-breccia, demonstrating the importance of
the gaseous phase. Various xenoliths form up to 50-60 % of the rock. Their average

diameter is about 10-20 cm. 2.5 km NNE of lake 470.

These first 5 zones grade quite gradually from one to another. Then
follows:

6) Practically directly in contact with zone No. 5, Ol' separated from it by a
small wedge of gneiss, a ED 2-3 m wide, showing the folIowing particularities:
a) locally gradual contacts.
b) a mainly central zone, about 30 m long, containing various xenoliths, which
form 50-60 % of the rock. They measure 5-60 cm in width, with an average
around 10-20 cm. The aspect is that of an explosion-breccia; its detail will be
reviewed further on (Fig. 56).
c) acid segregations forming either vertical bands one cm wide, parallel to the
dyke, Ol' veins without orientation.
d) gabbro-pegmatites also forming vertical bands, 10 cm wide.
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e) aggregates of hornblende, the grain-size of whieh inereases eonsiderably,
attaining 0.5 cm. Loeally they form veritable hornblendites, eonsequently
basic segregations.
f) geodes, 10 cm in diameter, eontaining white or yellow, fibrous, idiomorphie
feldspars.

7) The gneiss with local red zones.

It therefore seems that the gaseous phase has been extremely im­
portant.

As for the red zones, they are very capricious. Their disposition is
often symmetrical in relation to the dyke, the rock being tinged over
2-3 m on either side. But sometimes only one edge displays this pheno­
menon. Longitudinally, the colour may be followed over 50 mbefore
disappearing for a few hundred m, and reappearing further on. We have
thus observed it sporadically all along this swarm, over a distance of
several km.

Composition of the xenoliths contained in the BDl.
They are of several varieties:

a) Blocks belonging to the white zone (5), with big grains of quartz.
b) Blocks belonging to the red zone (2 or 4), with big grains of

quartz.
c) Fragments of foreign rocks which never appear at the surface in

this region; these are consequently brought up from the depths. In com­
position they are either anorthosites (Fig. 57) or olivine gabbros. These
xenoliths have been found at two different places in the same dyke,
separated by a distance of about 1.5 km.

Microscopic observations - mineralogical descriptions.
The BDi. The texture is ophitic. The plagioclase, generally fresh,

shows twinning and zoning, which varies between an optically negative
andesine (35 % An) and alabradorite (60 % An). The alteration of the
pyroxene, a titaniferous augite, produces phyllosilicates (biotite, chlorite).
Sometimes a grain of brown or reddish hornblende is formed. In one case,
the amphibole contains an inclusion of rutile, while around it, biotite
has crystallized, itself enveloped in a chloritic aureole with fine needles
of sericite arranged according to the cleavages of the original pyroxene.
This aureole passes, further on, to a non-oriented mass of phyllosilicates.
Ore forms skeleton-like pseudomorphs of the pre-existent mineral; in a
more advanced stage, it forms dendrites. One notes numerous amyg­
dules mainly composed of green chlorite, hydromicas (vermiculite), bio­
tite, sericite and calcite. They are often forrned of a single crystal of
calcite enclosed in chlorite (PI. 4, fig. 1); a radial disposition is pre­
dominant and grain-size is often cryptocrystalline, certain aggregates
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Fig. 57. A large anorlhositic xenolith torn up from the deplhs. Il is to be found in
lhe same BDi as lhe above-ilIustrated explosion-breccia and xenolithic zone.

2.5 km NNE of lake 470.

never attaining a position of complete extinction between crossed nicols.
Here and there minute zircons form pleochroic halos in the phyllosilicates.
Other constituents are: penninite, saussuritic epidote, ore (magnetite­
ilmenite-limonite) and apatite (rare). The importance of the gaseous
phase is again evident, mainly because of the amygdules which show
an abundance of H 20 and CaC03 •

Another interesting fact is to be mentioned. Apart from the amyg­
dules, calcite may occupy the interstices between the laths of plagioclase,
without replacing them, like a pyroxene in ophitic texture.

The red zone. The texture varies from granoblastic to granophyric,
the latter being predominant. The following minerals are assembled:
1) a plagioclase, generally situated within the limits of oligoclase, is almost
everywhere filled with granophyric or micrographic quartz. A certain
amount of zoning may exist, and twinning is abundant and complex.
Albite with chessboard twinning is sometimes to be observed; it is formed
by a fine association of alternating lamellae, themselves composed of either
potassic or sodic feldspar; this is characteristic, according to J. D. DE

JONG (1941), of late-stage albitization. The plagioclase is tinged in
brown (cryptocrystalline iron-oxide), and altered to sericite and/or saus-
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surite. 2) a potassic feldspar is also quite abundant. It is either orthoclase,
readily altered to kaolinite and also tinged in grey-brown which gives it
a dusty aspect, or microcline, often idiomorphic, it too slightly coloured.
Orthoclase generally forms long laths with Carlsbad twinning. Both
potassic feldspars are frequently associated with quartz, sometimes in an
intimate manner; orthoclase and quartz, in particular, interpenetrate
each other here and there in finger-like fashion. Orthoclase and micro­
cline may locally coexist (in the same thin section for instance), but
generally only one is present, to the nearly complete exclusion of the
other. In certain cases microcline-perthite appears to form. 3) apart
from the granophyric quartz, there is some corrosion, secondary and
interstitial quartz, the extinction of which is usually undulatory. It is
always abundant and possesses numerous inclusions, mainly of apatite
and perhaps some gas bubbles. In certain grains one may see an idio­
morphic mineral forming rather numerous prisms which have the same
position of extinction as the quartz. They seem to be minute crystals of
orthoclase in full growth. 4) chlorite is abundant and forms either long
lamellae, fibres or needles, slightly green in colour, or spherulitic radia­
ted aggregates (amygdules) in which sericite is also abundant. Long
lamellae of distinctly dispersive muscovite are also common. 5) biotite
only exists as an accessory. 6) epidote may be primary or proceed
from the decomposition of the plagioclase; it forms yellow or brown
grains with very pronounced optical anomalies. 7) big grains of calcite
are frequent. 8) one notes occasional pseudomorphs of the potassic felds­
par by opaque minerals (mainly magnetite, ilmenite, limonite).
9) other constituents are: sphene-leucoxene-ilmenite, apatite and he­
matite.

Consequently, this rock corresponds to the approximate composition
of a granophyre.

The white zone. The texture is again granophyric to granoblastic,
the feldspar still an oligoclase (about 15 % An), showing slight zoning,
twinning, filled with granophyric quartz and strongly altered to sericite
with a littie saussurite. The quartz grains contain inclusions which are
arranged in a haphazard manner. Sericite is the main constituent of the
fibrous, very abundant and more or less round spherulites. Orthoclase
is distinctly more tinged than the plagioclase. Epidote, chlorite, ore (limo­
nite-magnetite), apatite, and a littie green or brown biotite make up
the rest of the rock.

The anorthositic xenoliths. Their texture varies: locally it is micro­
granular, practically equigranular, elsewhere slightly interserta1. The
rock is formed of a hypautomorphic to xenomorphic-granular plagioclase,
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showing twinning and zoning between 25 and 60 Ofo An, the average being
situated around a positive andesine. The dark minerals never exceed
5 Ofo of the total composition of the rock; this is already evident by its
colour. They are either rare aggregates of phyllosilicates (green or yellow
chlorite, yellow-hrown vermiculite, biotite), or yellow or green crypto­
crystalline masses. An augitic to pigeonitic pyroxene (2V near to 0°) is

Grey acid vein
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Fig. 58. White or grey acid veins may cut the BDi perpendicularly, while red zones
continue to appear sporadically in the encasing gneiss. As it shaH be stated further
on, the remobilized gneiss probably back-veins the dolerite. i km N of lake 470.

rarely to he found in the middle of these patches, to which ore is also
related. A few grains of calcite, as well as flakes of sericite, may form
dendrites; they proceed from the destruction of the feldspars.

The gabbroic xenolilh. The rock is very coarse-grained, the texture
hypautomorphic-granular or slightly intersertal, even suh-doleritic. The
plagioclase, generally fresh, sometimes altered to sericite, shows twinning
and zoning varying between 55 and 80 Ofo An. Mostly, it is an optically
negative hytownite. In its cleavages saussurite may develop with ahun­
dant streaks of epidote, as well as phyllosilicates (chlorite, hiotite,
sericite), ore (magnetite, ilmenite, hematite, limonite), even a titani-
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ferous augite and a less calcic feldspar. One observes a progressive de­
crease in lime around the inc1usions, which are, moreover, frequently
oriented in a single crysta1. This variation gives an impression of zoning.
Amongst the inclusions one must also mention olivine.

Between the feldspars, big xenomorphic grains of ferruginous olivine
alter to goethite, iddingsite and bowlingite. There is also a small amount
of pyroxene, a pink titaniferous augite, displaying evident dispersion.
Secondary phyllosilicates (sericite, chlorite, biotite, vermiculite), epidote
and not very abundant ore make up the rest of the rock which is a typical
olivine gabbro. (The proportion of apatite may be considered to be nil).

Before considering the petrogenesis of these rocks, we are going to
describe a case which occurs in the same dyke, three km to the SW.
There, as shown in Fig. 58, the red zones reappear and form capricious
and discontinuous tongues. Moreover, small veins 20-50 cm wide, grey
in colour, cut the dyke perpendicularly. They start from the red zones
or from the non-tinged gneiss, and are short-lived, as they penetrate but
a few m into the BD1.

These small, grey veins reveal, under the microscope, a microgranular
texture ; big grains of slightly zoned plagioc1ase (in average about 20 %
An) and quartz with undulatory extinction are conspicuous. One notes
grains of sphene associated with leucoxene and ilmenite, chlorite, some­
times forming amygdules, alittIe biotite, ore (magnetite, limonite),
apatite and epidote. Interstitial quartz is abundant. This composition
allows one to attribute this rock to the family of the quartz-bearing
microdiorites.

Petrogenesis. We eliminated quite rapidly the hypothesis of a com­
posite-dyke, with differentiations and segregations, in order to adopt that
involving rheomorphism of the encasing gneiss, under the effect of
thermal metamorphism, with introduetion of material in gaseous form,
by a process similar to that described by D. REYNOLDS at Slieve Gullion,
in Ireland (1948).

There, a Caledonian granodiorite is transformed into Tertiary grano­
phyre under the effect of a doleritic ring-dyke, constituting the skeleton
of an important volcanic edifice. The transformation is gradual and takes
place over more than 300 m. The ferromagnesian minerals are altered,
and a potassie feldspar develops at the contact between grains of pla­
gioc1ase and quartz which it progressively replaces, often in finger-like
fashion, a phenomenon to which we have drawn attention in the above
descriptions. A corrosion micropegmatite is formed and the rock becomes
a granophyre. The transportation of material results in an increase of
potash and silica whereas iron, lime and magnesia diminish. But the
introduetion of new elements is not very considerable.
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During the discussion following the presentation of this article,
P. GElJER remarked that similar observations have been made concerning
large, doleritic dykes in the Pre-Cambrian of Scandinavia. There, the
encasing rock often takes on a porphyritic aspeet, in which the "pheno­
crysts" are composed of grains of quartz and feldspar, non-transformed
relics of the encasing rock. This reminded us of an example observed in
the same swarm of dykes, where one sees a dolerite divide into two
branches which join up again a few m further on. The lens thus
determined takes on a porphyritic aspect, with very big "pheno­
crysts" of feldspar, while the composition does not seem to undergo
any change. The contacts between lens and dolerite are, moreover,
gradual.

P. ESKOLA'S remark, also following D. REYNOLDS' article, is another
important contribution to the thesis, according to which remobilization
or anatexis of the pre-existent rocks has occurred with formation of a
palingenetic magma.

In a later article D. REYNOLDS (1954) described in more detail the
process which seems to her to be mainly responsibie for this remobiliza­
tion; it is known in industry under the name of "Fluidization", the
principle of which is the following: a stream of gas is sent through a bed
of very fine, solid particles in order to facilitate mixture and chemical reac­
tions. At a slow rate of flow, only percolation occurs, without agitation
of the solid phase; the bed expands and the particles are separated. Ir
one increases the rate of the flow, bubbles are formed and rise through
the bed, creating violent agitation. Ir the gas flows even faster, the
bubbles increase in quantity, take hold of the solid particles, and
finally carry them away. D. REYNOLDS mentions several geological
phenomena in which this process might very well intervene.

We have aiready insisted on the importance of the gaseous phase in
the case with which we are concerned, and it undoubtedly played a
capital role in the transformation of the encasing gneiss; the necessary
introduction of thermal energy was produced, most probably, by a very
long extrusion of lava.

As for the littie grey veins described above, which cut the BD1
perpendicularly to its edges, they have the same composition as the
gneiss (which varies petrographically between a quartz diorite, a grano­
diorite and a calco-alkaline granite). We believe that in this case rheo­
morphism has prOduced an occurrence of back-veining, the remobilized
gneiss sending veinlets into the dolerite. This remindS one considerably
of the palingenetic dYkes and veins described by A. KAHMA (1951) in
SW Finland; there, an olivine diabase remobilizes all sorts of enca­
sing rocks. Micrographic texture is almost characteristic of this
process.
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E. B. BAILEY (1959), without being completely in agreement with
the mechanism suggested by D. REYNOLDS, confirms these remobilizations
of acid material by a basic magma (moreover, it is likely that
rheomorphism may only occur when the fusion points of the elements
concerned are quite different, as in the present case). He also mentions
other remobilizations of granophyre, and quotes the following remark of
D. REYNOLDS: "Any acid magma so formed would remain fluid longer
than the gabbro. Indeed, acid magma may actually have been forming,
whilst the gabbro solidified."

It is probable, as stated by E. B. BAILEyand W. J. MCCALLIEN
(1956) that, as well as fluidization, a certain amount of fusion has
occurred.

Significance ol the xenoliths ol anorthosite and olivine gabbro. As
mentioned above, the rocks to which these xenoliths belong never crop
out in this region. We have therefore precious indications on the com­
position of very deep leveIs, and one must conclude that there exists
a massif of olivine gabbro, of which the dolerites probably constitute
the hypabyssal manifestation. It is not rare that numerous crystals of
plagioclase assemble at the roof of such a massif, which would be the
source of the anorthositic fragments. Let us also mention that these
xenoliths are littIe or not digested by the magma which has transported
them.

c. Trachytes (PI. 16).

Towards the end of the Gardar period, following the emplacement of
the Brown Dykes (BD), a new magmatic activity takes place forming
rocks of a more acid and alkaline composition. This group of dykes is
distributed throughout the whole area but its density varies greatly from
one place to another. The term of "trachyte" is a field appellation in­
cluding different sorts of rocks. It is only under the microscope that the
presence, in the region of Ivigtut, of undersaturated, saturated and
oversaturated, alkaline and calco-alkaline types has been able to be
determined. In order to give a few names of species one must mention
true trachytes, phonolites, hedrumites, tephrites, tinguaites etc. Quite
extensive variations have been observed in a single dyke.

In our territory, trachytes are only represented by a few dykes
strictly concentrated in the NE part. They are always thin, never ex­
ceeding 1 m in width. They appear and disappear suddenly; one cannot
follow them over long distances. They run in a sinuous manner (they
rarely follow a truly straight line); their general direction is never­
theless about N60-70E. The grain-size is fine and quite frequent
phenocrysts (feIdspar, pyrobole or other) are to be observed. They are
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practically always strongly jointed; this phenomenon is seemingly to be
put rather on the account of cooling than on that of later tectonic
movements, which are, however, not to be neglected. Locally, they may
present apophyscs, restricted in number; they mayaIso be disposed
in swarms, sometimes "en echelon". Their age is well established through
intersections: they are cut only by Post-Gardar dykes and seem to
belong to a single generation.

Their colour is curious. The same dyke may be light grey, light
brown, brick red, dark red; the transitions from one tinge to another
are sometimes extremely sudden. In the small group of dykes passing
to the SE of the long lakes 180 and 155, the colour goes from grey to
brick-red and again to grey, the transitions taking place over 20-30 cm.
We will see further on that these variations in colour correspond clearly
to petrographic modifications, but the cause of these phenomena still
remains mysterious.

Let us examine in detail the above-mentioned dykes; the group in­
cludes one member, 1 m in width, and two others of about 0.5 m.

A first thin section was sliced in a sample of grey, fine-grained rock.
It reveals a fluidal texture in which the microlites of fresh, idiomorphic
albite neighbour long twinned laths of orthoclase with a rather dusty
aspect. They are accompanied by a feldspathoid, a very fresh nepheline,
which exhibits numerous square sections. In the interstices between
these minerals there is probably a clinopyroxene generally altered to
a brown, uralitic hornblende, which is more easily recognizable. There
is also some epidote in long needles, some finely crystallized phyllo­
silicates (sericite and green biotite), some apatite and alittIe iron-oxide,
the latter being a secondary product.

One may therefore classify this rock in the phonolite family.
Three km to the E, near summit 760, one may see a very sudden

change of colour. Under the microscope, the grey part shows a micro­
granular texture in which three sorts of phenocrysts are to be disting­
uished: a) a basaltic hornblende, light brown to red-brown, strongly
pleochroic, idiomorphic and fresh. Blue or blue-green spots, grading to
light brown through distinct pleochroism, appear in these hornblendic
crystals, particularly in the cleavages. This represents a transformation
into a sodic amphibole, approaching riebeckite. Rarely one may see
slight zoning due to an increase in iron content during crystallization.
b) a titaniferous pinkish augite, non-pleochroic, containing small quartz
inclusions, and grading, on its edges, into a uralitic amphibole. c) a
garnet which is black macroscopically but colourless under the micro­
scope. It is enclosed in an alteration border composed of fibrous chlorite.
This garnet is an andradite called schorlomite or melanite because of its
dark colour.
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The size of the phenocrysts is in average 2-3 mm, the garnet at­
taining 1 cm. There are two different feldspars: anorthoclase and finely­
twinned albite, both rather fresh, idiomorphic, microphenocrystalline,
and abundant.

In the matrix the concentration of aegyrine needles may be very
high; they show a pleochroism varying from light or dark green to paIe
brown. These needles are generally distributed in a haphazard manner,
but show here and there adistinet orientation. They are partially
transforrned into biotite and separate grains of leucite, more or less
altered to sericite and pseudoleucite.

EIsewhere aegyrine diminishes, seemingly to the advantage
of epidote in small yellow grains, accompanied by a littIe zoisite.

Apatite is a rare accessory.
This mineral assemblage permits one to classify this rock among the

leucite-bearing tinguaite porphyries (PI. 4, fig. 2).
Let us now take the brick-red part 40 cm distant from the previous

thin section. Its texture is mainly microgranular, but locally, feldspathic
laths elongated according to a well-defined direction determine a more
fluidal texture. Two feldspars and a feldspathoid are present: a) a potassie
feldspar, probably sanidine, perthitic in aspeet; its soda content situates
it quite near to anorthoclase. Long laths nearly always show Carlsbad
twinning. In appearance it is quite "dusty", with a slightly pink colour.
b) idiomorphic albite-oligoclase, generally sericitized, sometimes quite
fresh. c) scattered throughout the rock there are typical square or hexa­
gonal sections of nepheline showing weak zoning (variation in potash
content). It is slightly altered.

The groundmass is composed of a brown ferruginous mass in which
the minerals are not easily distinguishable. One may, however, recognize
a few augitic, titaniferous pyroxenes, the borders of which alter to leu­
coxene-ilmenite, and some green biotite and chlorite in very small quan­
tity. The phyllosilicates are frequently enclosed in a brown, cloudy mass
due to the exudation of ferruginous and titaniferous minerals. Amongst
the minerals forming the rest of the groundmass, one must mention :
apatite, magnetite and sphene (accessory minerals), sericite and kaolinite
(alteration minerals), as well as possibIe glassy residues.

The red colour is doubtless due to a very fine pigmentation of
secondary hematite, common in these rocks.

The petrographic classification of trachytes is complex; it varies
from one author to another, which does not facilitate the denomination
of these rocks.

In the case of the rock described hereabove, it may be called an
undersaturated trachyte, approaching a keratophyre, or a phonolitic
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trachyte, or still a phonolitic latite (nepheline-bearing), when the pro­
portion potassic feldsparjsodic feldspar varies, tending towards 1.

If one compares the grey and red parts, it appears that the alkaline
elements have undergonea difIerent distribution according to very local
conditions. Moreover, the red part is probably richer in iron. Unfortu­
nately, we lack precise chemical analyses which would help us to deter­
mine the process of transition, the rapidity of which remains its most
mysterious characteristic.

In the NE region, on the shore of Sermiligårssuk, a small trachytic
dyke, 50 cm in width, meanders through a big Brown (doleritic) Dyke.
The direction of the trachyte is N60 E, its grain-size fine. It contains
small, white feldspathic phenocrysts between 2 and 4 mm in diameter,
black, non-oriented needles 1-5 mm in length, sometimes in aggregates, as
well as small grains of pyrite (and chalcopyrite ?), undergoing limonitization.

Through the microscope one observes a microgranular, locally
equigranular texture, with the folIowing minerals: orthoclase, plagio­
cIase, quartz, hornblende, biotite, chlorite, opaque minerals and apatite.
1) orthoclase is abundant, sometimes fresh, generally altered to sericite
or kaolinite. It contains various small inclusions, mainly needles of
apatite. It is, moreover, heterogeneous, perhaps perthitic ; flame-like
lamelIae reveal the soda content (tendency towards anorthoclase). It
constitutes the phenocrysts. 2) a plagioclase accompanies the potassic
feldspar. Most frequently it is sericitized, or slightly saussuritized and rich
in inclusions. It shows good twinning (Carlsbad, albite, pericline), and
slight zoning, its composition varying by approximately 10 % of anor­
thite in the neighborhood of the boundary albite-oligoclase. 3) quartz
is present in the form of small, interstitial grains, and is also associated
with orthoclase in micropegmatitic associations; here and there it is more
vermicular, tending towards myrmekite. 4) green hornblende (pleo­
chroism: dark green-light brown), in small, idiomorphic or sub-idio­
morphic crystals, is associated with a mainly idiomorphic, uniaxial bio­
tite, blood-red in colour, and slightly pleochroic. Locally the latter loses
its colour, tending towards a brownish orange or yellowish tinge. Being
very ferruginous, it alters to limonite or hematite. Sometimes it is to
be found in the centre of the amphibole crystals; this is due to a late­
stage reaction of the magmatic phase rather than to alteration. This
biotite is itself altered to finely crystallized vermiculite, varying be­
tween orange, yellow and brown.

One must also mention a littIe green chlorite and some grains of
very dispersive penninite. Opaque minerals are quite abundant, sometimes
idiomorphic, and include magnetite, ilmenite and limonite. There is also
some apatite, in small needles.
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Another thin section cut in a rock not very distant from the previous
one, displays, moreover: muscovite, amygdules of pumpellyite, colourless
or slightly greenish (2 V = 50-60°, positive), and perhaps some epidote.

A littIe further on, the dyke becomes extremely thin (20 cm) with
a pilotaxitic, even hyalopilitic, locally intersertal texture.

As the proportion potassie feldsparjplagioclase may vary slightly,
this rock falls either into the category of oversaturated trachytes with
free silica (in the form of quartz), or in that of quartz-bearing latites.
In the case of the second thin section which we have just described,
quartz is sufficiently abundant for one to call the rock a calco-alkaline
rhyolite.

Of all the Gardar dykes, these acid rocks are the most radioactive,
which is what is normally to be expected.

Petrogenesis of the trachytes. It seems that a normal process
of differentiation is sufficient to explain the genesis of these rocks.
The case is very similar to that of the trachytes associated with
olivine basalts in certain islands of the Pacific (E. E. WAHLSTROM, 1950).
There, the trachytes have come up through the same channels as the
basalts. They constitute apparently a late-stage manifestation of
volcanic activity and the result of differentiation in depth of a basaltic
magma. The nature of the "trachytes" varies with the primitive com­
position of the original magma. Trachyandesites and latites, associated
with the trachytes, are probably intermediate products of the same
source.

In the case of these islands there does not seem to have been any
contamination (syntexis). Indeed, an olivine basaltic magma may nor­
mally produce a trachytic rock. Without contamination, only a tholeitic
magma may lead to an oversaturated rock; it is therefore probable
that a certain amount of digestion of acid rocks by the basalt has taken
place in our region, since, starting from a magma quite rich in olivine,
the final product in certain cases is a rhyolite.

D. Gardar Faulting (PI. 17).

Fault movements often separated the emplacement of two different
sets of dykes, through the alternation of phases of tension and compres­
sion.

Two fault systems played a particularly important morphological
role. Indeed, one has only to look at the map to note two principal fjord
directions, the most important being approximately WNW, nearly E-W,
the other NNE.
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The WNW system.

At various moments during the Gardar period considerable move­
ment took place along these faults which have been followed over more
than 200 km. It is supposed that they continue under the ice-cap and
form the rectilinear, narrow fjords of SE Greenland.

These fauIts determine depressions which may attain several hundred
m in width and are frequently invaded by the sea. The rock is generally
crushed, even mylonitized.

It is possibIe that vertical displacements exist in numerous cases
but the lack of well-defined correlating horizons renders their observation
difficult. It is however certain that the most important movement took
place horizontally; these features are therefore mainly transcurrent
horizontal faults. Displacements of several km are common ; this is the
case of Sermiligårssuk and Tigssahlp ilua. If one adds up the various
displacements of this fauIt system in the region of Ivigtut, the total
offset is not far from 25 km.

This fauIting constitutes one of the last manifestations of this period ;
in any case, these fauIts moved later than the emplacement of the most
recent Gardar dykes.

It is to this category that one must ascribe the big WNW fauIt
which passes on the southern shore of lake 470, displacing all dykes
(excepting TDs) by 140 m. .

The NNE system.

The map of our region also reveals the effect of these faults.
Indeed, they determine a set of small, parallel, lateral fjords which are
generally prolonged by a valley. Fig. 59 shows the fauIt which determines
Qerrulik.

At Eqaluit, the situation is slightly different. First of all, the direc­
tion of the fjord is less clearly defined; in faet it is a bay. Moreover,
the fault creates but a faint depression in the topography.

The effect of most of these faults becomes weaker as one goes towards
Sermiligårssuk. Here too the repercussion on the topography is evi­
dent. The N coast is much less jagged than the S coast.

In these depressed zones, often 10-20 m wide, the rock is generally
crushed; mylonitization causes, in extreme cases, a remobilization of
siliceous material which forms quartz veinlets. FauIt-planes are rarely
visible; they show slickensides, generally related to the last movement
of the fauIt. A dark, thin film occasionally covers these surfaces ; it is
composed of phyllosilicates (mainly chlorite) and some iron-oxides
which, if they are in sufficient quantity, may give the rock a red tinge.
Veins of muscovite also occur (PI. 3, fig. 2).

167 8
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Fig. 59. The hig NNE fault which determines Qerrulik.

III

The age of these fauIts has been precisely determined since they
occurred between the emplacement of the BD is and that of the BD 2s;
this important feature is valid for the whole region. Indeed, the same
system is to be found all over the territory around Ivigtut and ean be
followed far to the S in the region of unarssuit-Qagssimiut.

In general, the direction of the dislocation is rectilinear: it is a
narrow zone caused by a sudden and clean rupture. But in some cases,
the foliation is distorted by the fault; this is shown by the microfault
in Fig. 60. Moreover, dykes are frequently sheared, drawn out and
boudines in the tear zone. In the case of BDs, the plagioclase becomes
less basic, the pyroxene, rarely preserved, is transformed into biotite or
jnto hornblende through uralitization.
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Fig. 60. Drags in a microfault alTecting greenschists. This phenomenon mayaIso
occur on a very large scale. In gneissic areas, the foliation is frequenlly bent up
against the fault. ]f the dislocalion is quite importanl, lhis may take place over

a few dozen m.

The displacement appears to be mainly horizontal and always
dextral, except in one case. Here and there a vertical component is sug­
gested by slickensides on fault-planes, but it is of small extent.

We shall now review these faults, from W to E.

1) The first starts at Eqaluit and crosses the whole territory right
to Sermiligårssuk. The displacement increases from 350 m in the S to
500 in the N. Small fractures of moderate importance accompany it.

2) The valley N of Akuliarusiarssuk is caused by a fault which dis­
places a lamprophyre by 60 m.

3) At Kangerdlugssuaq there are two NNE faults separated by a
distance of about 400 m. They do not reach the N coast. Their displace­
ments are respectively 20 and 60 m.

4) The great fault of Qerrulik is the most curious. It determines all
the way along its course an important depression marked by numerous

8*
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small lakes. Its displacement varies considerably and very suddenly.
Where it penetrates into the territory mapped by M. Weidmann the
displacement is 50 m. To the NE of lake 470 it is 80 m. Near the SE
point of the same lake it increases rapidly and reaches 680 m. One km
further S it is reduced to bareIy 50 m, whereas at the embouchure of
the valley, it effects a large BD 1 by 760 m. These estimates leave littIe
doubt as to their correctness, as a number of dykes on each side of the
fauIt allow correIation.

How to explain such rapid variations in the displacement ? It seems
in any case that the movement occurred in an irregular and complicated
manner. An attractive hypothesis in order to explain the shortening of
the displacements along the fault is that which suggests folding of the
fault-blocks. This phenomenon has been brought to light by the measuring
ofaxiaI variation in the folds of the region mapped by N. HENRIKSEN,
Wof Ivigtut(N. HENRIKSEN, 1960). Unfortunately, folds formed in thisway
wouId have, in our case, an axiaI direction identicaI to that of the Ketili­
dian folds, thus rendering a distinction between the two extremely difficuIt.

To expIain the features observed in our territory, one must ima­
gine that certain parts of the SE compartment of the fauIt continued to
advance towards the SW under the effect of compression, whereas
other more resistant parts came practically to a stop. Through the
formation of small folds in the more plastic zones, the energy was absor­
bed and the volume of the displaced rock apparently reduced. It is pos­
sible that small folds were created simuItaneousIy in the other com­
partment. In spite of the lack of sufficient proof of such a process,
this hypothesis is the one which best explains the observed facts. C. A.
COTTON (1956) refers to these "buckling" phenomena in connection with
the teetonics of New Zealand.

5) In the SE corner of the region, at the northern extremity of the
valley where two long Iakes are to be found, a N-S to N 10 E fauIt dis­
places severaI dykes, but sinistrally, the displacement being about
20 m. It is the only example of a contrary movement observed in this
territory.

Apart from these, there exist numerous small fauIts beIonging to
the same category, with displacements not exceeding 30 m.

Another category of fallits, post-BD 1 in age, may be distinguished.
They seem to represent movements compensating states of slight in­
stability due to the major system; they are of small extent and
effect; sometimes displacement is nil, the rock only crushed. The general
direction of this group is NNW.

In one of these fauIts, we came upon a magnificent fault-breccia
(Fig. 61), which is an uncommon occurrence. The matrix is in variable
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Fig. 61. Faull-breceia. The matrix is eomposed of phyllosilieates. The eoarse ele­
ments are grains of oligoclase, quartz and epidote, and big eubes of rusty pyrite.

(No. 38539). Central part of Akuliaruserssuaq.

quantity (between 10-15 0J0 of the rock), and essentially composed of
phyllosilicates: very pleochroic biotite, in large plates, sometimes in
fibrous clusters, light green chlorite, sericite and muscovite (with slight
dispersion) and some antigorite. Limonite replaces the biotite plates. In
this matrix are embedded large grains of plagioclase (an oligoclase with
about 15 0J0 An), small grains of quartz with wavy extinction, sub-idio­
morphic epidote with a yellowish tinge, tending locally towards pied­
montite (red tinge), some zoisite, and big cubes of pyrite, with edges
from 1 to 3 cm, more or less transformed into limonite.

Mineralizations. It was mainly towards the end of the volcanic evolu­
tion that large quantities of volatile material escaped and reached high
leveIs. The courses that they followed are many and various: zones of
weakness in a general manner, in other words, joints, fissures, fauIts,
mylonites and dykes. One observes, especially in the dykes, great varia­
tions in the lateral and vertical distribution of the mineralizations de­
pending above all on the age, composition and the tectonic deformation
of these channels.

According to A. BERTHELSEN (1958), most of these deposits have
been destroyed by erosion.
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What is left of these mineralizations allows us, nevertheless, to define
the character of the emanations. In the main fault-zone, near Ivigtut,
where this phenomenon attained maximum intensity, the principal com­
ponents were H 2 0, CO 2, F, Cl, and S. Moreover, local concentrations of
radioactive minerals show a fair amount of Th.

This pneumatolysis has had but littie effect in the region under
study, situated at quite some distance from this zone of maximum
intensity. As for the particular components only the action of CO 2 merits
attention. This caused the formation of calcite (other carbonates are
nearly absent), especiaIly in the great crush-zones, in some dykes, some­
times elsewhere. Here and there, in certain mylonites, a small amount
of iron accompanies it, generally in the form of hematite. Moreover, we
observed rare traces of sulphides (pyrite), and it is not impossible
that small veins of tourmaline are also related to this phase, but as we
have aiready stated, the genesis of this boric mineralization is mainly
prior to the Gardar period ; it is more or less synchronous with the
formation of the Discordant Amphibolites (Kuanitic Dykes).

Radioactive minerals, prospected with a Geiger counter, appear to
be totally absent from our region.

E. Summary and conc1usions of the Gardar period.

The Gardar period begins by the emplacement of lamprophyric
dykes. A comparison is established between these dykes and the horn­
blende-Iamprophyres of the Skaergaard region on the E coast of Green­
land. In both cases they derive from a basaltic magma enriched in vola­
tiles (mainly alkali-compounds and H20).

The Brown Dykes constitute the most important group of the hypa­
byssal complex of the Gardar period. Three generations are distinguished,
solely on the basis of their direction, which varies between ENE and NE,
the first being that of the oldest dykes (BD O), the second, that of the last
(BD 2). Intrusion phenomena are noted: swarm, bayonet, "en echelon",
disposition etc. Moreover, one observes variations of grain-size (chilled­
margins, gabbro-pegmatites etc.), of texture (mainly ophitic), and of
petrology (acid, basic segregations, "pegmatitoldes", transversal varia­
tions; in composition, they range from quartz dolerites to troctolitic
dolerites). They contain phenocrysts, xenocrysts, gneissic or anorthositic
xenoliths. A few considerations on the very unlikely existence of a
magmatic chamber with great horizontal extent are followed by the
description of contact phenomena with effect on the encasing rock, a
homogeneous gneiss, which is locally transformed into granophyre; the
process is described with some detail.
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Last manifestation of the hypabyssal complex, the group of the
trachytes displays a quite wide diversity. In faet this field denomination
includes types going from undersaturated (phonolite, tinguaite) to over­
saturated (calco-alkaline rhyolite). While a proeess of differentiation
readily explains the petrogenesis of most of these dykes, in the case of
a rock with free siliea, a certain amount of contamination must have
oeeurred.

Faulting played a very important part in this period. Two main
fault-systems determine the great WNW and the lateral NNE fjords.
The displacements of the major system are considerable. Moreover,
there exist numerous other fractures of smaller extent.

Some rare pneumatolytic mineralizations are reviewed.



THE POST-GARDAR PERl OD

The only important phenomenon which takes place during this
period is the emplacement of a swarm of doleritic dykes more or less
parallel to the coast. Their disposition is similar to that of the famous
dyke formations, on the W coast of Scotland.

A. Description of the Trap dolerites (PI. 18).

Direction. Most are NNW and belong to the same generation. Only
one example of ayounger dyke running approximately N-S has been
observed, and its relative age determined through intersections. More­
over, they are diversely inc1ined towards the SW; generally the dip is
about 75°, in some cases the angle may decrease to 45°. These variations
in dip are observable from one dyke to another, or along the same dyke.
Further inland, the inc1ination seems to increase.

Emplacement phenomena. Usuallyrectilinear, they may in certain
cases meander (this depends on the adopted fissure) ; N of Qerrulik one
of the NNW dykes leaves its course to follow, over a distance of about 400
m, the great N10E mylonite, before turning aside (see Fig. 40). Another,
at Akuliaruserssuaq, follows the margin of a large AD, then c1early pene­
trates into the interior of this dyke, before leaving it towards the SE.
The two dykes are in contact with each other over approximately three
km. They mayaIso display an "en echelon" arrangement, and possess
apophyses. ane of them splits up into two equal branches before
reaching the sea on the S coast of Akuliaruserssuaq.

Distribution. Quite common to the W, they become more and more
rare towards the E, and almost completely disappear at the eastern limit
of our region.

Width. Some are 40 m wide, the average being about 10-15 m. The
rare dykes in the eastern parts are only about 1 to 2 m, even 0.2 to
0.5 m wide. Consequently, their width, like their frequency, diminishes
from W to E.
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Fig. 62. A Trap dolerite (TD), about 10 m wide, forming a small crest above the
encasing gneiss. !ts course is slightly sinuous. Cenlral and western part of Akuliaru­

serssuaq.

Erosion. They are mainly characterized by their "steps" which are
the result of horizontal and vertical joint-systems (columnar jointing) ,
most probably a direct consequence of cooIing. These "steps", generally
0.5 to 1 m high, and other features too, justify the use of the term
"Trap Diabase" (TD), in connection with these dykes. Weathering
loosens the blocks, and rounds ofr their corners, transforming them into
more or less spherical boulders which finally crumble into graveI. The
dykes generally form crests above the encasing gneiss (Fig. 62). Like the
Brown Dykes, they are more resistant than the country rock to glacial
erosion, but less resistant to weathering.

General macroscopie aspeet. These dykes bear a considerable re­
semblance to the Gardar dolerites and without field criteria (intersections,
directions), it would be practically impossible to distinguish between
them. Their superficial colour, however, often seems to be redder than
that of the Brown Dykes. The rock is massive and the texture (mainly
ophitic) appears clearly on the brown or grey-brown weathered surface.
The fresh co]our is generally dark grey. The grain-size is variable; the
edge of a big dyke may be very fine, even glassy (chilled-margins), the
centre being very coarse.
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Fig. 63. Igneous banding in a Trap dolerite (TD). The acid segregation is vertical,
parallel to the direction of the dyke, and about 5 cm wide. Its longitudinal extent

is only about a few m. 2.5 km NNE of Angmassivlt.

One may observe, as in the case of the Brown Dykes, zones rich in
phenocrysts, where the crystals of plagioclase are in average a few cm
long, sometimes attaining 8 cm. Here and there augite also stands out
conspicuously, but its size does not exceed 0.5 cm. Xenoliths are rather
rare; they are always enclaves detached from the walls.

Igneous banding may be locally developed (Fig. 63), the segregations
being rectilinear with a more or less sharp contact; they form vertical
bands a few cm wide (5 at the most), but which are not of great
longitudinal extent.

Petrology. nder the microscope these dolerites vary but little.
The texture may be ophitic (this is the most frequent case, PI. 5, fig. 1),
sub-ophitic, doleritic or simply interserta1.

The plagioc1ase is generally very fresh. Twinning is always fre­
quent and often complex. Normal zoning shows a variation of plus or
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minus 10-15 % of anorthite with an average composition of about 50 Ofo
An: one notes, therefore, zoned crystals which vary between an optically
negative andesine and alabradorite with 60 % An. It is sometimes brown­
ish due to an exudation of cryptocrystalline hematite. EIsewhere it may
be strongly sericitized, saussuritized or altered to zeolites. In the two
last cases, the transformation is the result of late-stage magmatic,
pneumatolytic activity.

The pyroxene often exists in two forms, monoclinic and ortho­
rhombic.The first is an augite, commonly diopsidic, pinkish and titani­
ferous. Its alteration, generally weak, produces biotite, chlorite, sphene,
leucoxene and ilmenite. Twinning is rare. A brown uralitic hornblende
sometimes replaces the pyroxene, appearing along its c1eavages, then
spreading further. The second pyroxene is a light-coloured bronzite,
in big grains, optically negative, with parallel and often undulatory
extinction. Its alteration is similar to that of olivine, its refringence
lower than that of the monoc1inic pyroxene; uralitization and twinning
are less frequent. Both pyroxenes are commonly and closely associated;
one (mainly augite) may even exist as an inclusion in the other. Both
display occasional idiomorphic forms. Quite often only augite is present,
bronzite being totally absent from the rock.

Olivine is never very abundant and may be sometimes com­
pletely lacking. It is colourless and alters readily, beginning from the
edges and along fissures, to iddingsite, bowlingite and limonite.

Biotite, as well as being the alteration-product of ferromagnesian
minerals, mayaIso be primary, but in insignificant quantity. It is brown,
orange, sometimes very red, and forms patches which are often very
finely crystallized, even cryptocrystalline. The proportion of iron is
always very high. When it undergoes alteration, either orange vermiculite
or a green chlorite is formed.

Opaque minerals are ubiquitous and abundant. They include
mainly magnetite, ilmenite, limonite, sometimes hematite and pyrite.
Theyare either primary or alteration products of the ferruginous minerals.

Ap a ti te is always present and forms idiomorphic, more or less thick
rods. Hexagonal sections are frequent.

S p h en e is quite rare and commonly associated with leucoxene and
ilmenite.

Micrographic quartz. These micropegmatitic associations (PI. 5,
fig. 2), although not always present, are in some cases magnificently
developed, the quartz forming numerous hieroglyphs in the plagioclase.
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This shows that the residual liquid is sometimes slightly quartzous, the
rock having a tendency towards a quartz dolerite.

Zeolites. Very commonly one comes upon these white, fibrous
minerals, with parallel or slightly oblique extinction. Generally formed
at the expense of the plagioclase, they may themselves be sericitized.
They are caused by late-stage magmatic, gaseous activity and are either
intimately associated with the rock, or appear in amygdular druses. Some­
times they grow on a joint-plane. An X-ray diagram revealed stiIbite.
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Sericite-muscovite appears through alteration of the plagio­
clase; a few more important lamelIae may possibly have developed
during the last phase rich in volatiles.

The folIowing table shows the percentual proportions of the difIerent
minerals.

No. No. No. No. No. No. No. No. No. No.
32903 32927 32947 32948 32951 32952 32953 32955 32969 33000

44 60 54 58 47 48 70 52 56 60
26 24 28 28 6 2 20 30 24 22

39 44

Plagioclase .
Pyroxene M .
Pyroxene O .
Olivine .
Ore 10
Others (Phyllosilicates,

apatite, sphene) 20

B. Petrogenesis of the Trap dolerites.

The fresh state of these dykes, the faet that they are never faulted,
their disposition, strongly suggest a close relationship with the Plateau
basalts further N. Their age would therefore be Upper-Cretaceous or
Tertiary. Moreover, L. R. WAGER and W. A. DEER (1938) have described
a similar swarm of dykes on the E coast, inclined towards the continent,
i. e. in the same sense as in our region.

In both cases it seems that basaltic lavas have come up through
more or Iess parallel fraetures caused by a Tertiary coastal flexure.

C. Summary and conc1usions of the Post-Gardar period.

A great lapse of time separates the end of the Gardar and the
emplacement of two generations of dolerites, more or Iess parallel to the
coast. These hypabyssal rocks are to be compared to a similar swarm
on the E coast. They are probably related to the Plateau basalts further
N and came up through parallel fraetures, caused by a (Tertiary?)
coastal flexure.



GENERAL CONSIDERATIONS ON THE EVOLUTION
OF THE KETILIDIAN OROGENY

The geological history of the Ivigtut region is a very instructive
example of the complete evolution of an orogenic cycle. The following
summary of the succession of events brings this to light:

a) a geosyneline comes into being during a preorogenic stage.
Sedimentation takes place in a zone of subsidence. Thick deposits are
formed through the erosion of the neighboring continent; they are accom­
panied by ophiolitic and spilitic intrusions and effusions. This accu­
mulation of material corresponds, in our region, to the Sermilik and
Arsuk groups. The lowest levels undergo the early effects of regional
metamorphism.

b) folding begins, accompanied by the rise of cordilleras. The role
played by metamorphism and migmatization becomes gradually more
important. This corresponds, grosso modo, to the N-S to NNE defor­
mation.

c) the main features of this stage are intense folding, strong meta­
morphism and increasing migmatization ending in the formation of an
anatectic granite. At the same time, a serpentine belt becomes indivi­
dualized, indicating the zone of maximum orogenic activity (H. H. HESS,
1939). This corresponds to the major Ketilidian tectonic events.

Thus a mountain chain has risen, and now begins the ascent of deep­
seated material.

d) while deformation still continues, syn-tectonic granites are em­
placed, preceded in time and space by the various stages of migmatization.

e) fracturation occurs which allows the emplacement of basic magma
in the form of dyke-systems, represented in our region by the Kuanitic
Dykes.

f) the next phase is characterized by a rise of the thermal front,
probably accompanied by a certain degree of subsidence. Diffuse post­
tectonic granitic bodies are emplaced. Deep levels are reactivated, and
the basic dykes metamorphosed. This is the Sanerutian period, which
ends by the intrusion of post-tectonic potassic granites "circonscrits"
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into the upper leveIs. This particular period may be considered to be a
repercussion of the NagssugtOqidian orogeny which gave birth to a
mountain chain further N, in the vicinity of Disko Bugt. The cor­
relation is based solely on absolute age determinations and would tend
to detach the Sanerutian period from the Ketilidian orogeny.

g) erosion has never stopped being active, and at this stage, where
the last orogenic movements have come to an end, the mountain chain
is slowly destroyed. A peneplain is left, on which are deposited arkosic
and molassic sediments: the Igaliko sandstones, which are preserved only
in a graben further S, in the vicinity of Narssarssuaq. They mark the
beginning of the Gardar period, whose main feature is an alternation
between states of tension and compression corresponding respectively
to the intrusion of igneous rocks and fault-movements. Volcanic acti­
vity is intense; numerous generations of various hypabyssal rocks
are separated by dislocations of more or less great extent. To the S of
our region, various large syenitic massifs are emplaced at the beginning
and at the end of the period.

h) after a Iong interval, continental flexure allows basaltic magma
to extrude. This forms the Plateau basalts and the Post-Gardar dolerites
(TD).

i) from this point on, only the weathering action of the elements
and glacial abrasion affect the rigid shield.



RESUME

Dans le cadre des recherches menees par le G. G. U., 1'etude d'un
terrain situe au NW d'Ivigtut, entre les fjords de Tigssahlp ilua et Ser­
miligarssuk, a ete entreprise. Cette penepIaine, OU les effets d'erosion
quaternaire, particulierement glaciaire, ont ete importants, fait partie,
geologiquement, du bouclier canado-groenlandais. Depuis la reconnais­
sance de C. E. WEGMANN (1938), l'histoire geologique de cette region a
eM divisee grossierement en une phase orogenique, pendant laquelle est
nee la chaine des Ketilides, et une phase de tension avec fractures et mise
en place de filons (periode de Gardar). Les etudes recentes ont mis a
jour deux periodes interm8diaires: la periode kuanitique, OU se sont mises
en place des do18rites, et la periode sanerutienne pendant laquelle des
transformations des roches preexistantes ont eu lieu, grace il une remontee
du front thermal.

Pendant la periode ketilidienne, une chaine de montagnes s'est
constituee, OU l'on peut distinguer une infrastructure migmatisee et
une suprastructure comprenant une serie d'ectinites. Les differences
principales entre ces deux unites sont d'ordre structural et lithologique.
La petrographie macroscopique et microscopique de ces roches est passee
en revue.

La suprastructure se compose de schistes pelitiques, basiques,
quartzo-feldspathiques, ferrugineux, et magnesiens, qui ont recristallise
dans les deux premiers sous-facies des schistes verts, selon F. J. TURNER
et J. VERHOOGEN (1960). L'infrastructure est caracterisee par des gneiss
divers (rubanne, il schlieren basiques, homogene), dont un seul membre
sort de la banalite, soit les gabbro-anorthosites; l'origine de ces roches
curieuses est fortement debattue. L'apparition d'un grenat dans ces
gneiss suggere un facies metamorphique legerement plus profond.
L'ensemble represente probablement la transformation des roches de la
serie d'Arsuk (C. E. WEGMANN, 1938).

Des zones rouillees ("rust-zones") peuvent avoir plusieurs origines.
Dans les scrustes verts, il s'agit probablement de bancs sedimentaires
pyriteux transformes. Dans les gneiss, elles sont plutOt liees a des zones
de broyage.
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Les pegmatites sont surtout du type simple, quartzo-feldspathique.
Un certain zonage, une structure en "pinch-and-swell", des plissottements
ptygmatiques, sont phenomenes courants. Les pegmatites complexes,
contenant des mineraux d'origine pneumatolytique ou hydrothermale,
sont moins frequentes. La plupart de ces filons se sont probablement
formes par remplacement, grace il. une lente diffusion de materiel acide
dans les zones de faiblesse.

Soit dans l'infrastructure, soit dans la suprastructure, il existe des
lentilles de roches ultrabasiques, surtout sous la forme de serpentine, ou
de talcschistes. Des phenomenes de reaction, au contact d'une pegmatite,
sont decrits. Plusieurs arguments sont avances en faveur de l'hypothese
d'un sill mis en place dans les sediments frais et gorges d'eau du geo­
synclinal.

Toutes ces roches ont subi des deformations intenses que l'on peut
diviser en trois phases:

1) une phase pre-migmatique N-S il. NNE.
2) une phase majeure migmatique WNW.
3) une phase surtout post-migmatique NE il. ENE.

Il n'y a pas d'indication d'un arret considerable entre les diverses
phases.

Durant la premiere phase, des plis petits et raides se sont formes,
dont le style suggere une predominance de materiel schisteux.

La deuxieme est caracterisee par la formation d'une suprastructure
en forme de synclinal et par la montee de domes migmatiques composant
l'infrastructure, ou de grands plis, plus ou moins couches, sont separes
par des sync1inaux pinces et profonds.

Aux endroits ou ces deux premieres phases ont ete tres actives, on
assiste il. des phenomimes de "crossfolding" (tectoniques superposees) et
de "wild-folding". L'emploi du canevas de Wulf s'est avere tres utile
pour ec1aircir ces problemes; des exemples sont donnes.

Les effets de la troisieme phase ne sont pas tres visibles dans cette
region, puisqu'il s'agit de deformations (plissements et torsions) il. tres
grande echelle. Le laminage de la suprastructure en a peut-etre ete le
principal resultat. Une certaine microc1inisation semble egalement en
etre une des manifestations.

L'aboutissement de la tectonique ketilidienne est l'individualisation
d'une suprastructure et d'une infrastructure, generalement separees par
une discordance structurale.

Le caractere polymetamorphique des roches ketilidiennes est resume,
les diverses transformations par metamorphisme sont succintement de­
crites, et la relation etroite entre migmatisation et metamorphisme
regional affirmee.
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La migmatisation et son rapport avec la tectonique revelent d'inte­
ressants phenomenes. Un front migmatique complet peut etre suivi de
l'infrastructure å la suprastructure. L'association etroite entre sa mise
en place et les plis WNW est tout-å-fait evidente. La distribution des
facies migmatiques dans l'anticlinal couche, au NNE d'Angmassivit,
demontre ce fait de fal/on particulierement claire. La migmatisation et
la seconde phase de plissement sont nettement contemporaines. Oli il
existe des barrieres resistantes (horizons quartzitiques), le front migma­
tique arrete est concordant avec la stratification primaire de la supra­
structure.

La migration d'eIements et le metasornatisme sont passes en revue.
n est demontre que le sodium a migre plus loin que le potassium, qui
reste cantonne dans les zones profondes. La migration du calcium est
grandement responsable de la formation d'oligoclase basique, amphibole,
calcite et epidote.

Des veines et pellicules hydrothermales sur la surfaee des diaclases
sont frequentes. Elles se composent principalement de magnetite, biotite
et chlorite.

Pendant la periode kuanitique, trois generations de dolerites tholei­
tiques se sont mises en place dans trois directions distinetes. Leur largeur
et densite de distribution peuvent varier considerablement.

Une remontee du front thermal caracterise la periode sanerutienne.
Toutes les roches preexistantes subissent un metamorphisme assez faible.
En particulier, les filons kuanitiques sont transformes en metadolerites
selon les processus decrits par J. SUTTON et J. WATSON (1951). L'apport
migmatique et metasomatique est tres reduit. Plusieurs systemes de
dislocation et zones de broyage ont ete distingues.

Des determinations d'åge absolu suggerent une correlation entre la
reactivation sanerutienne et l'orogenese nagssugtoqidienne, dont les
traces subsistent entre Søndre Strømfjord et Disko Bugt, egalement sur
la cate W, mais plus au N (A. BERTHELSEN, 1961).

La periode de Gardar commence par la mise en place de filons lam­
prophyriques. Une comparaison est etablie entre ces dykes et les lam­
prophyres å hornblende de la region de Skaergaard, sur la cate E du
Groenland. Dans les deux eas, ils derivent d'un magma basaltique, enrichi
en substances volatiles contenant alcalis et eau.

Les "Brown Dykes" constituent le groupe le plus important du
complexe filonien de la periode de Gardar. Trois generations se distin­
guent uniquement par leur direction, qui va de ENE å NE, la premiere
direction etant celle des filons les plus vieux (BD O), la seconde, celle des
derniers (BD 2). Des phenomenes de mise en place sont releves: disposi­
tion en "swarm", "baionette", "echelon", etc. En outre, on note des
variations de la taille du grain ("chilIed-margins", gabbro-pegmatites

167 9
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etc.), de la texture (surtout ophitique), de leur petrographie (segregations
acides, basiques, pegmatito'ides, variations transversales; en composition,
ils varient entre do1erite quartzique et troctolitique). lIs contiennent
phenocristaux, xenocristaux, xenolithes gneissiques ou anorthositiques.
Quelques considerations sur l'existence peu probable d'une chambre
magmatique, etendue dans le sens horizontal, sont suivies de la de­
scription d'un phenomene de contact avec effet sur la roche encaissante,
un gneiss homogene, qui est transforme localement en granophyre; le
processus est decrit avec quelque detail.

Derniere manifestation du complexe filonien, le groupe des trachytes
montre une assez grande diversite. En fait, cette denomination de terrain
comprend des types allant du sous-sature (phonolite, tingua'ite) au sur­
sature (rhyolite calco-alcaline). Si un processus de differenciation explique
assez aisement la petrogenese de la plupart de ces dykes, dans le cas des
roches il. silice libre, un certain degre de contamination a du avoir lieu.

Les manifestations de la tectonique cassante ont ete tres importantes
pendant la periode de Gardar. Deux grands systemes de failles determi­
nent les fjords majeurs WNW, et les fjords lateraux NNE. Les rejets du
systeme majeur sont considerables. En outre, il existe quantite de cas­
sures de moindre importance.

Quelques rares mineralisations pneumatolytiques sont passees en
revue.

Dn grand laps de temps separe la fin du Gardar de la mise en place
de deux generations de dolerites plus ou moins paralleles il. la cate. Ces
roches hypabyssales sont il. comparer il. un essaim semblable de la cate E.
Elles sont probablement liees aux basaltes des plateaux, plus au N, et
auraient emprunte des cassures paralleles, causees par une flexure c6tiere
(tertiaire ?).



RPATI01:rI O'B30P

MCCJIelJ,OBaHlle TeppllTOplUI paCrrOJIOmeHHo:ti: K CeBepO-SarralJ,Y OT

MBllrTYTa, MemlJ,Y IfJllOplJ,aMll Tllrcca,iIyrrllJIya II CepMllJIllrapCCYK, rrpOll­

SBOlJ,llJIllCb KaK lJaCTb MCCJIeIl;OBaTeJIbCKo:ti: pa60TbI r. r. Y. STOT rreHe­

rrJIeH, rll;e 81fJlfJeKT lJeTBepTlllJHo:ti: 8pOSllll HBJIHeTCH OlJeHb BamHbIM,

oco6eHHO JIelJ,HllKOBaH a6paSMH, rrpllHalJ,JIemllT reOJIOrMlJeCKll K KaHaIJ,O­

rpeHJIalJ,CKoMY llIllTyo Co BpeMeHll llCCJIelJ,OBaHMH rrpOllSBelJ,eHHoro

R. E. BerManoM (1938 r.) reOJIOrlllJeCKaH MCTOPllH 8TO:ti: 06JIaCTll 6bIJIa

paSll;eJIeHa Ha opOreHIIlJeCKYIO lfJasy, BO BpeMH KOTOPO:ti: IfJOpMllpOBaJIaCb

KeTllJIMll;aHCKaH n;errb, II lfJasy HarrpHmeHM:ti: c 6JIOKTeKToHIIKo:ti: M

ocamp;eHMeM p;eMKOB (rapp;apCKllM rrepMOp;) o IIOCJIep;Hlle llCCJIep;OBaHMH

BbIHBllJIM p;Ba rrpoMemYTOlJHbIX rrepMop;a, KyaHMTHbI:ti: rrepMOp;, BO BpeMH

KOToporo rrpOMSOIIIJIO BHep;peHMe ;n:OJIepIITOB, M caHepYTIIaHCKM:ti: rrepMo;n:,

BO BpeMH KOToporo rrpOllSOIIIJIa TpaHclfJopMan;llH rrpep;cYllIecTBYIOII\MX

rropo;n: B peSYJIbTaTe YBeJIMlJeHMH TepMMlJeCKOrO IfJpoHTao

Bo BpeMH KeTMJIM;n:aHCKoro rrepllop;a IfJOpMMpOBaJIaCb ropHaH n;errb

B KOTOPO:ti: MomHO OTJIMlJMTb MMrJ\'IaTMSMpOBaHHYIO llHlfJpaCTpYKTYPY M

cyrrpacTpYKTYPY COCTOHllIM8 MS 8KTMHMTOBbIX cepM:it. IIpMHn;llrraJIbHaH

paSHMn;a Mem;n:y TbIMM ;n:BYMH lfJopMaMM SaKJIIOlJaeTCH B CTpYKType II

JIIITOrpaIfJMM. PaCCMaTpMBaeTCH MaKpOCKOrrIIlJeCKaH II MMKpOCKOrrMlJe­

CKaH rreTporpalfJlIH 8TIIX rropop;.

CyrrpaCTpYKTypa BKJIIOlJaeT B ce6e rreJIIITOBbIe, OCHoBHble, KBapn;O­

lfJeJIbp;IIIrraTOBbIe meJIeSMCTbIe u MarHeSMaJIbHbIe CJIaHn;bI, KOTopble rrepe­

KPUCTaJIIISUpOBamICb B ;n:BYX rrepBbIX SeJIeHO-CJIaHn;eBbIX cy6lfJan;uax

COrJIaCHO c;().m. TypHep II m. Bepryren (1960 r.) o CyrrpacTpYKTypa

xapaKTepHa paSJIlIlJHbIMll rHe:ti:caMM (rrOJIOClJaTbIMM, lJeIIIy:ti:lJaTbIMll, 1'0­

MoreHHbIMll) MS ROTOPbIX op;eH lJJIeH CTporo OTJIIIlJaeTCH, a UMeHHO, rap6o­

aHopTosUTbI. IIpoMsxomp;eHMe 8TUX rropop; o6cymAaeTcH OlJeHb CTporo.

IIOHBJIeHlle B 8TUX rHe:ti:cax YKaSbIBaeT Ha HeMHoro rJIy6IIIMe MeTa­

MoplfJHlJeCKIIe lfJan;llll. B o611IeM 8TH rropop;bI rrpeACTaBJIHIOT, rro Bll;n:HMY,

TpaHclfJopMan;MIO apcyKcKO:ti: rpyrrrrbI (R.E. BerMann, 1938 ro).

PycToBble SOHbI HBJIHIOTCH paSJIIIlJHOro rrpollsxomp;eHuH. B SeJIeHbIX

CJIaHn;aX OHn, rro BMp;MMY, IIMeIOT OCap;OlJHble rrJIaCTbI cOAepmaIOllIlle

rrMpMT o B rHe:ti:cax OHM lJallIe Bcero OTHOCHTCH R SOHaM paSAaBJIMBaHIIH o

9*
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IIerMaTMTbI HBJIHIOTCH rJIaBHDiM 06pa30M KBapIIo-epeJIb,n;mrraTHoro

TMrra. 30HaJIbHOCTD, CTpYRTypa p03,n;yBOB M rrepemMMOB a TaRme rrTMr­

MaTMlIeCRMe 06pa30BaHMH MMRpOCRJIa,n;OR HBJIHIOTCH TeRyrrrMM HBJIe­

HMeM. ROMrrJIeRC rrerMaTMTOB co,n;epmarrrMe MMHepaJIbI rrHeBMaTOJIMTOBOro

MJIM rM,n;pOTepMMqeCROrO rrpOMcxom,n;eHMH BCTpeqaIOTCH peme. BOJIb­

mMHCTBO 8TMX mDiJI epOpMMpOBaJIMCb, rro BM,n;MMY, rrYTeM Me,n;JIeHHOM

,n;MepepY3MM RMCJIOTHDiX MaTepMaJIOB B CJIa6DiX 30Hax.

HHeppaCTpYRTypa RaR M cyrrpacTpyRTypa co,n;epmaT JIMH3bI YJIbTpa­

OCHOBHDiX rropo,n;, oc06eHHO ceprreHTMHMTbI MJIM TaJIbROBbIe CJIaHIIbI.

OrrMCDiBaeTCH HBJIeHUe peaRIIMM c rrerMaTMTOM B ROHTaRTHbIX 30Hax.

06cym,n;aIOTCH apryMeHTDi B rrOJIb3y rMrrOTe3Di ocam,n;eHMH MHTPY3M­

BHoro rrJIaCTa BO CBemMX M Bo,n;OHaCDirrreHHbIX oca,n;Rax reOCMHRJIMHaJIM.

Bce 8TM rropo,n;Di rro,n;BepraJIMCb CRJIa,n;DiBaHMIO ROTopoe MomHO

pa3,n;eJIMTb Ha TpM epa3bI:

1. )..I;oMMrMaTMqeCRaH epa3a pacrrpaCTpaHHIOIJIaHCH OT ceBepO-IOra R

ceBepo-ceBepo-BocTORY·

2. BOJIbmaH 3arra,n;Ho-ceBepO-3arra,n;Ha MMrMaTMYJeCRaH epa3a.

3. IIOCJIeMMrMaTMYJeCRaH epa3a pacrrpaCTpaHHIOrrraHCH OT ceBepo­

BOCTORa R BOCTORo-ceBepO-BOCTORY.

ReT rrpM3HaRoB 60JIbmOrO c6poca Mem,n;y oT,n;eJIbHDiMM q,a3aMM.

Bo BpeMH rrepBoM epa3bI epOPMMPOBaJIMCb He60JIbmMe RpYTble

CRJIa,n;RM, epopMa ROTOPDiX YRa3bIBaeT Ha rrpe06JIa,n;aIOrrrMM CJIaHIIeBaTbIM

MaTepMaJI •

BTopaH epa3a xapaRTepHa 06pa30BaHMeM CMHRJIMHaJIbHOM cyrrpa­

CTPYRTypDi M MMrMaTMqeCRMX p03,n;yBOB B MHeppaCTpYRType, B pe3YJIb­

TaTe qero rrOHBMJIMCb 60JIbmMe CRJIa,n;RM orrpoRMHyTble B 60JIbmOM MJIM

MeHbmeM CTerreHM M OT,n;eJIeHHDie RPYTbIMM CMHRJIMHaJIbHMM. MeTa­

MOpep03 ,n;ocTMrJI MaRCMMaJIbHOM MHTeHCMBHOCTM.

B MeCTax, r,n;e 06e epB3Di 6bIJIM OqeHb aRTMBHDi, rrpOM30mJIM ROCble

M 6e3rropH,n;OqHDie CRJIa,n;RM. )..I;aeTcH rrpMMep MCrrOJIb30BaHMH ceTM

BYJIbepa ,n;JIH pemeHliH 8TMX BorrpOCOB.

8epepeRTDi TpeTbeM epa3Di He OqeHb BM,n;HbI B 8TOM 06JIaCTM, TaR RaR

OHM OTHOCHTCH R rrOJIyrrJIaCTMqHOM BTOPMqHOM CRJIa,n;qaTOCTM, RpyqeHMIO

M M3rM6aM 60JIbmOrO MacmTa6a. rJIaBHDiM pe3YJIbTaTOM 8TorO MomeT

6DiTb c,n;BMr cyrrpacTpyRTypDi. MMRPORJIMHM3aIIMH, rro BM,n;MMY, TaRme

OTHOCMTCH R 8TOM epa3e.

Pe3YJIbTaTOM ReTMJIM,n;aHCROM TeRTOHMqeCROM ,n;eHTeJIbHOCTM HBJIHeTCH

MH,n;MBM,n;yaJIM3aIIMH cyrrpa M MHq,paCTpYRTYPDi 06bIYJHO OT,n;eJIeHHDiX

CTPYRTypHDiM pa3pDiBOM.

06cym,n;aeTCH rrOJIMMeTaMopepHbIM xapaRTep ReTMJIM,n;aHCRMX rropo,n;

a TaRme ,n;aeTCH RpaTRoe orrMcaHMe pa3JIMqHDiX rrpe06pa30BaHMM B
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pcaYJIbTaTC MCTaMopqlllaMa H rrOATBcpm1\CHMC CBHaM MCm1\Y MHrMaTM­

aalJ,UCH H 06JIaCTHbIM MCTaMopqlHaMOM.

MHrMaTUSalJ,HH u CC OTHOIIICHUC K TCKTOHHKC rrOKaabIBaIOT HCKO­

TOpbIC UHTCPCCHbl8 OC06CHHOCTH. ,IJ;acTCH BOaMOmHOCTb rrpOCJIC1\MTb BBCCb

MHrMaTHTHbIH lJlPOHT OT IlHlJlpaCTpYKTYPbI 1\0 cyrrpaCTpyKTYPbI. BJIHaKaH

CBHSb MCm1\Y cro MCCTOHaXOm1\CHHCM H CK.~Ia,n;KaMH B HarrpaBJICUHH

3-C-3 HBJIHCTCH BrrOJIHC HBHOH. Pacrrpc,n;CJICHHC MHrMaTHTHbIX IIJIO­

CKOCTCH B orrpoKHHyTOM aHTUJIHHaJIH, C-C-B OT AHrMaCCHBHT, JICMOH­

CTPHPYCT 8TOT lJlaKT OC06CHHO XOpOIIIO. MIIrMaTHaalJ,HH H BTopaH lJlaaa

CKJIa1\bIBaHIIR HBJIHIOTCH HBHO OP;HoBpcMeHHbIMH. B MCCTax rp;c CYIIICCT­

ByIOT YCTOHqUBbIC 6apbcpbI (KBapI~MToBbIC HPYCbI), HcpaaBMTbIH MIlT­

MaTMTHbIH lJlPOHT COrJIaCOBbIBaCTCH C rrcpBHqHbIM HumHHM CJIOCM cy­

rrpacTpyKTypbI .

IIpouaBo1\HTcH 06aop 8JICMCHTa MHrpHpOBaHHH H MCTaCOMaTMaMa.

IIoKaabIBacTcH qTO HaTpHH MHrpUpOBaJI ,n;aJIbIIIC qCM KamIH oCTaIOIIIHHcH

JIOKaJIM3MpOBaHHbIM B r;ry60KMx aOHaX. MurpHpOBaHIICM KaJIbU;UH

06YCJIOB.lIHCTCH 06paaOBaHUC OCHOBHoro OJUIrJIKJIaaa, aMlJlH60JIa, KaJIb­

U;UTa H 3rru,n;OTa.

qacTo BCTpCqaIOTCH rH,n;pOTCPMUqCCKlIC mbIJIbI u rrJICHKU. I1x

rJIaBHbIC COCTaBHbIC qaCTU CJIC,n;YIOIIIHC: MarHCTHT, 6HOTHT H XJIOPHT.

Bo BpCMH KyaHHToBoro rrcpuo,n;a oca,n;HJIUCb TpH rCUCpalJ,HH TO­

JICHTHbIX P;OJICPUTOB B Tpex JICrKO OT;rUqaCMbIX HarrpaBJICHHHX. I1x

IIIHpHHa U rrJIOTHOCTb pacrrpC1\CJICHUH MCHHCTCH B 60JIbIIIOH CTcrrCHH.

IIOBbIIIICHHC TCPMUqCCKOrO lJlpOHTa xapaKTcpM3yCT caHcpYTbHHCKUH

rrcpuop;. Bcc rrpcp;CYIIICCTBYIOIIIUC rropo,n;bI rro,n;BcpraIOTCH Hc60JIbIIIOMY

MCTaMoplJlHaMY. OC06CHHO, KyaHHTHbIC ,n;CHKU rrpCBpaIIIaIOTCH B MCTa­

P;OJICPHTbI B COOTBCTCTBUU C rrpOU;CCCOM orrucaHHbIM m. CYTTOH u

m. YOTCOH (1951 r.). MUrMaTI1THOC u MCTaCOMaTHoe BHC,n;pCHHC MaTC­

pHaJIa HCaHOqUTCJIbHO. OTMCqCHO HCCKOJIbIW C6POCOB U aOH paapyIIIc­

HUH.

A6cOJIIOTHOC orrpc,n;CJICHUC 8rrOXH YKaSbIBaCT Ha COOTHOIIICHUC Mcm,n;y

caHcpYTbHHCKHM BOCCTaHOBJICHUCM u HarccyrToRBup;bHCKOH oporCHHCH,

OCTaTKU KOTOPbIX MomHO HaHTU Mcm,n;y COH,n;pc CTPOMlJlUOP,n; u ,JJ;UCRO

ByrT a TaKmc Ha aarra,n;HOM rr06cpcmbu HO 60JICC K CCBCpy (A. Bep­
TeJICeH, 1960 r.).

rapp;aHcRuH rrcpuo,n; HaqUHaCTCH rroca,n;KoH JIaMrrpolJlupHbIx ,n;CHKOB.

IIpHBop;uTcH cpaBHcHuc Mcmp;y 8TUMH ,n;cHRaMu u aMlJlu60JI-JIaMrrpO­

lJlupaMu cRacprap,n;cRoH 06JIaCTH Ha BOCTOqHOM rr06cpcmbII rpCHJIaHp;HH.

B o60ux CJIyqaHX OHII rrpoucxo,n;HT OT 6a3aJIbTOBOH MarMbI o6oraIIIcHHoH

ucrrapcHuHMU (rJIaBHbIM 06paaoM IIICJIOqbIMII COC1\HHCHUHMU u H 20).
,JJ;CHRH BpaYH COCTaBJIHIOT rJIaBHYIO rpyrrrry rlIrra6IIccaJIbHOrO

ROMrrJICRCa rap,n;apcKoro rrcpHop;a. OTJIlIqaCTCH TpU rCHCpalJ,IIII UCRJIIOqU­

TCJIbHO Ha 6aac lIX HarrpaBJICHIIH, ROTOPbl8 MCHHIOTCH OT B-C-B II C-B,
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rrepBoe MS HMX 6ygyqM HaMCTapIIIMM geMRoM (B,I.t;o) , a BTopoe, rro­

cJlegHMM (B,I.t;2)' Ha6mogaIOTcH cJlegIOm;Me HBJleHMH BHegpeHMH: rroJl­

syqeCTb, 3IIIaJlOHHOCTb, pacrrOJlOmeHMe, M rrpoqee. I{poMe 3Toro

Ha6J1IOgaeTcH MSMeHeHMe paSMepOB sepHa (saTBepgeBIIIMe ORpaMHbI,

ra6po-rrerMaTMTbI, M T. rr.) CTPYRTypbI (rJlaBHbIM 06paSOM Olf!MTOBOM) M

rreTporpalf!MM (RMCJlOTbI, OCHOBHbIe 3HToreHHbIe BRJlIOqeHMH, » rrerMa­

TMTOMgbI«, rrOrrepeqHbIe MSMeHeHMH; B COCTaBe OHM MeHHIOTCH OT RBapII;O­

BbIX gOJlepMTOB go TPORTOJlMTOBbIX gOJlOPMTOB). OHM BRJlIOqaIOT B ce6e

lf!eHoRpMcTbI, RceHORpMCTbI, rHeMCOBbIe MJlM aHopTosMTHbIe RCeHOJlMTbI).

06cymgaeTcH OqeHb HeBepoHTHoe cym;ecTBoBaHMe MarMaTMqeCROM rro­

JlOCTM c 60JlbIIIOM ropMSOHTaJlbHOM rrpOTHmeHHOCTbIO M gaeTcH orrMcaHMe

ROHTaRTHoro HBJleHMH SaRJlIOqeHMH rropog M ogHopogHoro rHeMca,

ROTOPbIM B MeCTax rrpeBpam;eH B rpaHolf!Mp, ITpOII;ecc orrMCbIBaeTCH c

HeROTopbIMM rro,n;p06HOCTHMM.

HaMMoJlogIIIMM qJleH 3Toro rMrra6MCCaJlbHOrO ROMrrJleRCa, a MMeHHO,

rpyrrrra TpaXMTOB, rrpOHBJlHeT OqeHb 60JlbIIIOe pasHoo6pasMe. Ha caMOM

geJle, RJlaCC rrOJlH BRJlIOqaeT B ce6e TMrrbI OT HegoHacbIm;eHHbIX (lf!OHOJlMT,

TMHryaMT) go rrepeHacbIm;eHHbIx (RaJlbII;MO-m;eJlOqHbIM PMOJlMT). Torga

RaR gMlf!epeHII;MaII;MH 06'HCHHeT rreTporeHes 60JlbIIIMHCTBa 3TMX ,n;eMROB,

B cJlyqae rropog cogepmam;MX cB060gHbIM RpeMHeseM rrpOMSOIIIJlO HeRO­

Topoe sarpHSHeHMe.

C6pOCOBaH geHTeJlbHOCTb MrpaJla B 3TOM rrepMoge OqeHb BamHyIO

POJlb. BOJlbIIIMe lf!MOpgbI 3-C-3 M rrOrrepeqHbIe lf!MOpgbI C-C-3 orrpe­

geJlHIOT ,n;Be rJlaBHbIe CMCTeMbI c6poca. ITepeMem;eHMH rJlaBHbIX CMCTeM

SHaqMTeJlbHbI. I{poMe 3Toro cym;ecTByIOT MHOrOqMCJleHHbIe TpeIII;MHbI

He60JlbIIIOM rrpOTHmeHHOCTM.

06cymgaIOTcH HeRoTopble pegRMe rrHeBMaTOJlMTMqeCRMe MMHepa­

JlMSaII;MM.

I{oHeII; rapgapcRoro rrepMoga M ocamgeHMe ,n;ByX reHepaII;MM ,n;oJle­

PMTOB, pacrrOJlOmeHHbIX 60Jlee-MeHee rrapaJlJleJlbHO R rr06epembM,

oTgeJleHbI 60JlbIIIMM rrpoMemyTRoM BpeMeHM. 8TM rMrra6MCCaJlbHbIe

rrop,n;bI cpaBHMBaIOTCH c rrog06HoM cepMeM SeMJleTpHCeHMM Ha BOCTOqHOM

rr06epembM. OHM, rro BMgMMY, OTHOCHTCH R rrJlOCROrOpbIO 6aSaJlbTOB

pacrrOJlOmeHHbIX ceBepHee M rrpOHMRIIIMX CRBOSb rrapaJlJleJlbHble Tpe­

III;MHbI 06YCJlOBJleHbI (TpeTMqHOM?) pagMaJlbHoM cRJlagRoM rr06epembH.
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PLATES



Plate A.

The region between Tigssalup ilua, in the right foreground, and Sermiligårssuk.
In the distance, the ice-cap. Copyright: Geodetic Institute, Copenhagen.
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Plate 1.

Fig. 1.

Microcline - microperthite in gneissic schists. (No. 38500). S coast of Sermiligårssuk.
45 X. Crossed nicols.

Fig. 2.

Epidote with a core of allanite and radial cracks in a banded gneiss (No. 38527).
Centre of Akuliaruserssuaq. 90 X. Plain light.
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Plate 2.

Fig. 1.

Amygdule in a lamprophyric dyke (JD). The centre is composed of chlorite-sericite,
the dark rim of ore. (No. 32901). Akuliarusiarssuk. 45 X. Plain light.

Fig. 2.

Sphene replacing ilmenite, the cleavages of which are quite distinet. Banded gneiss.
(No. 32991). Angmassivit. 45 X. Plain light.

Fig. 3.

Magnetite crystals embedded in a matrix composed of finely crystallized tale. Ultra­
basic lens. (No. 38420). SW coast of Eqaluit. 30 X. Plain light.
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Plate 3.

Fig. 1.

Vein composed of tremolite fibres. Ultrabasic lens. (No. 38418). SW coast of Eqaluit.
22 X. Plain light.

Fig. 2.

Muscovite in a mylonitic zone. (No. 38543). Centre of Akuliaruserssuaq. 30 X.
Plain light.
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Plate 4.

Fig. 1.

Amygdule composed of a crystal of calcite and a rim of ehlorite. This oeeurs
in a dolerite (BDi). (No. 38!o8i). SW of summit 890 (erest overlooking Sermiligars­

suk). 22 X. Plain light.

Fig. 2.

Leueite-bearing tinguaite porphyry. In the lower right-hand eorner, a erystal
of brown hornblende, and in the upper left-hand eorner, a mierophenoeryst of me­
lanite. The groundmass is composed of leucite, pseudoleueite and needles of aegyrine.
(No. 38503). 1 km N of summit 890 (erest overlooking Sermiligarssuk). 30 X. Plain

light.
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Plate 5.

Fig. 1.

Post-Gardar olivine-bearing dolerite (TD1) with ophitic texture. (No. 3294?).
W coast of Qerrulik. 45 X. Plain light.

Fig. 2.

Micrographic associations in a Trap dolerite (TD) containing two sorts of
pyroxene (monoclinic and orthorhombic). (No. 32951). SE point of Akuliarusers­

suaq. 45 X. Crossed nicols.
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Plate 6.

Fig. 1.

Crocidolite in a crushed banded gneiss. (No. 38541). E part of Akuliaruserssuaq.
90 X. Plain light.

Fig. 2.

Micrographic arrangement in a Kuanitic Dyke. Note the grains of ilmenite sur­
rounded by sphene. The groundmass is made up mainly of phyllosilicates. (No.

32930). 400 m S of lake 280. 45 X. Crossed nicols.
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Plate 7.

Fig. 1.

Magnetite replacing amphibole in a Kuanitic Dyke. A light green chloritized horn·
blende is the main matic mineral. (No. 32958). S coast of Akuliaruserssuaq. 45 X.

Plain light.

Fig. 2.

Typical ophitic texture in an olivine·bearing dolerite (EDi). (No. 32848). Penin·
sula 25 on the S coast of Sermiligårssuk. 45 X. Crossed nicols.
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Plate 8.

Fig. 1.

Minute inclusions in the central part of a microphenocryst of plagioclase. This
occurs in the finely crystallized edge of a large dolerite (BDi). (No. 38449). Valley

N of Akuliarusiarssuk. 30 X. Plain light.

Fig. 2.

Minute inclusions arranged in a zonal disposition in a microphenocryst of plagio­
clase. Observed in the same slide as PI. 8, fig. 1. 30 X. Plain light.
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Plate 9.

Fig. 1.

Xenocryst of feldspar in a dolerite (BDi). Numerous small inc1usions form a sort
of lattice which disappears towards the centre. (No. 38528 b). Central part of

Akuliaruserssuaq. 30 X. Plain light.

Fig. 2.

Microphenocrysts of olivine in a finely crystallized dolerite (BDi). (No. 32907).
SW tip of Akuliarusiarssuk. ~5 X. Crossed nicols.
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