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Abstract

This work deals with the structural analysis of a small area, Tovqussap nuna,
in the southern part of the Sukkertoppen district, West Greenland (fig. 1). This
unusually well-exposed area is built up of pre-Cambrian granulite and amphibolite
facies rocks. After an introduction, in which an outline of the mapping method is
given and the petrographic nomenclature discussed, about a hundred selected rock
specimens are described. This is followed by a detailed account of the geological map
(Plates 1 and 2). A special rock division, the diorites, is given a more thorough treat-
ment on account of their considerable chronological significance.

The structural analysis begins with an elucidation of the geometric relations in
eastern Tovqussap nuni. With the help of Wulff net stereograms, structural contour
maps and profiles, an analysis is carried out on this area’s complicated structures.
This analysis has revealed three superimposed fold phases. The experience thus
obtained was used in the analysis of central and western Tovqussap nuna. Through
the results of the analysis it is reckoned that the high-metamorphic Tovqussaq rocks
belong to an approximately thousand metres thick supracrustal series comprising
five major concordant stratigraphic units (Pl. 4). This series was first folded by flat-
lying isoclinal folds with roughly NNW axes (the Midterhoj phase, see table 1 and
fig. 78). This folding is assumed from analogies to have taken place during an early
stage of the metamorphic development (slate/schist facies). The structures belonging
to this first phase were later refolded on approximately ENE axes in large recumbent
folds with amplitudes which can exceed 10 km. This fold phase (the Smalledal phase}
was probably accompanied by amphibolite facies metamorphism.

Refolding of the large western nappe during the last stage of the Smalledal
phase is thought to have created the conditions for a later diapirism. This diapirism
expressed itself by a transport of plastic material towards the top of the dome within
the single rock units (the gneisses). The diapirism seemingly occurred during a
change in the tectonic movement pattern leading to renewed refolding, this time on
SE to S plunging axes under granulite facies conditions. The structures which were
developed during this renewed refolding (the Pakitsoq phase) show a distinct depen-
dence on the form of the earlier structures. At the end of the Pakitsog phase a sub-
phase (the Lange sub-phase) can be distinguished, during which steep foliation planes
were superimposed on the earlier formed folds. The formation of the latekinematic
diorites can be shown to have taken place in the antiformal hinge zones of pyribolite
layers where movement along steep foliation planes has facilitated the ascent of salic
material migrating from the underlying gneiss of the fold cores. The postkinematic
diorite dykes and aplites, which also are regarded as having been formed metaso-
matically, represent an intermediate period during which the Tovqussaq district
was subjected to tensional stresses. The originally planar aplites make it possible to
distinguish yet another movement phase, which locally has left a strong imprint
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on the detailed structural picture, though it has only brought about small changes
in the form of the major structures. This posthumous phase took place under am-
phibolite facies conditions, and led to a retrograde metamorphism of the older gra-
nulite facies rocks. Where the hypersthene gneisses were only subjected to weak
penetrative movements they were made over to hornblende-biotite-bearing ‘purple
gneisses’, whereas where penetrative movements were more intense, they recrystal-
lised into light coloured biotite gneisses. The granulites on Lange and Tugdler-
unarssuit were also formed during the posthumous phase, on account of a local
higher Mg/Fe ratio which permitted the preservation (or formation anew) of these
rocks’ present granulite facies mineral assemblage in spite of PT conditions which
otherwise would have led to the formation of typical amphibolite facies minerals
{as in the light coloured biotite gneisses).

This retrograde metamorphism resulted also in local granitisation due to a
redistribution of the mobile granite material under the prevailing tectonic conditions.
Towards the close of the posthumous phase para- to postcrystalline mylonites and
faults were developed. These are believed to represent the last traces of orogenic
phenomena in the area. Later followed the intrusion of two groups of basic dykes,
separated in time by a regional system of NE-trending wrench faults. This cratogenic
stage of the area’s evolution has heen dealt with separately in an earlier publication
(BErTHELSEN and BRIDGWATER, 1960).

The structural evolution under consideration here is interpreted as belonging to
a single geological cycle. The different fold phases are taken to represent successive
structural events in which the rocks of the area have been involved during their
passage through different tectonic levels under the mountain chain. This kinematic
analysis enables one to follow the Tovqussaq rocks through an early sinking stage
and a later rising stage. The deformation of the Tovqussaq district probably took
place during the Ketilidian orogeny which was established by E. WeemMaANN in
SW. Greenland.

In the closing chapter the progressive metamorphism is discussed first, after
which the mineral facies position of the Tovqussaq rocks is dealt with. Furthermore
the results of some trace element analyses are discussed. The author is of the opinion
that the present content of trace elements in the rocks may only partly reflect their
original distribution in the parent rocks. Even Zr, which is usually regarded as a
very stable element during metamorphism, is thought to have undergone a real
redistribution. A high content of Ni and Cr in certain calc-silicate rocks is considered
to bear witness of a migration of these elements from the surrounding gneisses during
skarn-metasomatism. With regard to the origin of the ultrabasic rocks, the author
disputes H. Sorensen’s theory that they were segregated from hypersthene amphi-
bolites (II. SgrENSEN, 1953). The ultrabasic composition of these rocks is considered
by the author to date from the geosynclinal stage, where they could have been either
siliceous dolomites or, perhaps more likely, ultrabasic ophiolites of extrusive origin.
The basic rocks (pyribolites and gabbro-anorthosites) could have formed from
extrusives (or early formed sills} or marly and limy sediments. Their present relatively
high content of Ni and Cr indicates however that the former is the more probable.
As the basic rocks are quantitatively important the enclosing gneisses cannot have
provided Ni and Cr in sufficient quantity to account for their present concentration
in the pyribolites and gabbro-anorthosites without a migration of these elements
over extraordinarily long distances. Since the gneisses and granulites in Tovqussaq
and in the surrounding areas show a genetic connection to definite sedimentogenous
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rocks, it is considered that the quartz dioritic to granitic rocks are metamorphosed
and metasomatised greywackes and schists.

In connection with this petrogenetic discussion the author has introduced some
general considerations, amongst others concerning what role anatectic processes have
played during granulite and amphibolite facies metamorphism. By a comparison
of the structures in non-metamorphic sediments with those in high-metamorphic
Greenland gneisses, it is concluded that the introduction of anatectic processes to
account for the complicated gneiss structures is redundant. The discussion concludes
with some remarks on the formation of dome structures in gneiss areas in the light
of the results from the kinematic analysis of the Tovqussaq dome.



I. INTRODUCTION

The Structural Analysis

he aim of this work is to demonstrate what may be obtained by apply-

ing “the structural analysis” in the study of a well exposed region
built up of highly metamorphosed rocks. It is the author’s beliel that
an increasing number of carefully performed analyses of such regions
may help to establish a collection of ‘styles tectonique’ which in its
turn may render a more exact interpretation of less well exposed areas
possible.

“The structural analysis”, as developed by E. WEGMANN from the
heritage of the Alpine school of tectonics and SEpERHOLM’s classical
studies, has become an almost independent branch of geology.

In a few words, ‘“the structural analysis” may be defined as a
study of the geological material visualized in the dimen-
sions of space and time. Its foundation is empirical. It serves as a
new line of attack on regions where neither the classical methods of
stratigraphy nor the modern ideas of petrology make a thorough study
possible. Its field of application thus covers the domain of metamorphic
rocks. Its goal is to open up new ways of thinking in geological science.

Its methods are many and variable. One of its fundamental prin-
ciples being to use only open systems of classification and to use multiple
working hypotheses, descriptions of its “way of application” can only
be made on theoretical grounds or by giving concrete examples of its
use in particular cases. In this way, the merits of the structural analysis
have been discussed repeatedly by WeEGMANN.

Since the methods, each time they are applied to a new region,
should be refined according to the particular requirements of this, the
“savoir faire”’ of the structural analyst must grow (more or less) out
of his personal experience.

The author has striven to present the work in a fashion which should
make it possible for the reader to follow the analytical procedure through
its various phases from the descriptive into the interpretative stage.
Doing so he wants to apologize for some unavoidable repetitions and
somewhat lengthy descriptions of observations with postponement of
the conclusions. Even if a complete objective presentation in this manner
can hardly be achieved, because some interpretations—intended or
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not—may infiltrate at an early stage, (see page 14), this way of presen-
tation is thought to be the most honest and the most rewarding for the
reader interested in the methods.

Geological Survey of Greeenland, ASGER BERTHELSEN

Geological Institute of the University, Copenhagen

History and Development of Research

K. L. GieseckEg, who in the years from 1806 to 1813 carried out
mineralogical studies along the west coast of Greenland, visited Tov-
qussap nund in 1807 on his journey from Godthab to North Greenland,
fig. 1. His notes from this voyage are cited here in English translation:
“We passed thus Niakok [Fiskefjord] and the camping place Atangmik
and rounded Nesanguak (Kalotten). This passage is dangerous because
the mainland faces the open sea.

The rocks along this stretch are reddish granite and gneiss in which
syenite (hornblende gneiss) and occasionally hornblende schists form
important layers. On the mainland a steep mountain, Tikarnak [Tov-
qussaq Mt.] rises high above the others”. (GieseckE, 1878, p. 45).

No other geologists visited the area until 11 years ago when Dr.
Hanxs RAMBERG, whom the present author at that time served as an
assistant, entrusted him with the preliminary mapping of what appeared
to be a dome structure at Tovqussaq. Working from a base camp at
Gammel Lejrskar, the author mapped out the central portions of the
peninsula and the existence of an overturned dome structure was veri-
fied. During this work a hand drawn enlargement of a map in 1:200.000
was used for mapping. The geological sketch map accompanying the
preliminary report published in 1950 was prepared from aerial photos
after the return to Copenhagen. Mr. H. SoreENsEN-—also in the season of
1949—studied some ultrabasic rocks at Lange. His results of this study
together with those obtained from similar occurrences within the sur-
rounding district, were published in 1953,

When the author in 1953 returned to the Tovqussaq area, maps in
1:20.000 had become available. This season, however, was spent largely
on reconnaissance of the surrounding regions, from which outline maps
and photo-mosaics on a scale of 1:40.000 had been prepared. The area
north of Tovqussaq was surveyed in the pleasant company of Mr. HEN-
NING SgRENSEN. We also worked together further to the south, between
Godthéb and Feringehavn. The Fiskefjord region was surveyed by the
author.

In 1954, the author spent one and a half months on detailed mapping
of the Tovqussaq peninsula. Unfortunately bad weather delayed the
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Fig. 1. Key map showing the location of Tovqussap nuna, West Greenland.

programme and the southernmost and eastern part of the area could
only be touched on.

The results from 1949, 1953 and 1954 were utilised in the compilation
of an unpublished prize disertation in January, 1956. Abstracts of this
work were presented at the Nordic geological winter meeting in Oslo in
January, 1956, and at the assembly of the Geologischen Vereinigung at
Gottingen in March, 1956. (BErRTHELSEN, 1957).

When, in 1956, the author got the opportunity to spend a fortnight
at Tovqussaq, he was able to map the southern and eastern parts. During
this season’s work the composite nature of the Krebseso antiform was
realised, and the need of a revision of the older mapping to the west and
north became apparent. Since the author was very occupied with other
work in south-west Greenland, this revision could not be undertaken
before the end of the season in 1957, when, in ten days of concentrated
work, he succeeded in finishing the map — as presented in plates 1 and 2.
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Although another visit to this very interesting region would be highly
desirable to check up various details and problems, the author has
abandoned the idea of a return since leave from Greenland during
the summer of 1959 offered him an opportunity to write up his results
from Tovqussaq, an opportunity which may not recur in the coming
few years.

The present work summarizes all results from the author’s field work
in Tovqussap nund from 1949 to 1957 and his laboratory work. The
regional geology of the southern Sukkertoppen district will be described
in a forthcoming publication (part III).

A separate account of the post-orogenic basic dykes and their re-
lation to some major faults has been prepared by Mr. D. BRIDGWATER
and the author (BERTHELSEN and BRIDGWATER, 1960).
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II. DISCUSSION OF METHODS AND
NOMENCLATURE

The litho-structural mapping

The essential base for the structural analysis is a geological map. The
more accurate and detailed the mapping the more accurate are the results
of the analysis. Having had the opportunity of working in an exceedingly
well exposed region with good and reliable topographic maps and excel-
lent aerial photographs available, all the prerequisites for the preparation
of a reliable geological map were fulfilled, and the author hopes that his
efforts have not been in vain.

Mapping of highly metamorphosed or even ultra-metamorphosed
rocks is, however, no simple matter. In an area characterised by more or
less continuous exposures, the wealth of details seen in the field is so
overwhelming that the selection of the feature to be mapped may greatly
trouble the conscience of the geologist. To overcome these problems the
author has used the procedure of mapping, remapping and revising the
map yet again and of selecting out smaller and smaller regions for more
and more detailed study. Thus a general impression of the relative im-
portance of different kinds of features and the interrelation between the
various orders of size of these, was achieved before the final compilation
of the map was undertaken. In this selection, a subjective element may
have been brought in at an early stage of the work, but this seems hard
to avoid when rocks of composite and often obscure origin are
dealt with.

During the actual process of mapping litho-structural divisions
were used, a technique which presupposes good exposures, or great
experience. The litho-structural mapping was facilitated by the occur-
rence of several distinct marker horizons, namely the pyribolites shown
in the geological map. By a continuous record of the course of these
layers, a primary division into major structural units was obtained. The
marker horizons were easily detectable in most places from their basic
composition, but in places the continuation of these marker horizons
could only be traced by step-by-step mapping along the strike of the
rocks. The disappearance of the general lithological difference between
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the marker horizon and its surroundings was moreover often accompanied
by intense smallfolding. In such cases only very good exposures allow
a continuous tracing of the horizon. By this technique some remarkable
structures were revealed, which doubtless would have been neglected if
ordinary traverse mapping had been applied, or if only scattered out-
crops could have been studied.

The field behaviour of the marker horizons furnish good examples of
the doubtful value of a purely lithological (petrographical) classification
as a guide to mapping. Although lithology and structure are congruent
in many cases, there are some very important exceptions. Border lines
drawn according to an arbitrary lithological rock classification may thus
lead to a false impression of the structures.

The litho-structural mapping pays due regard to the lithology but
strives first of all to establish a reliable record of the structures. Doing
so, it also includes observations of small scale structures and their
relation to major structures. Through a structural approach many petrol-
ogical problems may be viewed from new angles, since changes in com-
position can be correlated with changing structural situations.

The litho-structural mapping can be performed without any pre-
existing knowledge of the origin or nature of the structural features
mapped. Such a knowledge will gradually grow out of the experience
gained as the mapping proceeds.

When rocks of composite origin or rapidly changing facies are met
with, the structural mapping enables such rocks to be classified roughly
into major litho-structural units. It becomes possible thereby to distin-
guish between local structurally controlled lithological variation and
more fundamental differences in composition (the term fundamental is
used instead of “‘primary™).

The geological map is presented in two sheets, one indicating the
lithological variations found within the structural frame, and another
which shows the final interpretation of the latter.

The structural map largely contains the material used to perform
the structural analysis. The scarcity of structural readings is primarily
caused by the rather homogeneous nature of many of the rocks. More-
over, readings were taken principally in the crucial areas (such as hinge
zones). In simpler areas, where the readings are more scattered, their
value is however greater, since they are more representative. When
mapping in such areas, a constant “‘open eye” was kept for possible
variations of the small scale features, but readings were only noted when
sensible changes occurred. The representative nature of these readings
should be born in mind, when at a later stage they are used in the geo-
metrical analysis. This again is one of the advantages of well exposed
regions. The litho-structural mapping has shown that the Tovqussaq
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rocks, in their present highly metamorphic state, form a conformable
succession which has been folded and refolded in a very complex manner,
The metamorphic and kinetic transformations have obliterated almost
all primary structures and it is only possible to trace the evolution back
to a certain stage.

All the rocks shown on the map of PlL.1 (excluding the diorites)
have passed through a progressive metamorphism and several phases of
movement before they attained their maximum metamorphic state in
granulite facies. Structures developed during the progressive metamor-
phism can thus be shown to have been refolded under granulite facies
metamorphism. Towards the decline of the deformation, but still under
granulite facies conditions, certain pyroxene-bearing diorites were formed
—Ilargely at the expense of pyribolitic rocks. The dioritic rocks help to
separate posthumous movements which occurred at a still later stage,
when amphibolite facies conditions prevailed.

In order to analyse the structural and metamorphic evolution out-
lined above, we have to treat the rock succession as a conformable one,
but this does not necessarily mean that it originally possessed this char-
acter. Unravelling the evolution backwards, step by step, we reach
a certain stage beyond which we only can guess. Is the conformity of
the succession, which we can trace right back to this point, due to a still
older kinetic influence or does it represent the primary bedding? Although
important in itself, this question has no bearing on the validity of the
analysis of subsequent superimposed deformations and can thus be left
unanswered for the moment.

When, therefore, in the following, expressions like layers, bands,
sequences and successions are used, it should be remembered that they
do not involve any interpretation as to the origin of these layers, bands,
etc., but are purely used as descriptive terms for the stratiform litholog-
ical units revealed from the mapping. They permit an analysis of struc-
tures developed later. Thus they bring out the existence of old recumbent
folds, a dome structure and still younger superimposed structures. From
this analysis it may appear that what was regarded as a ‘layer’ on the
map, in reality shows up to be a repeated series. It is not until the end
of the analysis that a series, in a stratigraphical sense, can be established
— if then the origin of the layering is known.

This procedure has influenced the naming of some of the important
litho-structural units. What at an advanced stage of the analysis showed
up to be one and the same layer had in some cases been given different
names in the field. Although in some ways inconsistent, this system of
naming has been retained in the final maps, since it reflects the trend in
the progress of the analysis. The names given to the different layers are
indicated on the structural map, Plate 2.
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On the use of the terms Granulite and Granofels

In his first attempts to write up the present paper, the author ran
into serious trouble concerning the nomenclature to be used for the
Tovqussaq rocks. From his search to find an appropriate system of classi-
fication for high- or ultra-metamorphosed rocks it soon became apparent
that no such one exists. This is particularly the case with the granulite
facies rocks, many of which have been described and named as if they
were magmatic rocks. Almost every school of petrology has its own
system, but unfortunately many identically spelt terms are used in
different meanings within these systems. This inconsistency becomes the
more apparent when the author is compelled to write in a foreign lan-
guage in order to be understood by his colleagues.

Thus, at present, there are French, English, German and mineral
facies granulites.

In French, granulite is a fine grained, granular, acid granite con-
taining muscovite and accessories such as topaz, apatite and tourmaline
(TErMIER and TERMIER, 1956, p. 256, and JonaNNsEN, 1958, I, p. 215),

In English, granulite is a metamorphic rock, with granulose texture
and composed of even-sized granular minerals (e.g. feldspars, pyroxenes
and garnets). Parallel or banded structure is due either to the presence of
streaks or lenticles of non-granular quartz, or to the alternation of bands
in which different minerals predominate (Rice, 1953; HoLmrs, 1920),

In German, granulite in its typical development is a metamorphie,
rather fine to extremely fine grained, garnet-bearing rock of white or
light reddish or yellowish colour. The rock consists mainly of feldspar,
quartz and scattered garnets. Biotite, tourmaline, rutile, sillimanite,
kyanite and green spinel (hercynite) may form minor constituents,
while apatite, zircon and ore are sparse accessories. The feldspar is
microperthitic potash feldspar and antiperthitic oligoclase (including
mesoperthite; for this term see Micror, 1951, p. 270). The texture is
characterised by thin layers or bands of xenoblastic feldspar and quartz
which alternate with layers or bands made up of plate-like quartz grains
(RosewBusca, 1898, and ScueEumanw, 1954). ScueumanN calls this
texture leptynitic, but since this usage of the term ‘leptynitic’ does not
agree with its common meaning in French, the author would prefer to
speak of a Plattung texture.

In the classic granulite region, the Granulite Gebierge of Saxony,
these granulites sensu stricto are intimately associated and interbanded
with pyroxene-bearing metabasites, ultrabasites, para-rocks and eclogites.
This rock association was first described by Leumanx (1834) as the
granulite series. LEEMANN used the name pyroxene-granulite to describe
the metabasic plagioclase-pyroxene-bearing rocks, although he was well

123 2
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aware that this was an unfortunate use of the term granulite as these
pyroxenic rocks are granoblastic and do not show Plittung texture.
“It seems necessary to give these dark rocks another name” (translated
from German, as cited by Scurumany, 1954, p. 103). LEEMANN’s classi-
fication, however, has been left largely unchanged by later students of
this classical area, even if Scheumann still points to the lack of an appro-
priate name for these plagioclase-pyroxene rocks, which name would
also cover the “basic charnockites” of QUENSEL (SCHEUMANN, 1954,
p- 103).

The manner in which granulite gradually lost its original meaning,
being used for all rock types within the “granulite series”, is quite similar
to the modification which HoLLAND’s term charnockite has undergone.
Being originally coined for the hypersthene-bearing granitic member of
the ‘“‘charnockite series”, it is now generally used for intermediate and
basic or even ultrabasic ‘“‘charnockites” as well. In consequence charno-
ckite sensu stricto is now referred to as acid charnockite.

With the introduction of the mineral facies classification (Eskora,
1920; BartH, CorrENS and Eskora, 1939), the use of the term granulite
has grown still more confusing. Thus, in his paper on the Finnish granu-
lites of Lapland, Esxora states: “All the rocks of granulite facies are
granulites” (Eskora, 1952, p. 142). As Plattung texture and extreme fine
grain seem to be exceptions rather than common features in granulite
facies complexes, the incorporation of ‘“‘granulite” in the nomenclature
of the facies classification invalidates even the former extended use of
the term (as in the ‘“granulite series”), because now it may be applied
to rock associations which do not even include granulite s. s.

The wide acceptance and use of the facies classification makes a
complete abolition of the term granulite impossible here, but the term
may be restricted to include only granulite s. s., this rock being regarded
as a typomorphic rock of (at least some) granulite facies complexes. This
attitude has also been taken by Hanxs RAMBERG in his textbook on
metamorphic and metasomatic rocks (RamMBERG, 1952). No one would
contemplate calling all rock types found within an amphibolite facies
complex amphibolites. Amphibolite (i. e. a plagioclase-hornblende meta-
morphite) is a typomorphic rock of this facies—and no more.

In the ever increasing literature on charnockites, the English tex-
tural term granulite has become widely used to describe even-grained
rocks such as pyroxene-granulites. (These rocks would actually be identi-
cal to German pyroxene granulites).

The conclusion arrived at from the above, that the use of granulite
should be restricted to granulite s. s. and to granulite facies (meaning a
mineral facies, where granulite s.s. is a typomorphic rock), prohibits,
however, any further use of the term even in a textural sense.
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R. Gorpsmirn (1959) has recently suggested a new term, grano-
fels, which might fill the space left by dropping granulite in the
English sense. GoLpsmita defines granofels as a medium- to coarse-
grained, granoblastic, metamorphic rock without, or with only indistinet,
foliation or lineation. Unfortunately granofels is a linguistic hybrid,
which most probably will not appeal to contmental geologists. It is
nevertheless a very useful term, especially because it includes rocks with
some kind of preferred orientation. In this respect it seems more suitable
than the discarded “textural granulite”.

In the author’s experience, even-grained rocks, devoid of any pre-
ferred orientation, are rare or of rather restricted occurrence in regionally
metamorphosed complexes.

Most rocks which at first sight appear to be granulose often betray
some sort of preferred orientation (usually a lineation) when studied
more closely or if really granulose, they pass rapidly into lineated varie-
ties. Thus in the Tovqussaq region most rocks are B- or S-tectonites in
the sense of SANDER.

As no linguistically more suitable way out of this problem is available
and fifty years have passed without any other appellations the author
has chosen to use R. GorLpsmiTH’s term, granofels. A purely textural
classification, however, in several cases may be difficult to apply and so
the term has only been used where appropriate compositional rock names
were lacking.

The classification which works best in the litho-structural mapping
is one which is based primarily on the mineral content of the rocks
and thus also takes the chemical composition into account.

For the basic rock types, the lack of appropriate rock names is
evident. “Pyroxene-granulite”, in which the pyroxenes dominate over
hornblende but which carries the same plagioclase as an amphibolite,
has earlier been described as pyroxene-amphibolite (e.g. Parnras, 1958).
This is, however, a somewhat risky extension of the term amphibolite.
To call such rocks diopside, hypersthene, plagioclase granofelses would
also be rather clumsy.

Although well aware of the doubtful outcome of introducing new
rock names, the author feels compelled to make use of some new terms
which, he hopes, may largely replace the unfortunate term ‘‘basic
granulite’”’ (or pyroxene-granulite) in future.

Towards a better nomenclature for “Basic Granulites”

In many regions amphibolite is connected with pure pyroxene-
plagioclase rocks by a transitional series of rocks, We will consider the
case where hornblende gives way to ortho- as well as clino-pyroxenes.

2*
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Amphibolite containing these two pyroxenes in quantities less than horn-
blende, may be termed pyroxene-amphibolite, but when the content of
pyroxene increases further, the resulting rocks are not amphibolites, as
these should be composed essentially of hornblende and plagioclase.
With the complete disappearance of hornblende a rock results which
hitherto has been described as pyroxene-plagioclase granulite. Now, the
term granulite having been abandoned, the lack of a new name for this
rock is evident. It might be substituted by pyroxene-plagioclase grano-
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Fig. 2. Diagram showing the possible variation in mineral composition of
pyribolite and pyriclasitic rocks.

fels, but a congruent name to amphibolite, i.e. a name which by de-
finition takes only the mineral content — and not the textures — into
account, would be desirable. Here the author would suggest “pyri-
clasite”, which is constructed from pyr (pyroxene) and clasite (plagio-
clase), to describe rocks composed of two pyroxenes and plagioclase
(pyriclasite is favoured instead of pyroclasite, because of the resemblance
of this latter to pyroclastics). In consequence, the rocks which contain
pyroxenes in excess of hornblende could be called hornblende-pyricla-
sites. The transition would thus be covered by the succession: am-
phibolite, pyroxene-amphibolite, hornblende-pyriclasite and pyricla-
site, fig. 2.

This system of classification, however, may cause some difficulties
when applied to rocks containing the two pyroxenes in nearly same
amount as hornblende. To overcome this difficulty, such rocks are
tentatively given a separate name, pyribolite, which is constructed from
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pyribole, a term used by Johannsen as a collective name for hornblende
and pyroxene. The position of the term pyribolite is thus analogous to
that of adamellite, which lies within the border zone between granite and
granodiorite.

Pyribolite will then comprise the transitional rocks which show a
hbl./pyrox. ratio varying from 66/33 to 33/66, fig. 2. Although a classi-
fication in which the nomenclature overlaps may cause some confusion
if misused, it seems preferable because hornblende-pyroxene-plagioclase
rocks often show a certain variation within themselves due to banding.
The suggested classification renders a description of such banded rocks
possible without the use of specific terms for the individual bands. The
majority of the Tovqussaq hornblende-pyroxene-plagioclase rocks may
thus be described as pyribolites, because they generally take a position
intermediate between amphibolites and pyriclasites.

Fig. 2 shows diagrammatically the possible variations in mineral
content of the rocks discussed above. The content of plagioclase in
relation to content of mafics is also variable. With increasing content of
feldspar, the rocks pass into anorthosites (plagioclasites), while they grade
into ultrabasic rocks with disappearance of the light constituent. No
strict limits of the mafic/felsic ratio are given for the application of the
terms pyribolite and pyriclasite except that they should correspond to
those set for rocks of mela-dioritic to gabbro-noritic composition. In
consequence the plagioclase may vary from andesine to bytownite with
an average of about An 50. It should be remembered that the presence
of orthopyroxene is essential for the use of the terms pyribolite and pyri-
clasite. This requisite is deemed necessary if conflicts with the facies
classification should not arise. It also serves to exclude the entry of various
cale-silicate rocks into the suggested system. Scapolite, garnet and biotite
may enter as varietal constituents in the rock transition discussed.
Where wanted, the varietal mineral names may be used as prefixes,
e.g. garnet-pyribolite.

The prefixes clino- or ortho- may be used to designate varieties of
pyribolites or pyriclasites where one of the pyroxenes predominates to
such an extent that the other is almost excluded.

The suggested terms fit into the mineral facies classification, but have
also been defined in a manner which should prevent their contamination
with the nomenclature of the latter.

It is hoped that the new terms may help to make future petrographic
description of “basic granulites” more stringent. The suggested nomen-
clature is flexible and easily applicable, not requiring calculations of
norms but only modal estimates. If a purely textural basis of classi-
fication is preferred, the new terms may also be used descriptively, as for
example in pyribolitic schist.
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On the use of the terms Gneiss and Charnockite

With the acid to intermediate rocks similar problems do not exist,
as these rocks generally can be described as gneisses. Doing so, the author
uses the following definition for gneiss: a metamorphosed, medium to
coarse grained rock in which (or part of which) quartz-feldspar pre-
dominates and which on a mesoscopic scale shows banded, veined,
streaky, smallfolded or any similar structures (due to compositional and
textural variations) and/or parallel arrangement of the dark minerals
in some or all of the rocks. Preferred orientation of the light minerals
may exist as well, but is not used as a criterion in the definition.

Thus defined, gneiss is a broad field term, which may include schi-
stose or granofelsic components where these are involved in the structures
mentioned above. The variation in composition between the different
components (e.g. the bands) may be great, but the bulk composition within
the area of an outcrop should be that of a quartz-feldspar-bearing rock of
leucocratic to melanocratic composition. Handspecimens of gneiss may
thus show rocks with foliation (closed, interrupted or dispersed), line-
ation or pure granofelsic texture. The gneiss type which is made up of
only one component with interrupted or dispersed foliation is called
homogeneous gneiss.

In the definition above, the grain size was allowed to vary from
medium to coarse grained. When the grain is finer but still visible with
the unaided eye, the author prefers to speak of fine grained gneisses.
Scandinavian geologists often use the term leptitic gneiss for such rocks
which are transitional between leptite and gneiss. But, as SEDERHOLM
remarks, the term leptite is a “‘cul de sac’ for all fine grained metamorphic
rocks of dubious origin.

Even if only approximate modal estimates have been made during
the petrographic study of the Tovqussaq rocks it has been possible to
classify them after JonANNSEN’s descriptive system. Gneisses of quartz-
syenitic, alaskitic, granitic, granodioritic and quartz-dioritic composition
will be described. Such a division is only meant to describe the variation
in chemical composition. Actually the terms in most cases only apply
in this sense, because the feldspars in the Tovqussaq rocks are anti-
perthitic and micro-perthitic types generally not found in ‘“normal”
quartz-syenites, alaskites etc.

In fact some of the Tovqussaq rocks show greater affinities to the
charnockite suite. SuBraAMANIAM has recently revised the type area and
the nomenclature of charnockites. According to a preliminary report
(SuBramaniaM, 1959) he suggests the term ‘‘charnockite suite” be
restricted to what previously was embraced under “acid charnockite”,
the remaining intermediate, basic, and ultrabasic divisions now being
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regarded as alien to the proper charnockitic rocks. Thus redefined the
charnockite suite embraces:

1. Charnockite sensu stricto (hypersthene granite, birkremite),
2. Enderbite,

3. Hypersthene quartz syenite,

4. Alaskite.

Charnockite sensu stricto has been redefined since the type specimen,
JoB CnarnNock’s tombstone, was found to contain small grains of red
garnet. Charnockite sensu stricto is now a hypersthene-quartz-feldspar-
rock with or without garnet, characterised by greenish blue feldspar, and
greenish blue quartz, the dominant feldspar being a microperthite
(SuBramaniam, 1959, p. 328).

Interestingly enough, the enderbitic member was found to be quan-
titatively the most important within the type area near Madras.

The revision of the charnockite nomenclature is useful, because
charnockite now is restricted to hypersthene-bearing quartzo-feldspathic
rocks. Too wide an extension of a rock term has always lead to its misuse.
However, the use of quartz-syenite and alaskite is somewhat unfortunate
if a classification taking into account the high-temperature perthites
found in rocks of the charnockite suite should be strived at. This was more
or less fulfilled by the former extended use of “charnockite’.

SuBramMaNniaM claims that the charnockite suite is of magmatic
origin. The present author is not completely convinced that the type
arca, with its poverty of outcrops, allows such a conclusion to be drawn.
From structural arguments a metamorphic origin for these rocks may
just as well be claimed. (See also WrLson, 1957).

When the term charnockite has not been applied in the description
of the Tovqussaq rocks it is primarily because charnockite sensu stricto
has not been found within the region. It may formerly have existed, in
which case it has been completely altered to biotite gneisses during a
subsequent phase of metamorphism under amphibolite facies conditions.

A complete revision of the nomenclature of the quartzo-feldspathic
rocks with high temperature perthites is still needed. Material for such a
revision has not, however, been at hand for the present author.

Some dioritic and the ultrabasic rocks of the Tovqussaq peninsula
have been described using the available terms for similar igneous rocks.
In spite of occasional preferred orientation, these rocks have such a
plutonic appearance that this procedure seems justified.
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Textural Considerations

During his study of the Tovqussaq rocks, the author has made ample
use of the textural nomenclature developed by F. Beck® (1904) in con-
nection with his classical work in the eastern Alps.

In order to enable a detailed description of the granoblastic gneisses
and granofelses to be made, a few additional terms and prefixes have
been brought into use. First of all, a further distinction in the relative
grain size seems necessary. Rocks composed of mineral grains of similar,
or nearly similar, size are called eu-granoblastic, while rocks which show
varying grain size but which cannot be called porphyroblastic, are de-
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Fig. 3. Division of granoblastic textures.

scribed as hemi-granoblastic. The prefixes eu- and hemi- (real- or half way-
the same size) have been chosen to avoid confusion with BEckEg’s terms
homoeoblastic and heteroblastic, where the homoeoblastic textures com-
prise granoblastic,lepidoblastic, and nematoblastic variants. The new terms
eu-granoblastic and hemi-granoblastic are thus subdivisions of BEckE’s
granoblastic, which again is one of several kinds of homoeoblastic tecture.

A further descriptive division of eu- and hemi-granoblastic textures
is based on the design or pattern shown by the outlines of the individual
grains, fig. 3. Where grains border on each other with more or less rec-
tilinear mutual borders, the resulting texture is called saccharoidal (eu-
or hemi-granoblastic), fig. 3 A. Where the grain border has a curved or
sinuous course, i.e. when the grains are lobate, the texture is called
interlobate (eu- or hemi-granoblastic), fig. 3 B. Where neighbouring
grains interfere and interlock in a manner suggestive of pseudopodia
given off from an amoeba, and when the texture—in spite of these irre-
gularities—still has preserved its granoblastic appearance, the expres-
sion amoeboid (eu- or hemi-granoblastic) is used, fig. 3 C. With the loss
of the granoblastic texture, diablastic textures appear.

Regarding grain size, rocks with grains smaller than 1 mm (but
still visible with the naked eye) are called fine grained. Medium grained
rocks have a grain size between 1 mm and 1 ¢m while coarse grained rocks
have grains larger than 1 em (in diameter).



I1I. PETROGRAPHIC DESCRIPTION AND
CLASSIFICATION OF THHE TOVQUSSAQ ROCKS

A description and discussion of the structural evolution of a high-
metamorphic to ultra-metamorphic area like the Tovqussaq region
presupposes a knowledge of the petrography. The composition of the
material involved must be known. In most geological descriptions from
such areas the greatest attention has been paid to petrographic and
petrogenetic problems, while structural questions are left more or less
aside (often because of the insufficiency of outcrops). The rocks are
classified mainly on petrographical and mineralogical criteria. The
author has chosen the other way round, using mainly structural criteria
as a basis for his mapping, but in order to make the presentation of the
results intelligible for the petrographie-minded readers, an attempt has
been made to present a petrographical division as well as a structural
classification. The petrography, therefore, will be treated twice. First,
the petrographic types are described and detailed descriptions of about
100 thin sections of selected samples are given to supply as exact as
possible an illustration of the variations amongst these: great importance
is attached here to the transitional types. Next the petrographic types
and their variations will be correlated with the field observations made
on the outcrops and their bearing on the area of the geological map
discussed. Due regard should thus be paid to changing “lordre de
grandeur” (E. WEGmanw, 1951). A summary with petrogenetic con-
clusions and discussions is given finally in conjunction with the results
of the structural analysis.

The only mineral which has had a fairly thorough treatment during
the petrographic studies is plagioclase. The An content has been deter-
mined either by means of extinction angles in sections normal to (010)
as well as (001) (in favourable sections or by aid of the universal stage)
or by Rl measurements. The latter were kindly performed by Mr.
H. MicHEELSEN, mag. scient. Some untwinned oligoclases and andesines
were determined simply by comparison of the refractive indices of the
plagioclase with that of the neighbouring quartz.

Mr. MicHeeLsEN has also carried out some RI determinations of
hypersthenes and has determined ¢ A Z and 2 V in diopsides from an
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eclogitic rock. Determinations of ¢ AZ and 2V in some hornblendes and
diopsides from various basic rocks were carried out by the author.

In the following description the customary petrological division
into acid, intermediate, basic, ultrabasic and ‘“other’ rocks is used.

A. The acid division

This division comprises rocks with compositions varying from alaski-
tic to quartz-dioritic.

Most of the gneisses, except for the highly mixed or composite types,
belong to this group. Among the more acid gneisses three main types may
be distinguished.

a) Hypersthene-bearing gneisses,
b) Purple gneisses,
¢) Light coloured biotite gneisses.

All three types belong, however, to a transitional series and may
pass gradually into each other. It should be noted that the term gneiss
here is used in a broad sense, and that the rocks of this group may appear
granofelsic as well as gneissic in handspecimens.

The hypersthene-bearing gneisses

These usually show the dark greenish to brownish colour and the
blue quartz typical of granulite facies rocks. They are composed of
plagioclase, quartz and pyroxene. Apatite and ore form common acces-
sories. Sphene is totally absent. The plagioclase generally varies in com-
position from about 30 to 40 °/, An, and is usually well twinned and often
antiperthitic. The content of quartz is rather variable. A transparent to
pale green diopside occurs in several slides in an intergrowth with hypers-
thene or forming thin rims around this mineral. Uralitic hornblende
(bluish green) and yellow to brown biotite are seen in many slides. They
seem to take the place of the pyroxenes. Orthoclase and microcline have
been noticed in only subordinate amounts (antiperthite excepted).

The following thin section descriptions contain more detailed in-
formation about these rocks.

35872. Homogeneous quartz-dioritic granofels, SSE of Snirkelss.

A homogeneous medium grained rock with a somewhat interlobate, hemi-
granoblastic texture. The minerals are antiperthitic andesine, quartz, hypersthene,
a little diopside, microcline and hornblende together with accessory apatite and ore.
The total content of mafic minerals is rather small. The antiperthitic texture seen
in the plagioclase is very fine to almost submicroscopic. The microcline is found as
scarce small, interstitial grains with irregular extinction. The hypersthene, which
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is pleochroic from pinkish to greenish, is rimmed by greenish diopside, which may
have been altered later into a bluish green hornblende.

4029 C. Quartz-dioritic hypersthene gneiss, top of Tovqussaq Mt.

A fine to medium grained rock of greenish brown colour. In the handspecimen
a faint lineation of the dark minerals may be discerned. When seen under the micro-
scope, the texture appears interlobate hemi-granoblastic. The minerals are anti-
perthitic plagioclase (32—38°/, An), quartz, hypersthene, diopside, a little biotite
and accessory apatite and ore. The plagioclase may show reverse zoning. It contains
antiperthite partly as very fine (almost submicroscopic) inclusions and partly as
coarser strings and patches. Except for a few zircon needles, the quartz seems devoid
of inclusions. It shows lobate to amoeboid outlines and its grain size is highly variable.
The faintly pleochroic hypersthene forms irregular grains and may be intergrown
with diopside. In some grains, hypersthene is seen to be replaced by a yellow to
brown biotite which has grown along the cleavage planes of the pyroxene. Biotite
may also be associated with ore grains. A few small, interstitial grains of potash
feldspar were also observed.

4029 A, Pegmatitic type associated with sp. 4029 C (see above).

A medium to coarse grained, greenish, leucocratic rock with blue quartz. The
texture is highly interlobate and granoblastic. The minerals are quartz, antiperthitic
plagioclase, and a little microcline. Quartz occurs in granulated amoeboid grains.
The plagioclase (about 30 ¢/, An) contains broad strings and patches of antiperthite.
Microcline is seen as grid twinned interstitial grains.

19246. Banded hypersthene gneiss, Hulebugt.

A purple to greenish, medium grained gneiss with more fine grained amphi-
bolitic bands (about 2 cm thick). When seen under the microscope the texture appears
as saccharoidal granoblastic with lobate quartz. The minerals are plagioclase (finely
antiperthitic), quartz, hypersthene, some hornblende and biotite, accessory apatite
and ore. The well twinned plagioclase is a slightly normal zoned andesine which
shows an almost submicroscopic antiperthitic texture. The quartz forms larger
somewhat undulating grains and small bleb-like grains. The pleochroic hypersthene
forms irregular grains and granular aggregates. It is partly replaced by a greenish
hornblende. The brown biotite is relatively rare. Hornblende is dominant in the
mafic bands.

409% B. Pyroxene-bearing band in purple gneiss, Lejrsg.

An almost fine grained, grey, poorly foliated rock with a hemi-granoblastic
texture. The minerals are plagioclase, some quartz and diopside, hypersthene, biotite
and hornblende, plus apatite and ore. The total content of mafics exceeds that of
quartz. The plagioclase is an sodic andesine (35—40 9/, An). The xenoblastic diopside
and hypersthene are partly uralitised or replaced by brown biotite. Diopside is seen
as a rim on some hypersthene grains. Quartz shows lobate outlines and seems to be
a late mineral, possibly introduced from outside. No antiperthite or microcline were
detectable within the slide, although the specimen was taken in the immediate
neighbourhood of an alaskitic rock to be described later (specimen 4094 A).

19274. Quartz-dioritic hypersthene gneiss, core of Pakitsog-antiform, north
coast of Tovqussap nuné.

A medium grained, brownish rock with a weakly developed lineation. The
minerals are plagioclase (35—4%0 %/, An), quartz, biotite, hypersthene, hornblende
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and apatite. The texture is dominated by the saccharoidal granoblastic plagioclase,
while quartz forms grains of lobate outline and varying size. A few small more or
less rectangular inclusions of potash feldspar occur in the well twinned plagioclase,
but otherwise no traces of antiperthite are seen. The biotite is pleochroic from yellow-
ish to brown and shows lepidoblastic outlines. Corroded relics and small grains of
pink pleochroic hypersthene are associated with green hornblende or biotite.

18219. Hypersthene gneiss, northern Langse.

A greenish brown gneiss with fine grained darker bands alternating with medium
grained leucocratic bands containing blue quartz. The minerals are quartz (predomi-
nates in the light bands), plagioclase (26—27 ¢/, An), hypersthene, diopside, biotite,
and hornblende plus accessory apatite and ore. The texture is dominated partly by
the parallel arrangement of quartz and partly by the eu-granoblastic plagioclase. In
the mafic-bearing band a reticulate texture with mafic spongy aggregates is developed.
Quartz shows lobate or amoeboid outlines, even where forming orientated elongate
grains. Undulate extinction is prominent. The plagioclase shows faint traces of a
very finely antiperthitic texture. The faint pinkish hypersthene may form an inter-
growth with diopside. Both are rimmed with or in the state of being replaced by
hornblende or yellow-brown biotite.

Transition from hypersthene gneiss to purple gneiss

From the foregoing description it is seen that typical hypersthene-
bearing rocks completely devoid of hydroxyl-bearing minerals are rare.
In most specimens, the pyroxenes are in a state of being substituted by
hornblende or biotite. When this transition proceeds further, other
mineralogical and textural features appear and the microscopical appea-
rance of the rock changes as well. The following three descriptions have
been selected to illustrate this transition. The specimens were collected
from the Frame Layer and the core of the Tovqussaq dome.

19243. Hypersthene-bearing quartz-dioritic gneiss, north-east coast of
Qaersup ilua.

A medium grained, greyish yellow rock with a faint foliation marked by the
arrangement of the dark minerals. Seen in thin section, the texture is slightly inter-
lobate, hemi-granoblastic. The content of the dark minerals is estimated as 5—10 %/,.
The rock is composed of plagioclase, quartz, some hornblende, hypersthene, biotite,
diopside and accessory apatite, zircon and ore, besides a little secondary sericite.
The plagioclase is faintly antiperthitic and shows an An content of about 30 9/,.
Quartz forms an important constituent and occurs as lobate grains and small rounded
blebs in the plagioclase. Hornblende forms xenoblastic grains with irregular to lobate
outlines and replaces hypersthene parallel to its cleavage traces. The hornblende
itself may be replaced by biotite in parallel intergrowth. The hornblende is pleoch-
roic, X: pale greenish yellow, Y: pale green and Z: faint brownish green. The hy-
persthene is pleochroic from pale pink to transparent greenish. The transparent
diopside is associated with hypersthene and partly rims this mineral. Biotite is
pleochroic from yellowish to dark brown and forms lepidoblastic grains and un-
orientated flakes. Apatite is a rather common accessory whereas zircon only occurs in
a few grains enclosed in hornblende or biotite. The ore is associated with the dark
minerals.
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13417 A. Hypersthene-bearing quartz-dioritic gneiss, north coast of Qaer-
sup ilua.

A fine to medium grained, greyish green rock with an interlobate, hemi-grano-
blastic texture. The minerals are plagioclase, quartz, hypersthene, diopside, biotite,
hornblende and accessory apatite and ore. The dark minerals constitute less than
5 9/, of the rock. The plagioclase is somewhat antiperthitic and contains about 25 ¢/,
An. Quartz is a prominent constituent as lobate grains and smaller rounded blebs.
The pinkish pleochroic hypersthene and the faint greenish diopside form irregular
xenoblastic to corroded grains. In some cases a rim of bluish green hornblende is
seen on the hypersthene, which also may be replaced by a yellowish to dark brown
biotite. The biotite also forms flakes associated with ore.

13417 B. Purplish quartz-dioritic biotite gneiss, north coast of Qaersup ilua.

A light coloured purple rock of medium grain. The colour is due to the purple
feldspar and the blue quartz. The texture is extremely interlobate, hemi-granoblastic.
The minerals are plagioclase (antiperthitic), quartz, biotite and a little hornblende,
some microcline and accessory apatite and ore. The dark minerals amount to less
than 59/, The antiperthitic plagioclase shows an An content of 20-—25°¢/,. The
abundant quartz forms lobate to almost amoeboid grains and smaller rounded blebs.
The larger grains show undulate extinction. The biotite is pleochroic from yellow/
orange-yellow to dark brown/black. It forms seemingly unorientated lepidoblasts.
In one place the biotite is seen to replace a strongly corroded to almost skeletal
grain of bluish green hornblende. Microcline occurs very sparsely and interstitially.

Comparing the descriptions of specimens 19243, 13417 A and
13417 B, it becomes evident that the An content decreases along with
increasing potash content (as reflected by antiperthite, microcline and
biotite). At the same time, the texture grows less orientated and becomes
more interlobate. The pyroxenes in their turn are completely converted
into biotite. Paralle]l to this transition a complete change in rock colour
takes place from greenish into purplish tinges.

The purple gneiss

This is a very spectacular rock because of its unusual colours which
may include purple or even violet, depending on the relative proportions
of purple feldspar and bluish quartz. The purple gneisses seem to be slightly
more potassic than the hypersthene gneisses. They always carry a
deeply coloured biotite, and a bluish green hornblende may also be
present. The antiperthitic plagioclase generally varies within the range
25—35 %, An. Interstitial potash feldspar is not uncommon. The
accessories are the same as those found in the hypersthene-gneisses and
sphene is still absent. While the hypersthene-gneisses showed textures
varying between saccharoidal and interlobate, the purple gneisses
generally have developed more interlobate or even amoeboid textures.

The two specimens described below originate from areas where a
typical development of the purple gneiss can be seen over large stretches.



30 ASGER BERTHELSEN. I

19235. Homogeneous purple gneiss, north coast of Tovqussap nuni,
about 1 km NE of Kangeq.

The handspecimen shows a purple, medium grained rock. The texture is di-
stinctly interlobate, hemi-granoblastic. A faint parallel arrangement of elongated
quartz and feldspar crystals may be perceived. The minerals are quartz, antiperthitic
plagioclase and small amounts of biotite and hornblende besides accessory apatite
and ore. The lobate quartz grains are somewhat sheared, which may also be the
case with the plagioclase. The latter shows a finely developed antiperthitic texture
which partly seems submicroscopic. The An content is about 30 °/,. The yellowish
to dark grey biotite and the bluish green hornblende are scarce.

14976 A and B. Purple gneiss, E coast of Tovqussaq peninsula, NE of Dioritnses.

The two specimens represent fine to medium grained, and medium to almost
coarse grained varieties of the purple gneisses found at this locality. The most fine
grained rock is poorly foliated and very leucocratic, while the more coarse grained
is richer in quartz and biofite and better foliated. The texture of both rocks is inter-
lobate, hemi-granoblastic—when the lepidoblastic biotite is disregarded. The plagio-
clase varies from an antiperthitic, basic oligoclase in the more fine grained rock to a
less antiperthitic acid andesine in the coarser type. Microcline in small amounts is
associated with the oligoclase, while absent in the quartz-rich rock. Where forming
larger lepidoblastic grains, the biotite attains a dark brown colour. A few grains of
bluish green hornblende and some ore were noticed in both rocks. Zircon was seen
in the coarse grained, quartz-rich type, while apatite was absent in both types.

Transition from purple gneiss to light coloured biotite gneiss

The transition from the purple gneiss into the light coloured biotite
gneiss may be illustrated by describing a series of samples collected at
the coast north of Skiverne. Of six samples, four have been sectioned.
First, the observations made on handspecimens are given:

Sp. 19276 A is a medium-fine grained purple granofels. Hypersthene may be
discerned in places as a relic core in uralite. Otherwise, biotite is the most common
dark mineral. Sp.19276 B is slightly more coarse grained and shows interrupted
foliation. The larger grains of blue quartz cause the more violet colour. Sp. 19277
is more light coloured, medium to fine grained and somewhat foliated. Biotite forms
small scattered but parallel orientated flakes. Purple feldspar and blue quartz may
still be seen, but most of the felsic minerals are distinctly more light coloured. Sp.
19278 represents a fine to medium grained rock with scattered but less orientated
biotite. The colour is light grey with a very faint violet tinge. Pink thin veins traverse
the specimen, which also contains larger (up to 1 cm) porphyroblasts of microcline
microperthite. Sp. 19279 is a very light grey, almost fine grained rock with elongated
rod-like quartz and scattered but orientated biotite. Some small red speckles, presum-
ably due to weathering of small ore grains, are seen.

Under the microscope:
19276 A is seen to be interlobate, hemi-granoblastic, and the biotite flakes show a

wavy orientation. The minerals are antiperthitic plagioclase (over 60 °/,), quartz,
microcline, biotite, uralite, plus apatite and ore. The untwinned plagioclase seems
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to be an oligoclase. It contains antiperthite of two kinds, one almost submicroscopic
and the other coarser, both being of string or hair type. The amounts of microline
{(interstitial) and biotite are about equal. The latter mineral is yellow to greenish
brown. In one place it is seen to be intergrown with uralite—a pale bluish green
hornblende with scarce relics of pyroxene. Quartz and ore also participate in this
intergrowth.

In slide nr. 19277, the texture is amoeboid, hemi-granoblastic. The minerals
are feldspar, quartz (more abundant than in 19276 A}, biotite and accessory apatite
and ore. The feldspar comprises oligoclase and microcline microperthite. The latter
seems to be concentrated in certain bands parallel to the foliation. It is so filled with
strings that it approaches a mesoperthitic composition. Where bordering on plagio-
clase, it seemingly corrodes the latter, which contains irregular rods and protrusions
given off from the potash feldspar. The plagioclase is antiperthitic of the coarse
string type, but may within one and the same grain grade into the above-mentjoned
diablastic plagioclase with intergrowth of potash feldspar. Where not hidden by anti-
perthitic or diablastic textures, closely spaced albite and pericline twins are seen in
the oligoclase. The biotite is of the same type as found in sp. 19276.

Summarizing, it may be said that the content of quartz and potash feldspar
seems to be greater in 19277 than in 19276. (This may, however, be due to the tendency
of these minerals to concentrate in certain bands). A complete exsolution and rearran-
gement of the potash feldspar is seen in slide 19277, where the “diablastic plagioclase”
is found. The elongated shape of the associated quartz may point towards the para-
tectonic nature of this process.

Sp. 19278 shows a still more advanced stage of this development. Of the former
plagioclase, only diablastic grains are left, the other feldspar being microcline micro-
perthite partly of porphyroblastic development. Comparing the quartlz in the three
sections, if is seen that in the purple gneiss, the quartz contains liquid inclusions (or
gas bubbles), while in the next stage (19277) it becomes rutilated. In sp. 19278
inclusions of zircon, and a red-brown mineral (tourmaline) appear as well. The full
development of the inclusion-rich quartz is met with in 19279. This rock shows a
hemi-granoblastic texture which seems to have been formed by recrystallisation of
a partly cataclased rock. The orientation of the biotite (now of a more greenish type)
indicates that this cataclasis occurred along younger S-planes which cut the old
foliation obliquely and caused its plication. This movement and the succeeding
recrystallisation have evidently resulted in a new rearrangement of the plagioclase
and potash feldspar. The former is largely reconstituted as an oligoclase which
contains only relics of antiperthite. That we actually have relics is shown by the
occurrence of the string type as well as a type which is so irregular that it must
have developed from the diablastic intergrowth described above. The microcline in
its turn forms separate grains with well developed cross hatching and hardly shows
perthite texture.

Another important feature which may be noticed in this rock is the first appear-
ance of sphene. In the earlier stages, the biotite seemingly has been capable of in-
corporating the titanium released through the break-down of the hypersthene. The
change in the colour of the biotite from brown to greenish, however, can hardly be
explained in this way, since in other rocks described below, greenish biotite occurs
abundantly without the presence of sphene.

The deformation mentioned above, leading to the almost complete separation
of the two feldspar phases, has left fewer traces in the relic mineral associations of
the purplish rock type, but that it all the same has attacked this rock is evident
from the undulate quartz and occasionally bent plagioclase twins.
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Apart from these specimens, which enable one to establish an almost
continuous record of the transition from the purple gneiss into the light
coloured biotite gneiss, the study of other specimens has brought for-
ward a wide variety of “evolutionary glimpses”’, which fit well into the
ideas developed above. Some of these rocks which show greatest affinity
to the purple gneisses will be described now. Others, which resemble
more the light coloured biotite gneiss type, will be described after this.

Transitional types related to the purple gneiss

4027. Biotite/garnet-bearing grey to violet gneiss, south of the Tovqussaq mountain.

A greenish grey to violet, fairly foliated biotite gneiss of medium grain. Small
deep brownish red garnets are seen in one part of the handspecimen, but do not occur
in the slide, where the texture is seen to be slightly interlobate, hemi-granoblastic,
with seams of parallel orientated dark minerals. The constituents are a faintly anti-
perthitic plagioclase (25—26 9/, An), quartz, hornblende, biotite, epidote and some
microcline besides accessory apatite and ore. The yellow-green to bluish green horn-
blende is partly replaced by a greenish biotite, which in this case shows diablastic
intergrowth with quartz. Faintly yellow epidote occurs quite abundantly in hypidio-
blastic grains associated with biotite. The occurrence of epidote (seemingly as a
stable mineral) within this rock is remarkable.

4038. Pale violet biotite gneiss, Lange.

A pale violet, foliated rock of medium grain. The texture is dominated by the
bands of granulated quartz and others of hemi-granoblastic plagioclase with asso-
ciated lobate to amoeboid quartz. Faintly antiperthitic plagioclase (20-22 °/, An)
and quartz occur in almost equal amounts. The scarce, greenish brown biotite forms
interrupted foliae. Microcline occurs in very small quantities as interstitial fillings.
A few relics of a bluish green hornblende are also found. Apatite and ore form scarce
accessories.

19136. Pale purple biotite gneiss, Lange.

A light coloured pale purplish rock with pink veins carrying blue quartz. The
sparse biotite is arranged parallel to the banding or veins. The grain size is fine to
medium. The texture is highly interlobate, almost gneissose with elongated quartz
grains. In thin section, the pink veins or bands are seen to correspond to stained
stripes, which are somewhat richer in microcline than the surrounding areas. The
minerals are feldspar, quartz, a little biotite and accessory ore. The feldspar is partly
oligoclase (23°/, An) and partly microline. Mesoperthitic and antiperthitic textures
are found, although much of the plagioclase is free of inclusions. The interstitial
relation of the microcline is still discernable, but is less clear than in slide 19136
(see above). The biotite is greenish and may show diablastic intergrowth with
quartz. A single relic of the usual hornblende was found.

4018. Light coloured biotite gneiss, 1st Intermediate Layer, north coast of Inderhavn.

A light coloured grey to pink gneiss with medium to almost fine grain size.
Streaks of biotite and ore indicate a weak foliation. Otherwise the texture is grano-
blastic to cataclastic with a faint banding. The minerals are antiperthitic plagioclase,
quartz, potash feldspar, biotite and accessory apatite and ore. The calcic oligoclase
is often untwinned. Where twinning is seen, the lamellae have been bent. The extinc-
tion is also undulose. Quartz forms granulated lobate to amoeboid grains and smaller
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irregular individuals. The potash feldspar occurs partly as fine to string-like antiper-
thite and partly as interstitial or separate grains. Where the latter border on plagio-
clase, microdiablastic intergrowths between the two feldspars have been observed.
Mesoperthite has also been noticed. The biotite is pleochroic from yellowish brown
to dark greenish brown. The lepidoblastic grains, which may be bent, are intimately
associated with the ore grains. In the leucocratic bands a dark pigment is seen along
cracks and fractures.

Among the transitional stages between the typical purple gneiss
and the light coloured gneiss, some remarkable rocks, the feldspars of
which are almost exclusively mesoperthite, have been met with, These
rocks are generally very leucocratic and show quartz-syenitic to alaskitic
compositions; because of their local and restricted field occurrence, they
are not considered as “types’’.

4019. Purple to pink quartz-syenitic granofels, west of Sorthat.

A medium grained, saccharoidal, purple to pink rock, which is extremely leuco-
cratic. The minerals are microperthite (almost mesoperthite), quartz, and very scarce
biotite and accessory apatite and ore. The granoblastic feldspar constitutes more
than two-thirds of the rock. Quartz occurs in lobate to amoeboid grains of varying
size. They may be granulated and show undulating extinction. The biotite is deep
yellowish brown.

4094 A. Light coloured to faint purple, medium grained, alaskitic
granofels (interbanded with hypersthene-gneiss, see 4094 B), west of Lejrsa.

The rock is very homogeneous although a faint orientation may be seen in the
arrangement of larger plate-like quartz grains. The minerals are quartz, microcline,
plagioclase and very scarce biotite with allanite.

When seen under the microscope, an extraordinary microdiablastic texture is
revealed. This texture seemingly has developed from a granoblastic mosaic, traces
of which still may be seen in some relic areas within the slide. Quartz occurs as large
lobate to almost amoeboid grains showing undulating extinction and as smaller
myrmekitic individuals or blebs. The microcline shows irregular extinction but grid
twinning has not been observed. It occurs partly interstitially and partly in diablastic
intergrowths with plagioclase. This latter mineral is only faintly twinned and seems
to be an oligoclase. Together with quartz, it shows relics of a former granoblastic
texture in certain areas. In this position it is antiperthitic. When studied with the
aid of the highest magnification a very high content of the finely distributed anti-
perthite was seen in addition to coarser patches of potash feldspar. In the plagioclase
from the diablastic parts, the fine antiperthite is not seen and the coarse type is
not common. The potash feldspar seems almost completely rearranged forming
diablastic intergrowth with plagioclase. Grains have been observed where coarse
antiperthitic texture gradually changes into an almost graphic arrangement of the
two feldspar phases across the crystal. One of these grains even showed relic zoning
within the plagioclase.

The light coloured biotite gneisses

These rocks form a very distinct type characterised by their finer
grain and light grey to almost white colour. The composition is generally
granodioritic to granitic. The minerals are oligoclase (20—25 9/, An),

123 3
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microcline, quartz (rich in tiny inclusions) and a more greenish biotite.
Sphene has so far only been found in two of the specimens (19279, see
above, and 19238, see below). Apatite and ore are common accessories.
This rock type evidently represents the end member of the transitional
series of gneisses dealt with here and it is connected to it by a large
number of variations.

4041. Light coloured biotite gneiss, 2nd Intermediate Layer, between Sorthat and
Ankerbugtelv.

A light coloured, medium to fine grained biotite gneiss which shows parallel
arrangement of the scattered biotite flakes and partly lineated quartz. Otherwise,
the rock is very homogeneous. The texture of the light minerals is interlobate, hemi-
granoblastic and has seemingly been developed by recrystallisation of a cataclastic
texture. The minerals are feldspar, quartz, a little biotite and accessory apatite
and ore. (The minerals found as tiny inclusions in quartz are not listed as accessories
in any of the descriptions). The feldspar comprises oligoclase (ca. 23 °/, An) and a
somewhat microperthitic microcline. The former predominates slightly over micro-
cline, which forms interstitial to granular grains. In one place it is also seen to
replace the plagioclase in a perthitic fashion. The biotite is pleochroic from greenish
to black. Quartz is filled with tiny inclusions similar to those described below from
4£020.

4020. Light coloured biotite gneiss, 2nd Intermediate Layer, SW of Enehgj.

A light coloured, almost fine grained biotite gneiss with a slight dispersed
foliation. The texture is hemi-granoblastic. The minerals are plagioclase, quartz,
microcline and biotite together with ore and apatite. The quartz tends towards
lobate outlines, but otherwise more granular grains dominate among the light minerals.
The plagioclase is an oligoclase (ca. 23 °/, An). The interstitial microcline contains a
few thin microperthitic strings. Biotite is pleochroic from yellowish green to very
dark olive.

Quartz contains several kinds of tiny inclusions. Slender needles with a very
high refractive index are thought to be rutile. They occur all over the grains in
certain preferred directions. Small prismatic to rounded yellowish grains seemingly
consist of zircon. Their relief is higher than that of apatite and they are length-slow.
Rounded to elongate grains, which in a few cases show the typical basal section of
tourmaline and which are but slightly pleochroic in purple to red colours, are all
considered to be tourmaline. They are not very common. Finally, the quartz contains
plenty of small irregular inclusions which seem to be of liquid (? or gas bubbles).
They are concentrated in the central parts of the grains and are usually absent next
to cracks and fissures.

4075.Lightcolouredbiotite gneiss, east of Ankerbugtelv, 1st Intermediate Layer.

The handspecimens show a light-grey to somewhat pinkish, medium to almost
fine grained rock. Rod-like light brown quartz grains are macroscopically visible.
When viewed with a hand lens or under the microscope, the arrangement of the
biotite indicates the existence of an old foliation (S;) which has been shear-folded
into micro-folds by movements along partly recrystallised S-planes (S,). These latter
are only microscopically visible. The 8;-planes are indicated by wavy rows of un-
deformed biotite flakes. The younger shear planes (S,) are shown by zones of intense
mortar texture and, where these traverse relic cataclasts of quartz, by parallel
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limonite-coated fractures. Where they continue into preserved larger plagioclase
grains, the younger fractures are accompanied by saussuritisation.

The minerals are quartz, microcline, plagioclase, biotite and accessory apatite
and ore, A division into an older mineral assemblage corresponding to the develop-
ment of the 8,-planes and a younger mineral association created along with the for-
mation of the later S,-planes is evident.

To the older assemblage belong the elongated larger quartz individuals, an
antiperthitic to mesoperthitic andesine, and apatite. The apatite occurs in relatively
large crystals, which locally are cut by the S,-planes.

The younger association undoubtedly has been formed by mechanical breaking
down and recrystallisation of the older. During the recrystallisation of the “crushed”
old highly antiperthitic plagioclase, the potash component separated out to form
interstitial individual crystals of grid twinned microcline. The recrystallised plagio-
clase is an oligoclase. The recrystallisation clearly outlasted the deformation, as the
cataclastic texture in most places has been changed into a blasto-cataclastic mosaic
where lobate and interlocking grain-borders predominate. At the same time, the
biotite seemingly has undergone a reconstitution—judging from its present unsheared
habit. It is pleochroic from yellowish to dark greenish brown.

19238. Light coloured biotite gneiss, coast of Gule Hav.

A light grey, medium grained rock of granitic composition. In hand specimen,
a dispersed foliation is shown by the parallel arrangement of the small biotite flakes.
The minerals are quartz, microcline, oligoclase, biotite, muscovite, epidote (allanite),
apatite, sphene and ore. The composition is thus granitic, since microcline dominates
over plagioclase. The texture is hemi-granoblastic. Microcline shows cross hatching
and forms granoblastic to almost porphyroblastic grains, which latter replace the
plagioclase. Myrmekite is rare, but noticeable. The plagioclase is somewhat saus-
suritised and twinning is only seen on a few grains. It may show more sodic reaction
rims towards microcline. The quartz forms large lobate grains with undulating
extinction and small bleb-like individuals which seem undeformed. The biotite is
strongly pleochroic from yellowish green to very dark grey-brown. Muscovite occurs
as stumpy flakes seemingly secondary to biotite. Epidote of a yellow-green colour
forms small irregular grains associated with biotite. Sphene is found as rims on the
ore grains.

4010 A. Light coloured, slightly banded, biotite gneiss, East of Kosakfjeld.

A rather light coloured, medium grained gneiss with more coarse leucocratic
bands alternating with more fine grained biotite-bearing bands. In the section the
texture is hemi-granoblastic with lobate to amoeboid outlines. The minerals are
antiperthitic plagioclase, quartz, microcline, biotite and accessory allanite and ore.
The quartz shows the usual inclusions and undulating extinction. The plagioclase
(about 239/, An) contains rather coarse antiperthitic inclusions. Microcline forms
small interstitial grains. Biotite is yellow-green to greenish brown and contains
small grains of a yellow-brown allanite.

4010 B. Coarse grained granite pegmatite, associated with specimen 4010 A,
described above.

The pink rock contains quartz, microcline and plagioclase. The texture is
interlobate, hemi-granoblastic. Quartz shows the same minute inclusions as in the
adjacent gneiss. The microcline is somewhat microperthitic. The plagioclase is com-
monly severely altered, but seems to be an oligoclase with an extinction angle reach-
ing 10°,

3*
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4049 A, Light coloured biotite gneiss, west of Stroget.

A fine to medium grained, light grey biotite gneiss of almost quartz-dioritic
composition. The foliation is of the dispersed type with scattered biotite flakes
arranged parallel. The texture is hemi-granoblastic with slightly lobate outlines of
the individual grains. The minerals are plagioclase (22—25 9/, An), quartz, microcline,
biotite and very scarce zircon and ore. The oligoclase is just a little antiperthitic.
Quartz tends to develop amoeboid outlines. Microcline occurs inferstitially. Some
grains show irregular extinction, others grid twinning. The biotite is somewhat
greenish yellow to brown.

4049 B. A more quartz-rich, leucocratic type of medium grain.

The texture is characterised by smeared-out thin layers of quartz. The oligo-
clase-andesine is finely antiperthitic and shows bent twins. The quartz layers seem
to have been developed by ‘“squeezing out” of former large, elongated amoeboid
quartz grains into granulated bands with prominent undulating extinction.

19302. Light coloured biotite gneiss, 1st Intermediate Layer, Qrenes.

The medium to almost fine grained light grey rock is relatively well foliated and
lineated with rod-like quartz grains. The texture is cataclastic to blasto-cataclastic
with relic islands of medium grain size. Mortar-textured seams and zones are parallel
to the rows of undeformed lepidoblastic biotite. The following minerals have been
observed: quartz, plagioclase (partly developed as mesoperthite), microcline and
biotite plus accessory apatite and ore.

A mosaic of irregular to lobate quartz grains indicates an original larger grain
size. The blasto-cataclastic small quartz grains have recrystallised into interlocking or
bleb-like grains. Plagioclase is developed both as mesoperthite and seemingly younger
non-perthitic grains which may border on microcline. The interstitial microcline
seems to be in optical continuation with the potassic component of the mesoperthite.
In thel atter mode of occurrence, the potash feldspar occasionally shows the typical
grid twinning of microcline. Where microcline occurs in the more fine grained blasto-
cataclastic seams, it looses its interstitial habit. In a single case, it was seen that the
potash feldspar strings in a grain of mesoperthite were bent and showed wavy ex-
tinction. The deformation giving rise to the crushing of the rock may thus have
outlasted or been later than the formation of the mesoperthite. The biotite is yellowish
to dark greenish brown. Apatite is found in a few large idioblastic crystals and as
small rounded grains.

Transitional types related to the light coloured biotite gneiss

Specimens 35220 and 35221 show great analogies in the histories of
their textural development. They undoubtedly represent two different
evolutional stages of what was once one and the same gneiss. On this
assumption, the study of the two specimens brings forward some highly
interesting aspects as to the origin of the microtextures in the feldspars.

35820. Banded biotite gneiss, NW coast of Qaersup ilua, 1 metre east of the
Interior Pyribolite.

The gneiss is made up of more medium grained, purple to pink, leucocratic
bands which alternate with more fine grained grey bands containing biotite. The
thickness of the layers varies from half a cm to about 2 cm. The reddish colour of



1 Structural Studies in the Pre-Cambrian of Western Greenland. 37

the most coarse grained band is seen under the microscope to be due to finely distri-
buted pigmentation of the feldspars with iron oxide. The two different components
of the gneiss will be dealt with separately in the following.

The medium grained rock shows a composite texture. It consists of plagioclase,
quartz, some microcline and small amounts of biotite, ore and apatite. With un-
crossed nicols large lobate to amoeboid grains of quartz with an average length of
5 mm are seen. With crossed nicols each of these grains is seen to be made up of
many smaller grains with mutual sutured to lobate contacts. These small grains
also show undulating extinction. Quartz occurs moreover as small lobate graing or
blebs in blasto-cataclastic areas between larger plagioclase grains. We thus have
evidence of an original more coarse grained texture, which has been reduced in
grain size by cataclasis followed by recrystallisation. The plagioclase is slightly
antiperthitic (ca. 23 9/, An). Microcline is interstitial in its development and occurs
preferably in the blasto-cataclastic seams and patches.

The fine grained rock shows a hemi-granoblastic texture with curved to lobate
grain outlines. The arrangement of the lepidoblastic biotite seems to indicate a
shearfolding of an old S-surface parallel to the banding. Some biotites show the
direction of the younger shear planes which cut the banding obliquely. In a few
preserved biotite arches no strain shadows can be seen in the biotite flakes. The
development of the shear planes and the following reconstitution of the biotite may
correspond to the granulation and partial healing (sutured textures) of the large
quartz grains described above from the neighbouring band.

The minerals of the fine grained band are plagioclase (ca. 20 %/, An), quartz,
brownish biotite and accessory ore and apatite. The microcline is interstitial and
shows irregular extinction or well developed grid twinning.

35821. Banded biotite gneiss, 7m east of 35820, NW coast of Qaersup ilua.

A banded gneiss with light coloured grey thin bands and pink to reddish bands.
As in sp. 35220 the reddish colour is caused by staining of the feldspar. The two
types of bands can also be separated by their grain size, the light grey being the
most fine grained.

Texturally the two components are very similar to those just described from
specimen 35220. Traces of shearfolding are seen in the more fine grained bands and
granulated formerly large quartz grains are found in the more coarse grained bands.
Mineralogically, there are however some pronounced differences between the two
specimens, 35220 and 35221.

In 35221, the most coarse grained (pink) rock consists of quartz, plagioclase,
microcline and very few dark minerals (biotite and ore). The microcline evidently
replaces plagioclase and is found as patchy areas within the larger grains of this
latter mineral. It also forms irregular grains and more granular aggregates. A few
microperthitic strings may be observed in the microcline.

The most fine grained band consists of feldspar, quartz, biotite and accessory
apatite and ore. The feldspar comprises microcline and oligoclase (ca. 25 %/, An).
In places the two minerals occur independently, but microperthific mixtures domi-
nate most larger feldspar grains. All transitions from a plagioclase with a high content
of antiperthite, via mesoperthite to microcline microperthite may be seen. In some
of the more or less mesoperthitic grains, the outer part of the grain is almost ex-
clusively made up of plagioclase, in others of microcline. In bulk potassic feldspar
seems to dominate over plagioclase.

In both specimens, the quartz is rich in inclusions (rutile, zircon, tourmaline,
liquid inclusions). The fine grained part of sp. 35220 shows, however, quartz which
is poorer in inclusions.
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Since the appearance of the tiny inclusions in the quartz seemingly accompanies
the other changes described from the transition from the purple gneiss into the light
coloured biotite gneiss, specimen 85220 undoubtedly represents an earlier stage
than sp. 35221 in this transition. When the similarity in the sequences in textural
development of the two specimens is kept in mind, it may be concluded that within
the most fine grained bands the mesoperthite has been formed by replacement of a
primary plagioclase. The latter in this case did not show an antiperthitic texture
which could provide preferred “paths of invasion” during the entry of the potash
feldspar.

Granulites sensu stricto

In composition the granulites bear some analogies to the alaskitic
rock (see, for example, sp. 4094 A, described above) in carrying meso-
perthite as an important feldspar, but they are distinguished from the
alaskitic rocks by the presence of red-brown garnet and the Pliattung
texture.

Among the various samples collected, two which were less foliated
were chosen for slicing because they were regarded as the most likely
to supply information on the origin of this rock type.

4037 and 19140. Almost granoblastic variations of granulite, Langg.

White to pinkish rocks of fine to medium grain and consisting of feldspar,
quartz, scattered garnets and small quantities of biotite, sillimanite and ore. In
specimen 19140, the quartz is lineated, while in sp. 40387 bands (1—2 mm thick)
of quartz have been developed so that a true Plattung texture is approached. The
garnets may also be dragged out parallel to the quartz bands in this rock. In the
thin section, the texture is dominated by the extremely lobate, inequidimensional
quartz and feldspar. The feldspars are a highly microperthitic microcline (mesoper-
thite) and diablastic to normal antiperthitic plagioclase (25—27 °/, An). All micro-
textural transitions from pure oligoclase to pure microcline are in fact met with.
The garnet is faint pink and may be surrounded by a corona of greenish biotite
which occasionally contains slender needles of sillimanite.

A specimen of the typical granulite was also sectioned, and it will
be described below.

19264, A. B. and C. Granulite, Lange.

A white to yellowish fine grained rock with sparsely scattered deep red garnets
(1 mm to 1 cm). The plate-like to rod-like quartz is grey-brown, and glimmering
sericite and sillimanite may be seen on cleavage surfaces. The minerals are feldspars,
quartz, some garnet, biotite, muscovite, sillimanite and ore. The feldspar comprises
microcline, oligoclase (ca. An 20 9/,), and mesoperthite. Relics of a coarse diablastic
intergrowth between oligoclase and microcline are also found. Microcline is somewhat
microperthitic and is for the most part interstitial although more granoblastic in
the most fine grained bands. Orientated needles of sillimanite occur associated with
“smears” of muscovite, which is partly replacing a greenish biotite. Coronas of
green biotite are observed around the pink garnets.

In this specimen the Plattung texture with banding due to different grain size,
elongated quartz etc., is fypically developed. It has evidently been produced by
movements causing a grinding down of the original coarser grain and a kinetic-
metamorphic differentiation into monomineralic (quartz) bands. The movement has
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also lead to a partial “splitting up” of the mixed feldspar into two separated phases,
the oligoclase and the microcline.

Regarding the feldspars, the granulitic rocks show great analogies to the light
coloured biotite gneisses.

B. The intermediate division

This division includes several dioritic and some anorthositic (ande-
sinitic) rocks. Quantitatively, the dioritic rocks are not particularly
important, but they form a very characteristic member of the rock
association at Tovqussaq. Moreover from a chronological point of view
they are a very important group of rocks. The various occurrences will
therefore be described and discussed in detail later on, while here only
some general comments on their petrography are given. The diorite
occurrence at Dioritnes has been made the subject of a more detailed
petrographic study, the results of which, however, will be presented best
in continuity with the general description of the occurrence (see page 125).

The dioritic rocks at Tovqussaq all seem to have carried pyroxenes,
but in places they have suffered from retrograde alteration, whereby
hornblende or biotite diorites have been produced. These alterations are
very similar to those observed within the gneisses (hypersthene gneiss
to purple gneiss). The following brief description of the diorites, there-
fore, deals mainly with their primary mineral assemblage.

The pyroxene diorites are usually medium grained rocks which show
greenish grey or brownish colours. Their composition is generally rather
leucocratic. The well twinned plagioclase shows an An content varying
from 30 to 45 %/,. It may be slightly antiperthitic, but whether this is a
primary feature or not is uncertain. The pyroxenes usually include both
orthopyroxene and clinopyroxene. The orthopyroxene seems to be a
hypersthene (19293: 36 °/, Fs and 14971: 33—37 %/, Fs, ace. to RI
determinations by H. MicHEELSEN). A brown biotite may be primary in
some of the diorites, but biotite developed during the retrograde altera-
tion also occurs. The hornblende, which usually is uralitic, seems to vary
in composition from a common hornblende to Mg-hastingsite (see fig. 4).
A pale greenish blue actinolitic amphibole may locally replace the more
strongly coloured hornblende. The accessories include apatite, zircon
and ore. Quartz, when present, seems to have originated from retrograde
metamorphism.

19137, Leucocratic biotite diorite. Conformable diorite layer within the western
part of the Great Pyribolite, north coast of Langs.

A medium to almost coarse grained grey greenish rock with a foliation. The
texture is slightly interlobate, hemi-granoblastic, but mortar seams traverse the
slide. The minerals are plagioclase (25—27 9/, An}, a little biotite, relics of hypersthene
and accessory apatite, ore and zircon. The biotite is red brownish and seems to have
formed at the expense of a hypersthene.
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19248. Hypersthene-bearing diorite. Western part of 2nd Intermediate Layer,
north coast of the Pikitsoq fjord.

A greenish grey, medium grained rock with a poorly developed foliation. The
texture is hemi-granoblastic. The minerals are andesine, hypersthene, hornblende,
biotite, quartz, very little potash feldspar and accessory apatite, ore and zircon. A
little interstitial calcite may also be noticed. The pleochroic pinkish hypersthene,
which shows rounded to lobate outlines, is partly altered into a pale green hornblende
or into brownish biotite. The quartz seems always associated with such hornblende
or biotite.

19141. Pyroxene-bearing diorite, west of Granulitss, Lange.

A greenish brown, medium grained rock with slight lineation. The texture is
saccharoidal to interlobate, hemi-granoblastic. The minerals are faintly antiperthitic
plagioclase (33—39 ¢/, An), brownish green hornblende, hypersthene, brown biotite,
pale green diopside, a little quartz, apatite and ore. Interstitial calcite may also occur,

19145. Pyroxene-bearing diorite, south of Nordnor, Lange.

A medium grained grey to reddish brown rock with a prominent planar and
a less well developed linear orientation of the mafics. The reddish tinge is due to the
flesh-coloured feldspar. The texture is crystalloblastic. The minerals are plagioclase,
hornblende, hypersthene, diopside, biotite and accessory zircon and ore. The hemi-
granoblastic plagioclase is an andesine (42—45 ¢/, An) which in the larger grains
may show a faint normal zoning. The hornblende is pleochroic from light yellowish
green (X) to brownish green (Y) and grass green (Z). It is generally densely packed
with minute needles and inclusions of ore (schiller texture). This hornblende seems
to have been formed by replacement of a faint greenish diopside. The pinkish hy-
persthene forms xenoblastic grains partly rimmed by diopside or is found as partly
digested relics within larger grains of diopside. Where diopside with relics of ortho-
pyroxene has been uralitised, the hornblende in direct contact with hypersthene is
bluer than usual. The biotite is pleochroic from yellow-brown to deep brown or
nearly black. It occurs in separate lepidoblasts and as replacement products of green
hornblende. AIl mafics show preferred orientation with their ¢ axis more or less
parallel to the macroscopically visible lineation. The only accessories noticed in the
three sections are zircon {enclosed by hornblende) and ore.

4042 and 18416. Hornblende diorite. Kosakfjeld, north of Inderhavnen.

A medium grained, yellow-brown to red-brown, lineated rock which contains
the following minerals: plagioclase (sp. 4042: 36—38 ¢/, An, sp. 13416 : 40—45 ¢/, An),
hornblende, biotite and accessory apatite and ore. The texture is granoblastic, but
the individual grains often show mortar seams or slightly sutured outlines. There
are two sorts of amphibole, the normal brownish green hornblende and a pale greenish
blue type which judging from its smaller extinction angle (about 16°) may be actino-
litic. The latter is seen to replace the more deeply coloured variety. The biotite is
olive greenish and, like the hornblende, forms quite irregular grains.

19655. Biotite diorite cut by a granitic aplite, island west of Gule Hav.
The hand specimen shows a medium to coarse grained yellow brownish diorite
which is spotted with aggregates of biotite. It is cut (with a clean and sharp contact)
by a fine to medium grained granitic aplite of light grey colour. Seen under the
microscope, the diorite is hemi-granoblastic with partly recrystallised mortar seams
between the grains. It is leucocratic and contains plagioclase, biotite and quartz.
No accessories were noticed within the slide. The faintly zoned plagioclase shows an
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An content from 30 to 40 ¢/,. The biotite forms aggregate flakes which show diablastic
intergrowth with quartz, and small scattered scales. It is pleochroic from yellowish
to green. Quartz may also be found in a few separate grains. The aplife shows an
aplitic texture with studded microcline porphyroblasts. Thin mortar seams may be
seen between the grains. The minerals are quartz, microcline, plagioclase, biotite
and accessory apatite, zircon and ore. The plagioclase is an antiperthitic oligoclase,
which in contrast to the plagioclase of the diorite shows albite—Carlsbad twins. The
microcline is grid twinned and contains rounded blebs of quartz. The biotite is
pleochroic from yellow-green to greenish brown, and forms irregular, bent and
strained flakes. Apatite and zircon are both associated with the biotite. The contact
is sharp and clearly indicated by the abrupt change in texture. Where the microcline
of the aplite borders on the plagioclase of the diorite, myrmekite is developed close
to the contact. Moreover, the normally andesinic plagioclase of the diorite becomes
slightly more sodic towards the contact, and contains, within a zone parallel to this,
antiperthitic inclusions of potash feldspar. This zone with antiperthite is developed
in grains bordering the entire length of the contact and is most probably formed by
replacement of plagioclase by potash feldspar introduced from the aplite. Following
the same line of reasoning the antiperthitic plagioclase of the aplite may also have
been formed by replacement processes during introduction of the microcline. Carried
to the extreme, the conclusion could be drawn that the aplite originally was a dioritic
aplite, which has suffered from an intense granitisation.

19144. Hypersthene-bearing diorite aplite, isthmus east of Nordnor, Langs.

A fine grained greenish grey rock with a faint lineation produced by the dark
minerals. The texture appears almost wholly saccharoidal eu-granoblastic. The
minerals are plagioclase (31—34 %/, An), olive green hornblende, hypersthene, diop-
side, a little biotite and apatite and ore. The xenoblastic hornblende often corrodes
or includes the pyroxenes.

19146. Biotite diorite aplite, south of Nordnor, Langg.

A fine grained rather dense looking dark grey rock. The {exture is cataclastic,
but has obviously developed from an original saccharoidal eu-granoblastic texture.
The minerals are plagioclase, biotite, quartz and accessory apatite and ore. The
plagioclase is a calcic oligoclase which shows irregular extinction and bent twin
lamellae. The greenish brown biotite may also be contorted. The quartz occurs as
small granules together with the biotite in between the larger plagioclase cataclasts,
whereby a sort of flaser texture is developed.

The dioritic rocks from the Dioritnses occurrence are described on page 130.

C. The basic division

This division comprises two major groups of rocks, the pyribolites
and the gabbro-anorthosites,

‘The pyribolites
The pyribolites and the associated pyroxene-amphibolites build up
the thick marker horizons mentioned earlier. They also form an important
component in many of the mixed gneisses. Some of these rocks have been
studied previously by H. Serensen (1953) who described them as
hypersthene-amphibolites. According to the classification suggested by
the present author, most of them should now be called pyribolites.
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The limits of the hornblende: pyroxene ratio allowed for in pyribolite
are rarely exceeded in any rocks of this group. The relative proportion
of mafics to feldspar, however, varies rather from specimen to specimen
—or from band to band within a single specimen—but in general plagio-
clase constitutes from a quarter to a half of the rock. The pyribolites and
the pyroxene amphibolites are medium to fine grained, greenish to
brownish, dark rocks, which at first glance appear structureless, but most
of them reveal preferred orientation (generally a lineation) when studied
more closely. Banding is seen in some types, whereas other types are more
homogeneous. The minerals are ortho- and clinopyroxene, plagioclase and
hornblende, scarce biotite and accessory apatite and ore. Garnet is a rare
constituent.

The twinned plagioclase is generally a labradorite, but may vary
from 40—75 °/, An. Zoning, normal or reverse, occurs in some specimens.
The crystals are water-clear.

The hypersthene is pleochroic from pink to greenish. According to
H. SorENSEN, the Fs content varies from 29—50 ¢y the highest iron
content being reached in a rock where a late formation of garnet has
taken place.

The diopside is usually faintly greenish. For this mineral H. SorEN-
sEN has determined 2V :57,¢c A Z:41° ny:1,694 in one slide and
2V :57, ny: 1,69 in another which correspond to about 30 °/, heden-
bergite (TroGERr, 1956, p.63). The author has measured c A Z: 42°
and 2V: 58 approx. (in 19306), which gives a hedenbergite °/, about 35.

The hornblende was studied in two samples by H. SereNseN, who
classified it as an actinolitic hornblende (H. SeorEnsewn, 1953, p. 20).
Measuring maximum extinction angles, the present author realised that
a great variation in the ¢ A Z occurred in different slides. As a closer study
of the hornblendes was desirable in order to define more precisely the
difference between the hornblendes of the pyribolites and the gabbro-
anorthosites, measurements of 2V and ¢ A Z were performed on the
universal stage. ~

The results of this study are shown in fig. 4 where ¢ A Z is plotted
against 2V. The variations of these two optical properties for some known
hornblende series are also indicated (TROGER, 1956). The most striking
result is the extreme variation exhibited by different grains within one
and the same slide. The fact that three different samples show quite
similar variations proves that these are not fortuitous. The data obtained
on hornblendes from a gabbro-anorthosite also group themselves in an
analogous way. Another striking feature is the extremely small ¢ A Z
found in some hornblendes which thus are pseudo-orthorhombic.

All the hornblendes are length-slow and show a normal but slightly
varying pleochroism from X: faint yellowish brown, Y : greenish brown,
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Fig. 4. Diagram showing the observed variation in the optical constants (c A Z
and 2V) in the Tovqussagq hornblendes.

Z: brownish green to X: yellowish green, Y: olive and Z: green or almost
bluish green. The latter type of pleochroism seems confined to the grains
yielding the largest values for ¢ A Z.

Undoubtedly a thorough study of the problem just touched on here
would give interesting results, but such a study falls outside the scope
to the present work.

The data shown in fig. 4 indicate that the hornblendes of the thick
pyribolite layers are rather rich in Mg, since the variational trend-line
intersects the Mg-hastingsites, the tremolite end of the actinolite-tre-
molite series, and since the pseudo-orthorhombic variety approaches
values which should be expected from a pure Mg-gedrite. The varieties
with larger ¢ A Z but smaller 2V could be interpreted as soda-rich species
developed from Mg-hastingsites. This assumption would also explain
the local occurrence of bluish rims on the hornblende where the adjacent
plagioclase shows inverse zoning, the soda expelled from the plagioclase
having been absorbed by the hornblende. Various other changes may
naturally also accompany the shift in colours.

The few readings from a pyribolite (4029 B), which occurs as a com-
ponent of the gneiss, indicate that here there is a transition from more
normal hornblendes to Mg-hastingsite.

Biotite occurs only in small quantities in the pyribolites. It is usually
brownish to red-brown and forms independent small flakes or has grown
on grains of ore.
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A chemical analysis of a melanocratic pyribolite from Lange has been
published by H. SerenseN (1953, p. 45). The specimen analysed contained
only 19 9/, plagioclase and cannot be regarded as representative of the
pyribolites. In the following descriptions, some textural relations are dealt
with. The thick marker horizons are given special names (see plate 2).

4016. The Interior Pyribolite, north of Navlen.

A dark greenish brown, fine to medium grained, slightly banded rock with a
saccharoidal, almost hemi-granoblastic texture. The minerals are plagioclase, diop-
side, hornblende, hypersthene and accessory biotite, apatite and ore. According to
H. Serensen the An content of the plagioclase is 40—45 9/,. The diopside is faint
greenish, while hypersthene is pleochroic from pale pink to greenish (Fs 38 ¢/, accord-
ing to H. SerenseN). The brownish green hornblende shows concave borders against
the pyroxenes. A few small grains of a red-brown biotite have grown on some ore
grains.

4048, The Great Pyribolite, west of Ankerbugtdalen.

A slightly banded dark greenish medium to fine grained rock with an almost
nematoblastic texture, due to a prominent lineation of the hornblende. The minerals
are hornblende, plagioclase {about 50 ¢/, An), diopside, hypersthene and ore. Both
pyroxenes appear as rather rounded grains, while hornblende tends to form elongated
prismatic grains. The banding is caused by variations in the content of plagioclase
and the predominance of one or the other of the pyroxenes. The hypersthene contains
29 9/, F's approx. (H.Seorensen) and thus strictly speaking should be called a
bronzite.

4040. The Pas Pyribolite, east of Ankerbugtdalen.

A dark, fine to medium grained rock. The minerals are plagioclase (53 ¢/, An,
according to H. Sgrensen), greenish diopside, hornblende, hypersthene and some
apatite and ore. The pink to greenish hypersthene may form poikiloblastic grains,
which only are detectable because the separate parts extinguish as a unit. H. Sere~-
SEN (19583, p. 20) studying the same slide, concluded that the hypersthene was the
last-formed mineral.

19247. The Great Pyribolite, small point on the north-west coast of Pakitsoq.

The dark greenish rock is fine to medium grained (1 mm—5 mm} with some
more coarse grained bands. It is finely banded and shows a well developed lineation.
Under the microscope the texture is seen to be granoblastic to nematoblastic. The
minerals are plagioclase, hypersthene, diopside, hornblende and accessory ore. The
hypersthene may be almost 1 cm across with irregular outlines and inclusions of
saccharoidal plagioclase. The pleochroism is hardly noticeable. The plagioclase is a
labradorite (ca. 55 °/, An). The yellow-green to brownish green hornblende seems
concentrated in certain bands where it is associated with small granular hypersthene
grains. Diopside is transparent and also seems fo contribute to the banding by its
uneven distribution in the rock.

19299. The Great Pyribolite, south coast of Pakitsoq fjord.

A dark greenish-grey, rather fine grained rock with a weak lineation. The
texture is saccharoidal granoblastic to somewhat nematoblastic. The minerals are
plagioclase (about 70 °/, An}, pleochroic hypersthene, hornblende and faint greenish
diopside besides accessory apatite. In some grains, the plagioclase shows reverse
zoning.
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19273. The Péakitsoq Pyribolite, south of the Eqaluk fjord.

A dark grey, lineated fine grained rock with a granoblastic to nematoblastic
texture. The minerals are plagioclase (ca. 60 %/, An), diopside, hornblende, hypersthene
and the accessories apatite and ore. The poikiloblastic diopside does not disturb the
general granoblastic mosaic. In a few cases, hypersthene also seems to form large
more spongy grains since disconnected neighbouring grains extinguish together.
The plagioclase may show reverse zoning.

13415. Mela-pyribolite, from the Pékitsoq Pyribolite, south coast Eqaluk, collec-
ted by H. SeRENSEN.

The specimen represents a very dark green, fine grained band. The minerals
found in the thin section are hornblende, diopside, hypersthene and small quantities
of plagioclase. This latter mineral, however, occurs more abundantly in other parts
of the layer. The texture is granoblastic to poikiloblastic due to the occurrence of
up to 5 mm large spongy hypersthene grains which include granular hornblende,
plagioclase and diopside. The hornblende shows concave outlines against the pyro-
xenes. The pleochroism and the optical data of the hornblende have been dealt
with above (see also fig. 4). The An content of the plagioclase is 45—50 %, according
to H.SgrenNsen, who also found that the pink hypersthene contains 42 ¢/, Fs.
(H.Serensen, 1953, p. 19—20).

13431 B. The Great Pyribolite, east coast, northern Lange, collected by
H. SeRENSEN.

A banded rock, with brownish to black, fine grained layers separated by more
feldspar-rich medium grained bands. The minerals of the dark layers are hornblende
(40 °/,), hypersthene (22 9/,), plagioclase {199/,), diopside (18°/,) and ore (1 ¢/,
according to H.SegrenseEN. The texture is granoblastic to almost nematoblastic,
due to preferred orientation of the hornblende. There is also a slight tendency to
an elongation of aggregates of saccharoidal plagioclase and the stumpy prismatic
diopside. The hornblende shows the usual concave border against pyroxene. A few
larger xenoblasts may surround diopside and hypersthene. The pleochroic hypersthene
contains 33 %, Fs, the faint greenish diopside about 309, hedenbergite and the
normal zoned plagioclase 58—65 9/, An, (all determinations by H. SeRENSEN).

19306. Pyribolite layer, Tugdlerunarssuit, south of Lange.

A dark greenish medium to almost fine grained rock with slight lineation.
In a section at right angles to the lineation, the texture appears saccharoidal grano-
blastic. The minerals are pale greenish diopside, plagioclase {ca. 65 ?/, An), hornblende
and pinkish hypersthene besides the accessories ore and apatite. A little secondary
calcite was also noted. The diopside shows ¢ A Z: 42° and 2 V: 58, approx. which
according to TréceEr would indicate a hedenbergite content of about 35 ¢/,

The following description deals with a pyribolite which forms part of the mixed
gneiss. The associated gneiss is described above under the hypersthene gneisses
(4029 A and C).

4029 B. Pyribolite, from mixed gneiss at the top of the Tovqussaq Mt.

A greenish grey, fine to medium grained rock with a distinct foliation. The
texture is granoblastic to nematoblastic. The minerals are plagioclase, hornblende,
diopside, hypersthene and accessory apatite and ore. The plagioclase is a labradorite-
bytownite which shows irregular zoning. Among the pyroxenes, which predominate
over hornblende, the faint greenish diopside is far the most common. Ore coatings
on the cleavage planes of hornblende were noticed. The hornblende shows nemato-
blastic development with concave borders against pyroxene.
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The following sample, which previously has been described by H. S@RENSEN
as a hypersthene amphibolite, retains this name according to the new system of
classification, since in this rock, hornblende is sensibly more prominent than pyroxene.

13418. Garnet-bearing hypersthene amphibolite, north-east of Atangmik
collected by H SoRENSEN.

The texture is granoblastic to porphyroblastic. The minerals are plagioclase
(55—70 %/, An), hornblende, garnet, hypersthene, biotite and ore. The plagioclase
shows strong reverse zoning. The xenoblastic hornblende showed a maximum extinc-
tion angle of 41° when measured under the ordinary microscope (no basal sections
suitable for universal stage work are found in the slide). The large extinction angle
(nearly ¢ A Z) and a relatively small 2V justifies the assumption that this hornblende
corresponds to the sodic Mg-hastingsites found in other slides. The garnet is pink
and completely isotropic. Hypersthene is pleochroic from pink to greenish and was
estimated as 50°,Fs by H.Sorensen. The pale yellowish to dark red-brown
biotite occurs in bent flakes with irregular extinction. Garnet contains idioblastic
biotite flakes and small grains of hypersthene. Larger hypersthene grains may show
bent cleavage planes. In this slide, the hornblende exhibits convex outlines against
hypersthene.

The gabbro-anorthosites

The term gabbro-anorthosite is used here to designate a group of
rocks which consist essentially of calcic plagioclase and some mafics
(diopside, hornblende, biotite) together with accessory apatite and ore.
The field characters of these rocks will be described later on; here it
should only be mentioned that the gabbro-anorthosites show great vari-
ation in composition and structure. The plagioclase content may vary
from 50 to 100 °/,, but usually the mafies constitute about 10—30 ¢/,
of the rock. Most gabbro-anorthosites are medium to fine grained and
show a typical blue-grey colour due to the feldspar.

The An content of the plagioclase generally varies between 45 and
85 9/, and great variations may be found within one and the same slide.
Zoning is also common. It may be normal, reversed or quite irregular in
relation to the grain outlines. Twinning is generally better developed
than in the plagioclase of the pyribolites.

In some thin sections, the plagioclase grains, when studied under the
highest magnification exhibit a peculiar almost submicroscopic texture
which to some degree is reminiscent of very fine spindle or hair perthite
texture. The extreme small size of the spindles and their abundance
makes their identification by the aid of the microscope impossible.
Possibly this unusual texture is caused by unmixing of a very caleic and
less calcic plagioclase. Similar textures have also been observed in some
pyribolitic rocks, where the plagioclase shows strong zoning. It is hoped
that this very interesting mineralogical problem, although now left aside
since it falls outside the scope of the present paper, may be treated pro-
perly in the near future.
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The diopside is colourless to faint greenish and may be completely
replaced by hornblende. In slide 35838, diopside shows ¢ A Z: 41° and
2V: 56 (ca. 20 9/, hedenbergite).

The hornblende shows some unusual optical properties, which may
help to distinguish the gabbro-anorthosites from plagioclase-rich diopside-
amphibolites. The hornblendes of the gabbro-anorthosites are generally
pleochroic from X: yellowish (faint brownish) to Y: green and Z: bluish
green or greenish blue. In sp. 19245, which does not carry diopside,
¢ A Z varies from 32—42° and the 2V x from 70—b4. In sp. 35838, which
carries diopside and uralitic hornblende; the latter showed ¢ A Z from
22-38° and 2Vx from 62-40; the smallest ¢ A Z being obtained from a ura-
litic rim on diopside. Hornblende is usually nematoblastically developed.

Biotite occurs in slender flakes, which are pleochroic from yellowish
to olive brown or dark brown.

Apatite is scarce, but forms relatively large grains. The ore is generally
associated with the hornblende.

Scapolite, epidote and sericite are rather common secondary minerals
in the gabbro-anorthosites. Scapolite may also in a few instances be
regarded as a “primary’’ constituent.

The following descriptions contain more information about these rocks.

19262. Gabbro-anorthosite, east of the Pas Pyribolite, Gl. Lejrskar.

A dark medium to almost fine grained rock with a prominent foliation and
stripes and lenticles of pure anorthosite. Under the microscope the texture is seen
to be saccharoidal to nematoblastic. The minerals are plagioclase (about 50 9/,),
hornblende, biotite and accessory apatite and ore. The plagioclase is well twinned,
and may show zoning with cores reaching 70 %/, An, which value may again be reached
in the outermost parts of the grain. In general the composition varies between 55—
70 9/, An. In some grains, secondary sericite is found in the central parts of the indi-
viduals. The bluish green hornblende is nematoblastic. The yellowish to olive green
biotite is mostly arranged parallel, but more haphazardly orientated flakes are also
seen. Only a single, but large, grain of apatite was seen. Ore is associated with the
hornblende.

4097. Gabbro-anorthosite, Verdens Begyndelse, north of Hestenzs.

A blue-grey rock with some banding. The grain size is about 1 mm. The texture
is saccharoidal eu-granoblastic. The minerals are plagioclase (ca. 95 9/y), blue-green
hornblende, apatite and ore. In addition the following secondary products occur;
scapolite, epidote, sericite and biotite. The plagioclase contains ca. 47 ¢/, An and
may locally show traces of a fine antiperthitic texture. The scapolitisation has
followed certain bands, where diablastic intergrowth between scapolite and plagio-
clase may be seen. Here, scapolite is also associated with epidote, which latter,
together with an orange brown biotite, seems to replace hornblende. Sericite occurs
as tiny scales in the central part of several plagioclase grains.

19245. Gabbro-anorthosite, north-east coast Qaersup ilua, east of Interior
Pyribolite.

A medium to fine grained rock with a flaser-like foliation, which in the hand-
specimen is seen to be cut off discordantly by the surrounding quartz-rich purple
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gneiss. The minerals are plagioclase {about 80 ¢/, of the rock), hornblende and biotite.
It is the hornblende which causes the foliation. The very pale brown to darker olive
biotite occurs as slender randomly orientated flakes. The plagioclase, which is a
zoned labradorite (68—354 9/, An}, shows a saccharoidal hemi-granoblastic texture.
The hornblende is pleochroic from pale greenish brown to bluish green. It may show
a thin rim of greenish biotite.

19234 A and B. Gabbro-anorthosite, north-east of Kangeq.

A medium to fine grained rock with a sort of augen structure, where the “augen’’
are formed by aggregates of fine grained plagioclase. The mafics, hornblende, some
diopside and scarce biotite, constitute about one third of the rock. The texture is
dominated by the saccharoidal hemi-granoblastic plagioclase, which is a sodic
bytownite (70—82 °/, An) with more calcic cores or rims. The bluish green hornblende
is somewhat xenoblastic and replaces the faint greenish diopside, which latter is
found as smaller irregular to rounded grains often surrounded by hornblende. A
few flakes of yellow-brown biotite and ore grains are associated with hornblende.
Apatite is rare.

4050. Gabbro-anorthosite, south of Stroget.

The handspecimen shows a medium to fine grained blue-grey to purple rock
with schlieren of dark minerals between drawn-out lenses consisting of granular feld-
spar. The minerals are plagioclase (over 90 9/, in handspecimen), diopside, hornblende,
biotite, ore and secondary scapolite. The plagioclase is mainly labradorite but due
to zoning the composition varies from calcic andesine to calcic bytownite. Scarce
inclusions of antiperthite were noticed. The diopside is somewhat greenish and occurs
in irregular to corroded grains partly replaced by hornblende. The hornblende,
which is more deeply coloured than usual, in its turn is in one place seen to be replaced
by yellowish to dark brown biotite, which otherwise forms small randomly orientated
flakes. Scapolite enters the eu-granoblastic texture {of the plagioclase) to a small
extent, but may also be secondary since it occurs in radial aggregates on the walls
of cracks and fissures in the rock. A single amoeboid grain of quartz was seen enclosed
by granoblastic scapolite.

35838. Gabbro-anorthosite, north of Lejrss.

This rock is now medium grained consisting of plagioclase and mafics. The
plagioclase forms granular aggregates up to 5—10 cm long which from their shape
and distribution can be seen to be former megacrysts densely packed in a mafic
matrix. The plagioclase megacrysts are bluish grey with lighter rims. The grain size
within the granulated plagioclase crystals varies from 1 to 2 mm, while the mafic
parts are slightly more coarse grained. Under the microscope they are seen to con-
tain small scattered grains of hornblende and diopside. The texture is saccharoidal
and almost eu-granoblastic. The well twinned plagioclase shows strong zoning,
which may be reversed, normal or irregular. The extinction angle in sections 1 (010)
and (001) varies from 39—43 (An 68—76 ¢/,). H. Micheelsen determined the An
content as 57 9/, from refractive indices measurements, but the sample used may have
come from the peripheral part of a relic large crystal, while the section is cut from
the central part of such a crystal. The hornblende is pleochroic from X; greenish
yellow to Y: dark green and Z: bluish green (for ¢ A Z and 2V consult fig. 4). It
evidently formed at the expense of the greenish faintly pleochroic diopside, which
may contain schiller inclusions. A few ore grains are also found in the saccharoidal
plagioclases.
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D. The ultrabasic division

The petrography of several hornblende-bearing bronzitites from
Lange has been described in great detail by H. Serensen (1953).
Since then, a great variety of ultrabasic rock types have been found on
the Tovqussaq peninsula. The present author has placed this material
at the disposal of Mr, SgrENsEN, who in the future hopes to work it up.
In order not to interfere with this research, only a few types of ultrabasic
rocks are described here merely to give an impression of the variation
displayed by the rocks of this division. Only one occurrence will be
described in more detail. At this locality eclogitic rocks are intimately
associated with more “ordinary” ultrabasites.

Following JonannseN’s classification, the ultrabasic rocks at Tov-
qussaq comprise olivinites, peridotites and pyroxenites. Descriptions
are given below of representatives from all these three families. As
indicated in the legend of the geological map, dunitic types may also
oceur, but they have not so far been identified in the rock collection.
When not otherwise specified, the samples originate from the central
parts of ultrabasic “bodies” (of varying size) found within the thick
layers of pyribolite described above.

Qlivinitic to pyroxenitic {ypes

a. Olivinites

19281. Hornblende-bearing bronzite-olivinite, east coast of the western
peninsula, Kangerdlugssuit.

A fine grained yellow-green to greyish rock with a pronounced lineation of the
darker green hornblende. Olivine (2V ca. 90, i. e. about 10-—15 9/, Fa) makes up
slightly more than the half of the rock. The other minerals are a faintly pleochroic
bronzite (2V slightly less than 90, opt. neg.) and a weakly pleochroic, pale greenish
hornblende (max. ext. angle 25°, 2V nearly 90) in addition to considerable amounts
of ore and small quantities of a dark green spinel. The texture of the olivine is
granular, but the hornblende is nematoblastically developed. More or less parallel
antigorite fissures intersect the lineation obliquely.

b. Peridotites

19311. Hornblende-bearing lherzolite, Great Pyribolite, NW of Ankerbugt.

A yellow-green to grey, almost fine grained rock with a faint lineation. The
texture is granular to nematoblastic. The minerals are olivine {approx. 30 ¢/,),
transparent to faint greenish hornblende, colourless diopside, weakly pleochroic
orthopyroxene and ore,

19263. Saxonite, Little Pyribolite, SE of Tovqussaq Mt.

A very fine grained dark yellowish green rock of massive appearance. The
minerals are orthopyroxene, olivine, secondary antigorite, and a few grains of a pale
brownish amphibole and ore. The antigorite, which makes up nearly half of the
rock, replaces olivine and orthopyroxene along cracks and partings. The olivine
shows 2V 90 approx. (i. e. 10—15 9/, Fa).

123 4
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c. Pyroxenites

19258. Hornblende-bearing bronzitite, Little Pyribolite, Gl. Lejrskar.

An almost fine grained dark brownish rock with a eu-granoblastic texture.
The minerals are bronzite (55 °/,), hornblende (38 °/,), diopside (2 °/,), olivine (1 °/,)
and ore (4°/,), (percentages only estimated). Bronzite (negative 2V nearly 90) is
somewhat pleochroic and forms granular grains set in a matrix of hornblende which
shows concave outlines against the former mineral. The hornblende is pleochroic
from pale yellowish brown to pale green. Diopside shows a more transparent bluish
green tinge.

Associated eclogitic rocks

About half a km north of Stjerness (central Tovqussap nuna), a
large ultrabasic body, which occurs in a layer of pyribolite, is cut into
two halves by a NW-striking fault. In the southern part of this occur-
rence an interesting profile can be studied, fig. 5. The yellow-green olivine-
bearing ultrabasite is seen here to underly a fine grained dark green
mafic rock, which in the field was designated diopsidfels. The two rocks
were obviously folded together. The fold axis shows the same orientation
as the axes measured in the surrounding rocks. Within the underlying
ultrabasite, a marked lineation is developed parallel to the fold axis.

=3 'DIOPSIDFELS' .. P8 PROFILE L o—

ABEY,

Fig. 5. Schematic profile through an ultrabasic body and associated eclogitic rocks.
The numbers show the location of the samples described.

Where the overlying diopsidfels has been folded down into the ultrabasic
mass as tightly squeezed synclines, the diopsidfels changes into an eclogi-
tic rock. This passage seems to be gradual. The narrow eclogitic synclines
could have been taken for dykes or veins, if the fold pattern had not been
recognised.

The greater part of the ultrabasic mass is made up of yellow-brown
to yellow-green olivinite. The microscopic characteristics of a sample
collected a few metres to the west of the profile of fig. 5 are as follows:

35841/2. Amphibole-olivinite. The minerals are olivine, which constitutes about
two thirds of the rock, and an almost colourless hornblende. The granular olivine
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shows a 2V 90 approx. (10—15 ¢/, Fa). The very pale grey to pale brownish grey
hornblende is nematoblastically developed and shows idioblastic basal sections. The
max. ext. angle reaches 32° and 2V is fairly large (—). No accessories were seen in
the slide, which, however, is traversed by thin antigorite-filled fissures.

Where bordering on the eclogitic rocks, the olivinite changes into a pyroxenite
of medium grain and green colour. This variety shows the following microscopical
features.

35843. Pyroxenitic border facies against eclogitic rock.

The granoblastic textured rock consists of enstatite, diopside and accessory
apatite. The enstatite is very faint brownish grey, shows a rather small 2V over Z
{= c), is opt. pos. and has a RI less than diopside. This latter mineral shows a mode-
rate 2V and is opt. neg. Apatite is found as rather large, usually rounded grains.

35841/1. Diopsidfels and eclogitic rocks (35842 and 35843).

The dark green, fine grained diopsidfels, which overlies the olivinitic mass,
consists, from a rough estimate, of 60 °/, diopside, 25 ¢/, orthopyroxene, 7 ?/, horn-
blende and 7 ¢/, plagioclase, besides which there are very small quantities of ore.
The texture is hemi-granoblastic. Diopside is faintly greyish green and a few grains
contain small ore grains in the central parts of the crystals. Judging from the mode-
rate 2V (—), the orthopyroxene seems to be a hypersthene. It is weakly pleochroic
from almost transparent to pinkish. The hornblende is pleochroic from yellow green
to rather deep brownish green. The plagioclase (approx. 45°f, An) occurs mainly
as small irregular interstitial grains and patches.

The paragenesis of this rock seems to indicate that it is alien to the olivinitic
rock described above, but that it may be genetically related to the pyribolites de-
scribed earlier under the basic division. The hypersthenic composition of the ortho-
pyroxene, the deep pleochroism of the hornblende and the presence of plagioclase
are all features which may support this idea. In consequence, the diopsidfels may
be classified as a hornblende-bearing melanocratic pyriclasite, which is directly
related to the surrounding pyribolite.

In the field, the eclogitic rocks stand out as narrow dyke-like bands with a
rather light colour on the weathered surface. Garnet and diopside are the two main
constituents. The colour of the garnet varies from deep red to yellow-brown, while
diopside usually is apple-greenish. In one specimen, the contact between “eclogite”
and pyroxenite is sharp, in another a gradual passage takes place within a few
centimetres. The garnet may be finely granular or form up to 2 cm large poikiloblasts.
The most yellow-brown garnet was found in a specimen which contains scattered
grains of interstitial clean calcite.

Under the microscope, the eclogitic rocks (35842 and 35843) are seen to
be composed of garnet, diopside, smaller quantities of an epidote mineral, sphene
and also apatite and ore. The larger diopside grains (2—3 mm) appear somewhat
corroded in shape whereas the smaller (1 mm) are hypidioblastic and may show
crystal faces. The garnet forms granular aggregates with a grain size just below 1 mm.
Rather large but irregular grains of sphene occur scattered throughout the slides.
They are pleochroic from pink to red-brown. Smaller irregular grains of epidote are
found in garnet or diopside. The diopside contains about 5—10 °/, hedenbergite
according to RI and 2V determinations most kindly carried out by Mr. H. MicHEEL-
SEN (ny = 1,678, ny = 1,696 {+ 0,001), 2V average 561/,° & 1Y/,).

Close to the border against the pyroxenite (sp. 35843}, a few small grains of plagio-
clase may also be seen and the epidote mineral becomes more abundant. In the
transition rock, enstatite is also found enclosed by the garnet aggregates, in addition

4*
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to diopside. Epidote is also found in the pyroxenite immediately bordering on the
eclogitic rock.

As long as the composition of the garnets in the eclogitic rocks has not been
determined, an exact classification of this rock cannot be made. It can only be said
that the field relations point towards a metamorphic origin of the rock and that,
in spite of its close association with the olivinitic rocks, it cannot be compared with
the eclogitic bands in the olivine rocks in Norway described by Eskosta (1921, pp.
51-—54). The eclogitic rocks from Tovqussaq, however, show great similarities to
some transformed amphibolitic inclusions of eclogitic appearance in peridotite, de-
scribed by H. SerenseN from Northern Norway (H. Serewsen, 1955 a, p. 93 and
1955 b).

E. Quartzites and calc-silicate rocks
Siliceous types

Pure quartzites are not known from Tovqussaq, but some calc-sili-
cate-bearing types, which generally carry disseminated ore minerals,
have been recorded. Mineralogically, these rocks are closely related to the
more pure calc-silicate or skarn rocks found.

The quartzitic rocks are generally interbanded with the pyribolite
and pyroxene-amphibolitic rocks described above.

18226. Calc-silicate-bearing quartzite, from a rust zone in the western part
of the Great Pyribolite, north coast Lange. Collected by H. SerENSEN.

A grey to greenish grey, fine grained rock with a rust coloured surface due to
weathering of disseminated pyrrhotite and pyrite. The minerals are quartz (very
predominant), garnet, diopside, scapolite, calcite, plagioclase, antigorite, phlogopite
and accessory apatite, zircon and ore. The rock shows an almost true Pldttung
texture with bands from a mm to half a em in size due to variations in texture and
composition. Quartz forms hemi-granoblastic layers, where the grains show sutured
contacts, and thin bands with elongated plate-like grains. Undulating extinction
is prominent. The remaining minerals form parallel seams. Aggregates of calcite are
seen to be replaced by phlogopite, garnet and diopside, and seemingly also scapolite.
The orange-brown garnets form irregular intergrowths with diopside, and may partly
rim this latter mineral or replace it along cracks. Occasionally a thin rim of garnet
surrounds scapolite in contact with calcite. In this case a narrow corona of antigorite
is found on garnet where adjacent to calcite. Antigorite is also seen to replace diopside
along cracks and in other places it may have been formed at the expense of phlogopite.
The diopside is bluish green and somewhat pleochroic. Schiller inclusions are promi-
nent. The plagioclase is a labradorite, which generally is replaced by scapolite. Dia-
blastic intergrowth between these two minerals may be seen. The scapolite shows a
fine (100) cleavage, which in many cases is parallel to the banding of the rock. Most
scapolite grains are very rich in tiny needle-shaped inclusions which are arranged
parallel to the cleavage. The centres of the grains contain these inclusions in so
great an amount that the scapolite becomes bluish grey. Zircon occurs in a few
rounded grains which are uniaxial positive; this makes it possible to distinguish
this brownish mineral from sphene.

19652. Siliceous calc-silicate with magnetite, west of Trehgje.

A dark greenish, fine to medium grained rock with foliation and a diffuse
banding. The texture is “gneissic” with irregular elongated magnetite grains, and
a less prominent preferred orientation of the diopside and quartz. The minerals are
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quartz, magnetite and diopside, (diopside and magnetite in nearly equal proportions
and together constituting just over half of the rock), plagioclase and scarce apatite.
Quartz shows undulating extinction. The diopside is transparent to faint greenish.
Zoning has been noticed, with a rather hedenbergitic core and a diopsidic rim (¢ A Z:
46° and 40° respectively). Plagioclase, with a refractive index well above quartz,
occurs in a few small grains and as narrow rims around the magnetite. A few small
rounded grains of a peculiar pale brown apatite may also be seen. They show a
refractive index below diopside and are uniaxial negative.

Calc-silicate and skarn rocks

Pure calc-silicate rocks are found 1) as individual layers, 2) associ-
ated with the pyribolites described above, and 3) as enclaves in the gneiss.
They consist of diopside, calcic plagioclase, garnet, scapolite and occasional
quartz. Relic calcite may also occur. The diopside is strongly coloured
in bluish green tinges and filled with schiller inclusions. The orange-brown
colour of the garnet and the paragenesis suggest that it is rich in Ca.
Where scapolite is primary, it is filled with tiny needles, as in sp. 18226
deseribed above. Diablastic reaction textures are prominent in some of
these rocks.

18221. Finely banded calc-silicate granofels, forming an independent
layer in the gneiss, northern Lange; collected by H. SerENsEN.

A finely banded, medium to fine grained greenish grey dark rock with a saccha-
roidal granoblastic texture. The grain size varies from layer to layer according to
the relative proportions of the dark and light minerals. The rock contains plagio-
clase {ca. 70 %/, An}, diopside, scapolite, and sphene together with apatite and ore.
Some bands consist almost exclusively of granoblastic diopside, others mainly of
plagioclase with small diopside grains in an almost reticulate arrangement. In one
particular layer a concentration of small rounded to irregular grains of sphene is
found. Bluish grey, inclusion-rich granular scapolite occurs side by side with plagio-
clase in one part of the section. The diopside is green to bluish green and filled with
schiller inclusions. The ¢ A Z varies from 44 to 48° and 2V from 60 to 64, which
correspond to a hedenbergite content of 70-—100 /.

The two samples described below originate from skarn enclaves in gneiss.

35858. Skarn enclave in gneiss, NE of Enehgj.

A medium to fine grained rock consisting of plagioclase, garnet, diopside,
scapolite and quartz {the latter mineral is only seen in the handspecimen). Garnet
and plagioclase form a diablastic intergrowth where the garnet possibly is poikilo-
blastic. The well twinned basic plagioclase (about An 70 ?/;) is granular and seems
to have formed by granulation of former larger grains, as neighbouring grains in
some areas show almost similar orientation. The garnet is red-brown in section and
the diopside is pleochroic from yellow-green to bluish green. This strongly coloured
diopside contains also fine schiller inclusions. Diopside and scapolite seem to bhe
associated and do not enter the diablastic intergrowth illustrated by the plagioclase
and the garnet. The scapolite contains plenty of tiny inclusions which seemingly
cause its grey colour.

In the hand specimen, the quartz is seen to be associated with the dark co-
loured diopside.
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35832. Skarn lens in gneiss, south of Great Pyribolite, east coast of Qagssiarssuk.

The large handspecimen shows a medium to very coarse grained rock, which
contains dark bluish grey plagioclase, deep red-brown garnet, dark green diopside,
clear quartz, relic rather dark grey calcite and greasy green scapolite. Quartz, garnet,
diopside and scapolite seem associated with the relic calcite. In thin section the
texture is seen to be hemi-granoblastic to diablastic. The plagioclase is a bytownite
(ca. An 80 °/,), which is partly scapolitised. Scapolite also forms independent saccha-
roidal grains, which are clear and free of inclusions. The garnet is yellow to orange-
brown, while diopside is bluish green and faintly pleochroic. Quartz occurs in rather
large somewhat amoeboid grains with undulate extinction. Where adjacent to
scapolite, the quartz is fringed by a thin rim of garnet or diopside. The garnet shows
sieve texture where replacing plagioclase.

F. Various schists

Biotite-pyriclasite schists and their derivates

Among the various schistose rocks found, a particular type, pyricla-
sitic schist, deserves a more detailed description. These pyriclasitic rocks
generally contain some biotite besides diopside, plagioclase and hypers-
thene. It is mainly the biotite which causes the schistosity.

This rock type is found as enclaves in gneiss and granulite. In the
latter mode of occurrence, the pyriclasites seem to have been enriched
in Mg, as may be inferred from the appearance of cummingtonite and
cordierite.

Below, a pyriclasite enclosed in a gneiss which also carries enclaves
of gabbro-anorthosite, will first be described. Then follows a description
of the cummingtonite- and cordierite-bearing types found within the
granulite on Lange. These rock types were not mappable on a scale of
1:20.000, but they are indicated on the detailed map of Lange, fig. 12.

35845. Diopside-rich schist.

A dark greenish brown schistose rock of medium grain and with lenticles and
patches of larger grain and less preferred orientation. The minerals are diopside
{about half of the rock), plagioclase, biotite, hypersthene and accessory apatite. Apart
from the biotite, which is generally lepidoblastic, and the apatite all the remaining
minerals form a diablastic texture. The yellowish to red-brown biotite also enters
this texture to some extent, since in places it shows lobate outlines against the
pyroxenes. If is then associated with plagioclase, both minerals together forming
“pseudopodian protrusions”. The plagioclase is a calcic andesine (about 45 9/, An).
Diopside is faint greenish to transparent; the hypersthene is faint pinkish. Apatite
forms relatively large rounded grains.

35817. Cummingtonite-cordierite-bearing schist, Sydtangen, Lange.

A rather light coloured greenish grey rock which is medium to almost coarse
grained and which exhibits an irregular schistosity. The minerals are labradorite,
diopside, hypersthene, cummingtonite, quartz, biotite and cordierite plus accessory
garnet and apatite. The texture is lepidoblastic to poikiloblastic. The plagioclase
forms well twinned grains which may be somewhat antiperthitic, but the presumed
potash feldspar is very hard to distinguish from very small myrmekitic quartz
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“worms”. Quartz occurs in a few larger, elongated grains, as more granular grains,
and in myrmekitic intergrowth with plagioclase. Even the larger grains show irregular
outlines and give off small pseudopodiae which invade the plagioclase. It is easily
imagined that bleb- or worm-like grains of quartz in plagioclase originate from such
“oftshoots’ from below or above the plane of the section. On the whole, the impression
is given that quartz is replacing plagioclase. The faintly brownish pink hypersthene
forms larger, irregular and corroded grains, which show thin exolution lamellae.
It is rimmed by xenoblastic to poikiloblastic diopside or replaced by cummingtonite.
This latter mineral is faintly pleochroic in yellowish brown tinges, shows a 2V ap-
proaching 90 and is optically positive. Schiller structure and relic cross fractures may
be seen in the cummingtonite formed from hypersthene. The lepidoblastic biotite
is pleochroic from yellowish to orange-brown. Cordierite shows penetration twins.
The garnet is colourless.

35661. Cummingtonite-cordierite-bearing schist, south of Granulitse, north-
ern Langg. .

A very similar, but more lineated and schistose rock consisting of labradorite,
biotite, hypersthene, diopside, cummingtonite, quartz, cordierite, a little scapolite
and accessory zircon. The quartz shows the same myrmekitic intergrowth with
plagioclase as in 35817, and the mafic minerals correspond closely to those described
above. Scapolite forms individual granular grains.

Garnet- and/or hypersthene-bearing biotite schists

On Lange some relics of biotite schists which may carry garnet and/or
hypersthene are found (see map, fig. 12). As will be seen from the follow-
ing descriptions these rocks reveal some interesting micro-tectonic
features.

37097. Hypersthene-biotite—plagioclase schist (collected by H.RamBERG),
Sydilangen, Langg.

In the slide irregular porphyroblasts (1 cm) of hypersthene are seen in addition
to plagioclase (ca. 30 %/, An), biotite, and accessory zircon. The texture is dominated
by the incipient cataclasis, by which all the minerals are affected. The large hyper-
sthene grains are broken up and show irregular extinction. Plagioclase shows bent
Ltwin lamellae and mortar textured or sutured grain borders. Large biotite flakes
form aggregates with irregular extinction. The zircon is found in the hypersthene
and the biotite.

35818. Garnet-biotite schist with black hypersthene, Sydtangen, Lange.

A dark coloured schist with light, thin quartzo—feldspathic veins. Porphyroblasts
{from half to 1 cm) of deep red garnet and black hypersthene are seen in the hand-
specimen. Under the microscope the section is seen to comprise one part consisting
of biotite and garnet and another quartzo-feldspathic with hypersthene and biotite.
Accessory zircon is found in both parts.

In the schistose biotite-rich part, contorted and bent lepidoblasts of a faint
yellowish to deeper brown biotite form the “groundmass” in which somewhat cata-
clased porphyroblasts of pinkish grey garnet are set. The biotite is strained except
for some small idioblasts which have grown within ‘competent’ grains of garnet.

In the quartzo-feldspathic part of the section, large grains of a highly pleochroic
hypersthene are seen. Its colour changes from intense pink to somewhat bluish green.
Although the thin slide is slightly thicker than normal, this type of pleochroism can
be said to be unique among the hypersthenes so far seen in the Tovqussaq rocks.
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The same applies to its black colour in the handspecimen. The hypersthene has
formerly formed larger grains, which now are broken up and separated by seams
of biotite. Almost biotitised relics are also found in the smeared-out biotite ag-
gregates. Quartz shows undulating extinction and the plagioclase highly contorted
twin lamellae. Felty seams of saussurite may separate the plagioclase grains. Biotite
with irregular extinction also occurs between the grains of the felsic minerals. The
refractive indices of the plagioclase are equal to or slightly larger than that of
the quartz, suggesting an An content of about 40 ¢/,.

85816. Partly gneissified mica schist, Sydtangen, Lange.

A foliated to schistose, medium to coarse grained biotite-rich rock with turbid
greenish feldspar and transparent blue quartz. The thin section is cut from a feldspar-
rich part of the rock and shows plagioclase (antiperthitic oligoclase), quartz and a
yellow to brown biotite. The texture is hemi-granoblastic in the quartzo-feldspathic
parts while lepidoblastic where biotite predominates. The rock is slightly cataclased
with incipient saussuritisation of the feldspar and quartz showing undulating extinc-
tion. A few grains of interstitial calcite were noticed.

In the extreme northeastern part of the Tovqussaq peninsula, there
oceurs a mappable layer of garnet-bearing biotite schists which occasion-
ally carries sillimanite. Such Al-rich rocks are otherwise rare in Tov-
qussaq. Some of the garnet-biotite bearing rocks can be proved to have
been formed by retrograde metamorphism of the pyribolite (cf. sp. 13418
described under the basic division). Most unfortunately, the sample
collected from the proper garnet-bearing schists east of Kangerdlugssuit
cannot be said to be typical since it is veined by quartzo-feldspathic
material and carries hypersthene and not sillimanite. Recalling that the
field determination of the sillimanite is beyond any doubt, the author
presents the following description of the hypersthene-bearing variety
collected.

19283. Garnet-biotite schist, east of Kangerdlugssuit, south coast Eqaluk.

When weathered, a strongly stained, medium grained schistose rock with rust-
brown colours. The texture is hemi-granoblastic with bands or seams rich in lepido-
blastic biotite and others with elongated, slightly amoeboid quartz grains with
prominent undulating extinction. The contorted biotite and the occasional bent
twin lamellae in the plagioclase also indicate a postcrystalline deformation. The
minerals are sodic andesine (ca. 30—35 ¢/, An), quartz, biotite, garnet, a few relics
of hypersthene, accessory zircon and ore. The biotite is pleochroic from yellowish
to dark red-brown and may contain rounded small grains of zircon surrounded by
pleochroic rims. Zircon also occurs enclosed by quartz, feldspar or garnet. The garnet
is pale pinkish under the microscope and shows idioblastic (in the smaller grains)
to almost poikiloblastic development. The garnet seems to be older than the de-
formation which influenced the biotite. The hypersthene is strongly pleochroic from
greenish to pink and is found in a few relic grains, which are replaced by a more
yellow to olive biotite along cracks and cleavages.



[V. DESCRIPTION TO THE GEOLOGICAL MAP

Morphology

Tovqussap nuné is situated in the southern part of the Sukkertoppen
district, West Greenland (see key map fig. 1). It forms a peninsula (ca.
15 x 9 km), which to the north is bordered by the Eqaluk fjord and to
the south and south-east by the Angmagssivik-Sangmissoq fjord. On the
west coast, which faces the Davis Strait, a natural harbour, Inderhavnen,
is found on the lee side of Hestenmesset and Lange. South of Inderhavnen,
a broad deep bay, Qaersup ilua, is found. A narrow and crooked fjord,
Pakitsoq, has been cut into the country south of Qaersup ilua. On the
south coast of the Tovqussaq peninsula, a Greenlandic settlement,
Atangmik, is situated. In 1948 a fishing station was established at Langs.
In 1954 it was rebuilt into a whaling station, which, however, was aban-
doned in 1959.

Tovqussaq is really the name of a 524 m high mountain north of
Qaersup ilua, fig. 6. Due to its characteristic form (a broad dome with a
small summit cone) it serves as an important landmark for sailors. The
northern part of Tovqussap nund (which means the Tovqussaq-country)
is formed by rather high (400—550 m) mountains and belongs mor-
phologically to the highland north of the Eqaluk fjord. The mountains
in northern Tovqussap nuné are usually smooth and rounded and often
dome-shaped. A similar morphological development has also been found
within certain areas of the northern Sukkertoppen district. Rather deep-
cut and steep-sided valleys separate the more softly sculptured mountains.
This feature explains why the northern part of Tovqussap nund, parti-
cularly when seen from the sea, appears as an important highland in
spite of its moderate altitudes.

Morphologically, the southern part of Tovqussap nuné belongs to
a ‘strandflat’ which is typically developed further to the south, in the
archipelago of outer Fiskefjord and along the west coast of Nord-
landet, fig. 6.

The region between Atangmik and the Péakitsoq fjord is character-
ised by relatively low hills (100—150 m) separated by mainly NW-
trending often swampy valleys. The low hills and ridges usually show a
very steep SW flank (lee side during the glaciation) and more gently
sloping NE faces.
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Fig. 6. View towards south and south-east from the 250 m hill south of Sorthat.
To the left, the Tovqussaq Mt. with its characteristic summit cone. The land south
of Qaersup ilua is seen to form the northern extension of the lowland of Nordlandet
(Photo: GGU, A.B.).

Nearly all valleys of the Tovqussaq peninsula are fault-controlled.
Thus in the northern part, two NE-striking faults have given rise to two
important systems of valleys, the Ankerbugtdal-Lejrsa-Breddal and the
Gammel Lejrskar-Stjerneso-Krebsess systems, which both have served
as convenient approaches. Irdalen and the Pakitsoqgelv valley are strike
valleys.

Lakes are quite numerous, but never very large.

The mountains of Tovqussap nuné are generally brownish in colour,
which is only partly caused by the rock colours, since these are often
subdued by a partial, superficial cover of brown and black lichens. Along
the coasts, on the west-facing slopes, and above an altitude of about
200 m, the rocks are generally exceedingly well exposed.

From the end of September to the beginning of June, the country
is normally so snow covered that field work is rendered impossible. In
some years the ice on the highest lakes does not break up before late in
July or the beginning of August.

In order to systematise the description of the geological map, this
has been divided into several litho-structural units, which in turn build
up the various macro-structures; the latter will be dealt with later on.
The litho-structural units comprise the layers and successions established
from the mapping.

The description starts within the central parts of the Tovqussaq
dome, which has been described already (BertuieLsen, 1950), and is
gradually extended to the remaining parts of the peninsula.

The core rocks of the Tovqussaq dome

The central part of the Tovqussaq dome structure (BERTHELSEN,
1950) is made up of a rather homogeneous ‘core rock’ of greenish brown
to purple colour and mainly quartz-dioritic composition. This rock passes
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gradually into the pink to light coloured, granodioritic to granitic types,
which separate the ‘core rock’ from the enclosing pyribolite layer, the
Interior Pyribolite. The poverty of structures within the ‘core rock’ is
obviously due to an advanced homogenisation. This may be observed in
the field from the occurrence of more or less nebulitic structures which
are preserved as relics in certain places. When seen under favourable
light a large scale banding, conformable to the dome structure indicated
by the Interior Pyribolite, may also be observed in the mountains north
of the deep bay, Qaersup ilua, which has been eroded out in the dome
core. On a much smaller scale, the same orientation is shown by traces
of an old foliation and, just west of Navlen, by a narrow band of rusty
biotite-rich schist (traced over more than 30 m). This band, as well as
the foliation, are folded. Within the rather leucocratic core rock, the old
foliation has in places been thrown into shear folds. Due to the low plunge
of the axes in these shear folds, the outcrop pattern shows very “spitz-
winklige Falten”. The formation of the microcline-bearing rocks, which
surround the central dome core like an onion shell, is most probably
related to this shear folding. The following observations support this
assumption: 1) microcline schlieren show rodding or lineation parallel
to the axes of these shear folds on the small point south of Qaersup ilua,
2) in other places, the granitisation is seen to have out lasted the shear
movements and the microclinisation proceeds along irregular mutually
intersecting planes. Undeformed biotite-microcline-bearing pegmatites
may also be found. On the mentioned point, south of Qaersup ilua, it
may also be seen that the granodioritic or granitic types are developed
by granitisation of quartz-dioritic types which latter are here found as
small relic areas within the pink microclinised rocks.

The shearing seems to have involved preferentially the peripheral
parts of the core rock.

Thus it is possible, within the scale of an outcrop, to trace the same
phases of movement and transformations as were observed on a micro-
scopic scale. The transition from the pyroxene-bearing core rock (13417,
A) into the biotite-hearing purple granofels (13417, B) was characterised
by a change towards more amoeboid textures, which seem to indicate
that the recrystallisation was accompanied by only feeble intergranular
movements. In the samples from the outer part of the dome core (35820
and 35821) the shear folding of the old foliation could be traced within
the finer-grained bands. The post-tectonic reconstitution of the biotite
was pointed out as well as the introduction of potash feldspar.

A characteristic section within the northern part of the dome core,
beginning at the Interior Pyribolite on the NW coast of Qaersup ilua
will now be described. Here the Interior Pyribolite is well banded and
may contain smaller ultrabasic or calc-silicate inclusions and lenticles.
It shows a gradual passage into the light coloured core rock. The dioritic
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Fig. 7. Banded granitic gneisses of the core layer north of Qaersup ilua (Photo:
GGU, A.B.).

transition zone is about one metre broad and contains up to half a metre
large ultrabasic inclusions. The dioritic transition zone, therefore, has
possibly been formed at the expense of the amphibolite. Within a distance
of about 100 metres from this contact, the core rock is rich in microcline
and may be crossed by irregular pink veins and zones of impregnation.
Finely banded types are also met with (fig. 7), and nebulitic light shear
folding was noticed in other places (fig. 8). Further east, the pinkish
rocks pass gradually into the purple granofelses or gneisses, which locally
contain greenish brown areas with relic pyroxene.

Apart from biotitised amphibolite bands and a few (up to 4m
broad) lenticles of ultrabasic rocks, no other foreign rock types have been
met with in the dome core.

The Interior Pyribolite

This pyribolite circumscribes the core of the Tovqussaq dome. As
mentioned above, it is banded and contains ultrabasic inclusions where
seen in the coastal section NW of Qaersup ilua. The purple gneiss of the
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Fig. 8. Shear folds in the core rocks of the Tovqussaq dome, north coast of Qaersup
ilua (Photo: GGU, A.B.).

western Frame Layer passes into a hypersthene-bearing gneiss with
abundant pyribolite inclusions of elongated shape close to the basic
layer. Further to the north, the Interior Pyribolite thickens due to
intense folding on a mesoscopic scale. The folds are open drag folds with
NNW plunging axes and eastern ‘Vergenz’. In the turn-round (northern
hinge zone of the dome) the well banded pyribolite is folded around rather
steep NNE plunging axes, causing the strike to change rapidly to E—W.
On the NW-facing slopes to the east, it can be seen how the dip decreases
with increasing altitude. A prominent rust zone, with intense orange to
yellow colours on the weathered surfaces, is also seen here. The ore con-
tent is only small. The widening out of the pyribolite on the 200 m spur
is determined principally by the low dip. The layer forms here the upper
edge of a steep escarpment. Small folds are commonly encountered. They
all seem to be drag folds with more or less NE-plunging axes. The direc-
tion of relative tectonic transport?) is towards SE on a mesoscopic scale.
Following the pyribolite further to the SE, it can be observed that the

1) Relative tectonic transport in this paper always refers to the direction of
movement shown by the upper layers relative to the lower.
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axial plunge swings into E and ESE. The mesoscopic folds become almost
isoclinal and indicate now a relative tectonic transport towards S and
SSW. Similar small folds may even be observed along the coast within
the core rocks underlying the pyribolite, which here consists of two layers
separated by a narrow gneiss band. Conformable ultrabasic bands may
also be noticed in the pyribolite. The lowermost pyribolite layer can be
followed NW-wards into the above mentioned escarpment south of the
200 m spur, but it then dies out within the strongly granitised core
rocks.

South of Qaersup ilua, the Interior Pyribolite reappears on the north-
ern slopes of Akuliaruserssuaq. To the west, it is strongly folded around
SSE plunging axes. Further to the east it becomes partly gneissified and
changes into a banded amphibolitic rock.

The Frame Layer of the Tovqussaq dome

The thick succession of more or less banded gneisses and various
other rocks which outcrops between the Interior Pyribolite and the Little
Pyribolite of the Tovqussaq dome has been given the name ‘“‘the Frame
Layer.” It is composed mainly of quartz-dioritic gneisses which display
all transitions between common hypersthene-bearing (4029, C and A,
19246, 19243) to purple biotite-bearing types, but light coloured biotite
gneisses (4010, A) may also be developed. Garnets have been found
locally within all three gneiss types (e.g. 4027). The Frame Layer gneisses
are commonly mixed or migmatitic and contain in certain zones abundant
basic material as boudins, enclaves, schlieren or bands, which may be in
all stages of gneissification. Agmatitic structures are also developed in
some horizons, but have only been indicated on the lithological map
where very prominent. The basic material comprises mainly pyribolite
(4029, B) and its derivates, but boudins and inclusions of gabbro-anortho-
sitic rocks (19245) occur as well and are in fact characteristic for this
lithological unit.

On the broad point between Qaersup ilua and Inderhavnen, a pyri-
bolitic band is found on the west coast (partly under water). It is separated
from the eastern hypersthene gneiss by a narrow layer of purple gneiss.
Further east a broader purple gneiss layer occurs. It passes into a bio-
tite-hypersthene gneiss with thin concordant basic bands and schlieren
which show a prominent drag folding. The relative tectonic transport
indicated by these folds and by a row of rotated pyribolite boudins is
similar to that deduced from the folds in the Interior Pyribolite close by
(see above).

North of the hinge zone of the Interior Pyribolite, purple to light
coloured gneisses with partly biotitised amphibolitic bands and inclusions
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are found. Small folds with steeply NNW-plunging axes are common
around the remains of some barracks. Boudins of ultrabasite (horn-
blende-hypersthene-diopside rock) with a slight clockwise rotation have
also been noticed within the purple gneiss. The light coloured gneiss
immediately NW of the pyribolite contains amphibolitic bands, streaks
and inclusions and has obviously been developed from a rock similar
to the hypersthene gneiss rich in basic material further to the south.
Eastwards the light coloured gneiss becomes more homogeneous and
exhibits a prominent sheeting. Towards the SE it passes gradually into
the purple gneiss which here overlies the Interior Pyribolite. This purple
gneiss occasionally contains gabbro-anorthositic boudins and elongated
inclusions, which show a flaser-like foliation.

The purple gneiss layer may also be traced south of Qaersup ilua,
here again being separated from the Interior Pyribolite by a layer of
hypersthene gneiss (in part dioritic) rich in basic bands and schlieren.
The southern parts of Akuliaruserssuaq are wholly built up of the Frame
Layer. South of the purple gneiss layer, a fairly well banded mainly
hypersthene gneiss follows. It contains up to half a metre thick agmatised
bands of more basic material—largely amphibolitic. It is succeeded by
a better banded still hypersthene-bearing gneiss with occasional gabbro-
anorthositic inclusions. Along the south coast of the peninsula, a slightly
banded and generally smallfolded rock is found. North of Sarfaq silardleq
partly digested amphibolitic inclusions show recumbent small folds,
which indicate a relative tectonic transport towards east, the axes
plunging to S. On the eastern shore of the peninsula, an opposite direc-
tion of relative transport can be deduced from folds with an amplitude
of more than one metre. Gabbro-anorthositic inclusions are not uncom-
mon along this coast. On the north coast of Pékitsoq, a purple gneiss
layer is seen to the east of the smallfolded gneiss. It is separated from the
Little Pyribolite by a less broad layer of hypersthene gneiss.

North of Krumryggen and around the Tovqussaq Mt. (524 m) the
Frame Layer shows a more complex development and the subdivision
mto different gneiss layers, which could be carried out in the southern
area, is not practicable here. The gneisses are generally very mixed and
often agmatitic so strike and dip readings are difficult to obtain or have
to be taken from the general orientation over larger areas. The gneiss
which encloses the more basic inclusions has often developed a more
pegmatitic facies. Between Gammel Lejrskar and Ankerbugtelven the
Frame Layer has been exposed to a strong granitisation with the formation
of more homogeneous light coloured biotite gneisses. In places the micro-
clinisation is seen to be a rather late event, since it has followed existing,
mutually intersecting fractures. Pink microcline-bearing pegmatites may
also be developed (4010, B).
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The Little Pyribolite

This pyribolite layer separates the Frame Layer from the 1st
Intermediate Layer throughout the Tovqussaq dome structure. It has
been traced from Ankerbugten north of the Tovqussaq Mt. to Pékitsoq
and Jrenzes, the remaining part of its course being covered by the sea.
North of Ankerbugten, where outeropping within a faulted wedge, it is
folded around a nearly vertical axis. In the section at Gammel Lejrskar,
it is seen to enclose metre broad ultrabasic lenticles (19258). ESE of the
Tovqussaq Mt. the Little Pyribolite causes a local but strong magnetic
disturbance, but no magnetic minerals could be found in the outcrops.
The dioritic dyke close by (to be described separately later on) does not
exhibit a similar disturbing effect, and it must be assumed that the pyri-
bolite contains some hidden magnetic bands (compare page 104). SE of
the Tovqussaq Mt., saxonitic inclusions (19263) are found in the pyrni-
bolite.

On Orenas, the structural relations are highly complicated, but
apart from a local replacement to form diorite on the NE point of the
said peninsula, the Little Pyribolite seems normally developed.

The 1st Intermediate Layer

The 1st Intermediate Layer also forms part of the Tovqussaq dome.
It has been traced from Ankerbugten over the northern flank of the
Tovqussaq Mt. to Pakitsoq and the root of Urenees. Like the Little Pyri-
bolite, its remaining extension passes below the sea, through Sarfaq
silardleq, around Akuliaruserssuaq, east of Lange to Inderhavnen. Along
its periphery, the 1st Intermediate Layer is bordered by the Great Pyri-
bolite, which also circumsecribes the dome structure, and which, due to
its occurrence along the east coast of Lange, allows one to reconstruct the
course of the inner layer as outlined above. The 1st Intermediate layer,
like the 2nd, is generally developed as a light coloured biotite gneiss,
(4075, 19302) with local transitions into purplish types (4018). Its contacts
with the enclosing pyribolites are sharp and considerable movement seems
to have occurred along the contact planes. At Gammel Lejrskar, a purple
facies, with foliated quartz, borders the Great Pyribolite. This “Ein-
regelung” of the quartz would appear to correspond to the shear move-
ments mentioned in the description of sample 4075, where an older plicated
foliation and younger movements accompanied by an important recrystal-
lisation could be discerned. The sample from the light biotite gneiss south
of Urenzes (19302) supplied information on a very similar recrystallisation.
- The accompanying deformation can be directly matched here with shear
parallel to the contact of the gneiss layer, since it has given rise to a
mesoscopically visible flaser-like splitting up and joining.
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The Great Pyribolite

This thick layer of pyribolite circumscribes the Tovqussaq dome
with a nearly ideal oval outcrop pattern. The pyribolite (4048, 19247,
19299, 13431) contains intercalations of pyroxene diorite, thin calc-
silicate-bearing quartzitic layers (18226) and abundant ultrabasic in-
clusions of all sizes (and sometimes also thin conformable ultrabasic
bands). The pyribolite itself may be banded or quite homogeneous. Cale-
silicate schlieren, pockets and bands are not uncommon and have been
found in places to contain calcite. In other words, we are concerned more
with a pyribolitic ““series” than a layer.

Although these intercalations have not been mapped continuously,
the available information seems to indicate that the dioritic layers, for
example, have a very wide cxtension within the part of the Great Pyri-
bolite layer exposed around the dome. Along the outer periphery (in
relation to the dome) a characteristic diorite layer with elongated in-
clusions of basic and ultrabasic rocks has been found within the Great
Pyribolite 1) on the east coast of Langs, 2) west of Ankerbugten, and
3) in the section in Gammel Lejrskar; it was not observed on the north
coast of Pakitsoq nor south of Qrenzs. In this eastern and southern area,
however, a dioritic layer has been found close to the innermost contact
of the Great Pyribolite. The distribution of the rust-zones seems much
more irregular and less persistent. As regards the ultrabasics the observed
material is unfortunately too scarce to allow any detailed description of
their distribution throughout the Great Pyribolite to be made. In places,
as for example on the eastern slopes of Ankerbugtdalen, a row of inclu-
sions of ultrabasites is seen close to the southern contact of the 1st Inter-
mediate Layer, but a little further to the west (west of Ankerbugtelven)
large peridotitic lenses (19311) are more irregularly distributed due to
strong folding of the pyribolite around axes with a moderate westerly
plunge. The amplitude of the folds is around 100 m. In the cliffs on the
west coast of Ankerbugten, more regularly arranged ultrabasic bodies
are found again.

Where the Great Pyribolite reoccurs on the north-east coast of
Lange, it contains conformable bands (1 m thick approx.) of hornblende-
bearing bronzitite. This locality has been described by H. SGRENSEN in
connection with his study of the ultrabasic rocks of Langs (H. SeREN-
SEN, 1953). Since then, the present author has had an opportunity to
revisit the locality and carry out a more detailed study of the field rela-
tions of these ultrabasic rocks. H. SgrenseEn (1953, p. 8) mentions that
the ultrabasic bands can be followed for some 50 metres, but then die
out — passing into normal looking amphibolite (now termed pyribolite).
However the re-examination brought out that the apparent wedge shape

123 5
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Fig. 9. Sketch map showing isoclinally folded bands and layers of ultrabasic rocks
in the Great Pyribolite, north-east coast, Lange.

of the ultrabasic bands is caused by their being folded with the enclosing
rocks into tightly compressed isoclinal structures. The hornblende
bronzitites and the banded pyribolite with its cale-silicate intercalations
all show a remarkable conformity and even very narrow bands may be
traced through the fold structures, figs. 9 and 10. The ultrabasic bands
show a certain tendency to thicken in the hinge zones and to become
thinner or disappear on the sheared flanks (fig. 10). Still more convincing
examples of these features will be described on a later page. It may also
be noted that the ultrabasic rock in one place (fig. 9) seems to have been
more competent than the pyribolite, while at a nearby locality, a syn-
formal core of pyribolite surrounded by ultrabasite shows an initial break-
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Fig. 10. Sketch map of isoclinal folds in the Great Pyribolite just north of the
locality pictured in fig. 9.

ing up into boudins (fig. 10). Small differences in texture or composition
may explain this change in relative competence in different parts of
seemingly contemporary structures.

Within the banded pyribolite conformable thin pyroxene-plagio-
clase-bearing pegmatites are not uncommon. Basic segregation pegmatites
may also be found in places (fig. 9). Along the east coast of northern
Lange, thin cross-cutting biotite-microcline-bearing pegmatites with a
steep SSW dip and slickensided contacts are abundant. Close to a small
fault, a larger light coloured pegmatite was also seen (fig. 9.) This pegma-
tite is remarkable since it contains displaced inclusions of the enclosing
rocks.

5%
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The 2nd Intermediate Layer

The 2nd Intermediate Layer comprises the rocks enclosed between
the Great Pyribolite and the Pas Pyribolite. On Lange and north of
Qaersup ilua, this division is obvious, while in the southern part of the
Tovqussaq dome, the structural relations are more complicated.

In the northern part of the dome, which here is overturned to the
north, the 2nd Intermediate Layer is developed mainly as a light coloured
biotite gneiss of very uniform appearance (4020, 4041). It encloses a few
conformable layers of pyribolite. Around the Ankerbugtdal, some
remarkable hinge zones have been mapped out within these basic layers.
The axes plunge gently to the east. The northernmost largest hinge zone
is cut and displaced by the Ankerbugtdal fault in such a manner that it
is exposed now on both sides of the fault. The southernmost hinge zone
is seemingly less disturbed by the fault. As mentioned by the author
(BERTHELSEN, 1950), the light coloured biotite gneiss exhibits a very
prominent sheeting in this area. The individual sheets are usually from
one to over 2 m thick. The joints dip slightly towards the central parts
of the gneiss layer, steepening somewhat towards the contacts with the
enclosing thick pyribolite layers. A similar sheeting has also been ob-
served north-east of Krumryggen. Further south, the western half of the
2nd Intermediate Layer is developed as a gneissose diorite, while the
eastern part retains its granodioritic to granitic composition.

On the western flank of the dome, south of Kolbesg and on Langg,
the 2nd Intermediate Layer shows a less uniform development. Inter-
calations of pyribolite and calc-silicate rocks are found, and on Lange
the light coloured gneiss in places gives way to granulite s.s. The region
south of Kolbesg is rather poorly exposed. Detailed mapping (fig. 11)
has shown, however, that the bordering thick pyribolite layers can be
traced continuously south to the coast of Inderhavnen. The intervening
gneiss layer contains abundant amphibolitic and pyribolitic bands and
carries occasional ultrabasic inclusions. All transitions from hypersthene-
bearing via purple to light coloured gneisses are met with. The poverty
of outcrops and the many cross-cutting faults make mapping of the minor
basic bands impossible.

On Langg, which was mapped also on a scale of about 1 : 4.000, the
better exposed intercalations within the 2nd Intermediate Layer can be
traced for considerable distances (fig. 12). Here they comprise thin layers
of pyribolite, pyroxene amphibolite, calc-silicate rocks and mica-schits.
The enclosing gneiss is in part developed as granulite s.s. (4037, 19140,
19264), but purple gneiss, with transitions into either hypersthene-bearing
(18219) or banded, pink to light coloured biotite-bearing types (19136),
forms the major part of the main layer. North of Nordnoret, these tran-
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Fig. 11. Detailed geological map of the Hestenses-Kolbeso area.
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Fig. 13. Partly migmatised garnet-biotite schists, Sydtangen, Lange (Photo:
GGU, A.B.).

sitions have also been noticed taking place along the strike direction. The
granulite shows a similar transgressive development in relation to the
strike, although it occurs mainly within a zone east of the many thin
pyribolitic layers which extend from Sydtangen to the eastern shores of
Vandseen. North-east of this lake these layers pass into a hinge zone.
Taking the universal SSE to SE plunging axes of Lange into account,
this would mean that the pyribolitic intercalations occupy an isoclinal
synform. Although this structure is not very apparent from the map,
its existence has been proved in the field by observations on the small
folds. These also bring out that the granulite east of the said structure
should correspond to the rather homogeneous purple gneisses south of
Vandseen.

The structural relations on Northern Lange are seemingly still more
complicated. The granulite, which is well developed south of Granulit-
sgen, is succeeded by hypersthene gneiss to the north of the lake due to the
interfolding of these two rocks. A similar synformal structure was observed
in a disrupted band of calc-silicates, which has been traced west and
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Fig. 14. Boudins of smallfolded calc-silicate rocks, north of Nordnor, Lange.

north of Granulitse, and which seemingly reoccurs east of the granulite
on the northern shore of Nordnoret. When due regard is taken of dis-
placement caused by later faulting, the present synform at Granulitse
can be directly matched with the isoclinal synform shown by the pyri-
bolite bands north-east of Vandseen. The irregular border of the granulite
south-east of Granulitseen is most probably due to a later refolding of the
isoclinal fold. These considerations lead us finally to the conclusion that
the dioritic rocks (19141, 19145) around Nordnoret occupy an antiform.

Amongst the various rock types found on Lange, a few deserve
special mention here. On Sydtangen, a narrow layer of hypersthene-
garnet-bearing biotite schist (37097, 35818, 35816) occurs within the
granulite, fig. 13. In places it may be seen how the schist, traced along
its foliation, passes into granulite. Rows of garnet indicate the con-
tinuation of the schist-foliae. The granulite also contains boudins of
pyriclasitic schists, which may be altered into cummingtonite-cordierite-
bearing schists (35817, 35661). The boudins, which are about 1 m long,
show structures indicative of internal movements within the disrupted
layer. Very similar boudinage structure has been described by K. Cor
(1959) from some siltstones in West Cork, Ireland.

Although, as described above, the granulite may be seen in places
to have been developed by granitisation of mica schists, its origin is far
from simple. In other places, garnets have been formed in otherwise
normal purple gneisses and even within a dioritic dyke, where this latter
cuts the granulite.
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Fig. 15. Basic inclusions in hypersthene gneiss, north-eastern Lange (Photo:
GGU, A.B.).

Another rock type which is typically developed on Lange is the
banded calc-silicate (18221). This is indicated with the same symbol
as the pyribolite, but has in addition been marked with an S on the map
fig. 12. These rocks are finely banded and occur either as smallfolded
layers or as boudins within gneiss or granulite. North of Nordnoret, the
westernmost is strongly smallfolded. The axes of these folds show a SE
plunge similar to that observed in the surrounding rocks. South of Nord-
noret the same layer has been traced right to the coast east of Strandse.
The easternmost layer on the map fig. 12 forms boudins, which, however,
show internal smallfolding. As may be seen from fig. 14 this folding is
obviously older than the formation of the boudinage structures. In a
thinner band of calc-silicate which is found about one metre further to
the east an initial stage in the formation of the boudins can be observed.
The smallfolding is here so well preserved that its origin as drag folding
can be ascertained. The axes are again parallel to those found in the
enclosing rocks. These sketches present definite evidence for the inter-
pretation previously given by the author for this particular structure
(BERTHELSEN, 1957, p. 180 and fig. 6). The petrographic study has left
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Fig. 16. Basic inclusions in hypersthene gneiss, eastern Lange (Photo: GGU, A.B.).

little doubt that here we are dealing with high grade calc-silicate rocks
of sedimentary origin. From the field-observations, we can say with
certainty that at an early stage of the metamorphic evolution the original
sediment behaved as an incompetent layer and was thrown into drag
folds. At a subsequent stage in the metamorphic evolution, the cale-
silicate rocks gained in competence relative to the enclosing gneisses
and became boudiné. These movements were accompanied by formation
of pegmatites. Where the disruption was complete, a sort of flow occurred
within the boudins and the asymmetrical style of the original drag folds
was more or less destroyed. As seen from fig. 14 A, the breaking up into
boudins may have been controlled by diagonal S-planes rather than
cross-fractures. Very similar boudins with internal fold structures have
been described recently by K. Cor from West Cork, Ireland. In the Irish
example, however, the folding is due to slumping within an unconsolidat-
ed bed of sandstone, which later on, when lithified and enclosed by
siltstone, was boudiné. On Lange a similar mechanism can hardly be
invoked, since the folds shown by the calc-silicate rocks are homoaxial
with those observed in the surrounding rocks. Here the change in relative
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competence should probably be explained as the result of the conversion
of the original sediment into a calc-silicate rock, or, since the change is
relative, by a change in the physical properties of the enclosing rocks.

On the southern part of Sydtangen, a smallfolded cale-silicate layer
separates granulite from purple biotite gneiss. From a structural point
of view, this layer corresponds to the thick, western layer at Nordnoret.
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Fig. 17. Ultrabasic rocks accumulating in small hinge zones, eastern Lange.

Finally, the narrow layer of hypersthene gneiss, which on northern
Lange occurs just west of the Great Pyribolite, should be mentioned. It
contains rather abundant elongated inclusions and streaks of pyribolitic
or ultrabasic material. Smallfolding may be seen in nebulitic structures
or within the enclaves. Fig. 15 and 16 show typical examples of the folding
in the basic enclaves. The smallfolds are closed or isoclinal and it is
particularly their hinge zones which have survived the gneissification.
The two larger enclaves in the centre of fig. 15 are thus both relics of a
formerly coherent hinge zone. The plastic behaviour of the ultrabasic
rocks during this folding—even down to the smallest scale—is shown by
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fig. 17 where the black ultrabasic band shows thickening in the closures
and migration from the flanks of the smallfolds. A quartz vein was at
the same time disrupted.

Tugdleranarssuit and the archipelago of Qagssiarssuk

The rock association of the 2nd Intermediate Layer on Lange,
reappears on eastern Tugdlerunarssuit, where granulitic rocks are ex-
posed in two areas separated by a layer of pyribolite (19306). On the
north coast, this layer contains a median band of diorite, in the same
manner as in the pyribolite found on the western parts of Sydtangen,
Langg. To the south-east, the whole layer is replaced by rusty diorite.
On Tugdlerunarssuit the garnets of the granulite have often been altered
into biotite which forms greenish grey spots in the light coloured rock.
Where the granulite has been mylonitised, as on the eastern point, these
spots have been dragged out and the rock has a streaky appearance. On
the three small islands south of Tugdlerunarssuit a strongly mylonitic
light coloured biotite gneiss with conformable microcline schlieren is
found. It contains a few small (20—40 cm) inclusions of cale-silicate and
thin grey dykes which are folded but cut by undeformed microcline-
bearing pegmatites. This mylonitic gneiss undoubtedly represents a
strongly sheared and recrystallised equivalent of the granulite of Tugdle-
runarssuit and Lange. It is structurally enclosed between two layers of
pyribolite, a western and a south-eastern. The western one can be traced
northwards into the rather thick pyribolite layer which on Tugdleranar-
ssuit separates the granulite from the western hypersthene-bearing gneis-
ses with pyribolitic, ultrabasic and gabbro-anorthositic inclusions. This
pyribolite layer can be followed north through Langs, Hestenwsset and
Kolbesg into the northern thick pyribolite layer of the dome, the Pas
Pyribolite. The latter everywhere separates a gabbro-anorthosite-bearing
gneiss from the purple to light coloured gneisses and granulites of the
2nd Intermediate Layer.

As indicated by the change in strike within the mylonitic gneiss of
the three small islands mentioned, this pyribolite layer continues under
sea into the narrow wedge of pyribolite exposed on the east coast of the
point south-west of Tugdlerunarssuit. The hypersthene gneisses of western
Tugdlertinarssuit just reach the same coast. Here they are strongly folded
and the smallfolds indicate that they form the closure of a southward-
plunging antiform. The wedge shape of the overlying pyribolite seems to
be due to its pinching out on the western flank of this structure. The
hinge zone has also been recognised within the hypersthene gneisses of
western Tugdlerunarssuit, which will be described later on.
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On the point south-west of Tugdlerinarssuit, a mylonitised light
coloured biotite gneiss overlies the partly pinched-out Pas Pyribolite.
The gneiss in its turn is overlain by a thick pyribolite layer which forms
the cliffs of the south coast of Qagssiarssuk and then curves south towards
Blindtarmen lake. Where it runs over the point west of the bay it
decreases in thickness and gives way locally to garnet-bearing gneisses.

The author has correlated this pyribolite layer with the Pas Pyri-
bolite, since in this southern region it always separates a mixed, mainly
hypersthene-bearing gneiss from rocks which lithologically as well as
structurally can be traced directly into the 2nd Intermediate Layer as
recognised on eastern Tugdlertinarssuit. In order to make the Pas Pyri-
bolite appear as the thick pyribolite layer further to the south on the
point mentioned a tight synform with a sea-covered hinge zone west of
Tugdlerunarssuit has to be postulated.

The area between Qagssiarssuk and Pékitsoq

This area, south of the Great Pyribolite and north of the Pas Pyri-
bolite, contains some very complex geology. It is dissected by many
often swampy valleys which are fault-determined. Retrograde alterations
along these faults have caused a bleaching of the various rocks so that
their identification in the field is greatly hampered. Shear accompanying
the faulting may also have changed or even obliterated the older struc-
tures. The original rock assemblage and its structure can only be studied
on the exposures in the scattered hills. The representation given in the
present map is based largely on one night’s work when favourable illumi-
nation due to a low sun in the west made possible a tracing of the struec-
tures and layers from one hillock to another; at this time all confusing
features within the valleys were hidden in shadow. A few hours mapping
thus enabled the author to group all the detailed observations made
previously into a definite pattern.

In the western part of the area a more or less dioritised or gneissified
pyribolite layer (indicated as ordinary pyribolite on the map of pl. 1)
can be traced from the small point on the east coast of Qagssiarssuk over
the hills first towards north-east and then eurving towards north-west.
In fact it forms a hinge zone in a partly recumbent structure, since the
axis plunges to the south., The core of this structure is made up of a
larger body of almost totally uralitised diorite with a few amphibolitic
bands or inclusions. A bleached gneiss separates the diorite from the
gneissified pyribolite. West of the latter a banded to streaky gneiss,
varying from hypersthene-bearing to purple gneiss with discontinuous
bands of garnet-biotite-rich gneiss, is exposed. West of Qéaqarssunguit
(140 m), this gneiss contains a zone rich in basic material (pyribolite and
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amphibolite) which here is intensively smallfolded on southward-plung-
ing axes. Towards the north-east this zone fades out, but possibly can
be traced into the dioritic rock on the east coast of Qagssiarssuk just
south of the Great Pyribolite, where skarn rocks (35832) are found. North
and north-east of Qaqarssunguit, smallfolding is also present in the gneis-
ses which here have developed a strong elongation and lineation parallel
to the fold axis, fig. 18. The smallfolding of the lithological banding can
actually only be observed on cross joint surfaces while the trace of the
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Fig. 18. Asymmetric smallfolds in gneisses (2nd Int. Layer), east of Qagssiarssuk.

elongation on more horizontal exposures simulates that of a nearly
vertical foliation.

The recumbent structure just described is undoubtedly directly
connected with the antiform found on western Tugdlertinarssuit and
south of this island. The dioritic core can thus be interpreted as having
been developed from the median pyribolite of eastern Tugdlerunarssuit.
South-west of Pakitsoq, an analogous structure is found within the rocks
of the 2nd Int. Layer. The pyribolite, which forms the 80 m high hill
east of Orens, is thus replaced by diorite along its periphery in the
hinge zone. A quartz-dioritic gneiss with small basic and ultrabasic
inclusions occupies the core of the structure shown by the pyribolite.

The Pas Pyribolite and its immediate northern surroundings

This layer circumscribes the Tovqussaq dome, but it has a much
more complex configuration on the map than any of the other layers so
far described. Some of these complications have just been discussed in
connection with the description of the lithology and structures of the
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2nd Intermediate Layer. The Pas Pyribolite will now be described begin-
ning in the northern part of the dome and continuing anticlockwise
around this structure.

Much of what has been said about the lithology of the Great Pyri-
bolite applies also to the Pas Pyribolite, although the latter in several
localities shows a somewhat different development. Immediately east of
Ankerbugtdalen (4040), it appears as a normal banded pyribolite. On
Sorthat (307 m) it is smallfolded close to its northern contact. The axes
of these smallfolds trend E—W and are horizontal. The folds indicate
a relative tectonic transport towards north. Further to the west the Pas
layer appears more homogeneous and slightly more coarse grained. A
well developed mineral lineation plunges between 25 and 30° to SSE,
and does not lie in the plane of the pyribolite layer (as far as this can be
determined from contour construction), but is inclined to this.

Thus it seems that this lineation originated along with a recrystallisa-
tion of the pyribolite and its direction would appear to have been con-
trolled by movements which are younger than the formation of the over-
turned dome. The influence of this younger deformation is also manifest
around Kolbesg, where the Pas Pyribolite is strongly folded and in part
transformed into diorite. This area was mapped in greater detail in order
to find out whether the Pas Pyribolite could really be traced through
these complications or not. As may be seen from fig. 11, which shows the
outcome of this detailed study, there can be no doubt that the Pas
layer extends south on to the east coast of Hestenwsset. The general
foliation, however, strikes NW, i.e. obliquely to the trend of the large
scale lithological layering. In spite of the rather poor exposures in this
area, in some northward-facing sections along the younger faults it
could be ascertained that smallfolds developed by differential shear
movements along the present foliation planes had been superimposed on
older broad folds. Apart from larger lithological variations, local relics
of mesoscopic banding help to establish the existence of the older and
larger folds within the pyribolite. These structural relations will be
discussed at greater length in connection with the geometrical analysis.
Due to the changes which took place along with the shear movements,
the pyribolite is more or less gneissified, particularly along its western
contact. Inclusions of ultrabasic rocks are rather common south of
Kolbess, and a mappable band of calc-silicates has been met with at
various localities along the western contact of the pyribolite. On Heste-
n:sset, this band helps to determine the displacements caused by the
younger dextral faults. Within the area shown in fig. 11 the calc-silicate
band is bordered by a purple biotite gneiss to the west. This gneiss layer
separates the pyribolite and the cale-silicate rocks from a zone rich in
gabbro-anorthosite inclusions, This lithological succession helps to
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Fig. 19. Banded succession in the Pas Pyribolite, west coast of Lange (Photo:
GGU, A.B.).

identify the Pas Pyribolite on the west coast of Langs. West of the 2nd
Intermediate Layer there occurs here a rather thick layer of pyribolite,
which, along its contact against the gneiss, contains a few narrow layers
of purple to violet gneiss (4038). To the west it enclose a thin (1—2 m)
layer of quartz-diopside rock, which may be banded and which in its
southern extension shows prominent smallfolding. West of this cale-
silicate bearing layer, there follows a rather broad belt of highly mixed
rocks, comprising bands of pyribolite, amphibolitic gneiss, ultrabasic
rocks, garnet-amphibolite and leucocratic purple granofelses, fig. 19.
On the point west of Nordnoret, this succession, which is represented
here by a mixed purple gneiss, is separated by a low-dipping mylonite
from bleached gneiss with enclaves of gabbro-anorthosite on the north-
western small point.

Thus on Lange the same rock succession is found as on Hestenzsset,
although the western gabbro-anorthosite-bearing gneiss is in tectonic
contact with the Pas Pyribolite. As previously mentioned, this rock
succession may be traced south on Tugdlerunarssuit.
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['ig. 20. Boudinage structures in ultrabasic rocks occupying hinge zones. Sketched
from a photograph taken near the west coast, Lange.

H. SoreENsEN has described some ultrabasic hornblende-hypersthene
rocks from the banded and streaky amphibolitic gneisses of the west
coast of Lange (H. SorenseN, 1953). According to SerReENSEN the ultra-
basic rocks form lenticles comformably enclosed by gneiss, which latter
is regarded as having been formed at the expense of amphibolite. He
mentions that the lenticles often diminish in size towards north, a feature
which he has also observed within the inclusion-rich dioritic layer of the
Great Pyribolite on the east coast of Langs. He ascribes this feature to
the formation of boudinage structures from original wedge-shaped
ultrabasic bands. The present author’s studies of different localities on
Lange have convinced him that the initial wedge shape is only an appar-
ent one. The predominant decrease in size towards north, which can be
observed where isoclinally folded bands have later on been boudiné, is
explained simply by the fact that the ultrabasic rocks have accumulated

123 6
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Fig. 21. Small scale structures of ultrabasic rocks in the Pas Pyribolite, western Langs.

preferentially within the antiformal hinge zones. The general south-east
axial plunge then accounts for the “polarity” (to use H. SORENSEN’s
expression) seen within the more or less horizontal exposures. It should
be noted that decrease in size of the boudins or inclusions has also been
observed when going from north to south; in these cases, the ultrabasic
rocks have evidently been concentrated in the synformal and not anti-
formal hinge zones.

In fig. 20, a typical example of boudinage structure within an anti-
formally arranged ultrabasic band is shown. Another example is shown
in fig. 21 where the breaking up of the ultrabasic band is less advanced.
As may be seen in the sketch of the antiformal hinge zone the elongated
grains of rhombic pyroxene, which largely build up the ultrabasite, in
their direction follow the outer shape of the band, but have obviously
been deformed in connection with the formation of the boudinage struc-
ture. The gneiss seems to have yielded plastically, while the amphibolitic
band on the flank of the anticline has been displaced by a small fault
in a similar manner to the ultrabasic band.

In fig. 22 several examples are shown of the behaviour of the ultra-
basic rocks during deformation. They have all been sketched from occur-
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Fig. 22. Sketches illustrating the structural behaviour of ultrabasic rocks, Lange.

rences within the western Pas Pyribolite, except for the lowermost ex-
ample, which was found along the east coast of Lange. Example C in
this figure shows how an ultrabasic band has been isoclinally folded. Such
structures may at first sight resemble lenticles or boudins, especially
when one of the fold flanks is sheared off. This resemblance is still greater
in example D, where the ultrabasite occupies the core of a detached hinge
zone. This complex fold can best be imagined to have developed in a two
stage folding; first two thickened and dragged hinge zones were formed
and then the largest of these was refolded along with changing move-
ments within the surrounding rocks. The examples A and B seemingly
represent a deformational stage where the ultrabasic rocks had gained
in relative competence. This is particularly evident from figure B, where
the ultrabasic band has also been disrupted. The development of pegma-
tite along the shear fractures may also be mentioned (cf. the pegmatite
between the ultrabasic fragments in fig. 21).

In order to see whether the conclusions drawn from these small
scale features are also valid on larger scale, an area of about 50 x 40 m
where ultrabasic rocks are abundant was mapped on a scale of 1: 100.
The ultrabasic rocks, which comprise hornblende-bearing hypersthenite
and hypersthene-bearing hornblendites, are associated here with garnet
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amphibolite and mixed gneiss with bands and schlieren of pyribolite and
amphibolite. Very leucocratic purple granofelses also occur. The map
resulting from this study is shown in fig. 23, and the location of the map
area is indicated on the geological map of Lange.

The resulting outcrop pattern is a very irregular one. In the southern
part of the map, the ultrabasite is partly agmatised by pegmatites, but
the original structures are still discernable. The area does not present a
flat surface, but is slightly rocky, so when standing at one place no
general impression of the structures can be obtained, and the ultrabasic
rocks appear from a hasty inspection to form lens-shaped inclusions.
Only when these are traced in detail does a complex fold pattern show
up. Apart from the general impression formed during the mapping, the
readings plotted in the stereogram of the figure indicate that the ultra-
basic rocks have been folded conformably with the enclosing rocks.
Assuming this, a profile at right angles to the fold axis was constructed.
This construction did not include corrections for the small variations in
altitude. The correction for the displacements along the small faults
was made after the projection into the profile was performed. The errors
involved hereby do not, however, have much influence on the final
profile (fig. 24, B), since the vertical component of the fault movements
is rather insignificant. In the profile of fig. 24, B, there are several indi-
cations of a shearfolding which has been superimposed on older and
larger folds. For example, the smallfolds marked by SF in fig. 24, B,
give a clue for the understanding of the structures, since they indicate
the existence of shearfolding. In fig. 24, A, a profile is shown which is the
result of an attempt at eliminating the effect of the later shearfolding.
The antiformal axial planes are indicated as broken lines so that a com-
parison with the lower profile can be made. By this procedure, we arrive
at a ‘style tectonique’ which is directly comparable to that observed on a
mesoscopic scale. The style is characterised by the highly plastic behaviour
of the ultrabasic layer. It would be interesting to extend this analysis
to a still larger area in order to see whether the apparent conformity
between the ultrabasite and the enclosing rocks persisted.

This detailed analysis also shows that in this region the lithological
layering is not as steep as would be imagined from most of the field
readings. This is also shown by the folded banded skarn horizon and the
gneiss layers further to the south (see fig. 12).

The course of the Pas Pyribolite on Tugdlerunarssuit and on the
south coast of Qagssiarssuk has already been described. Between Qag-
ssiarssuk and Blindtarmen, the pyribolite increases in thickness. Since
it mainly occupies a broad valley, and is only exposed on some ridges,
the ultrabasic rocks, which were mapped close to the coast, could not
be traced further south. The Blindtarmen lake has been eroded out in an
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important antiformal hinge zone which makes the Pas Pyribolite reappear
with a northeasterly strike on the 140 m high mountain, Qaqarssinguit.
This hinge zone is dissected by several later faults striking ESE and
showing a dextral displacement.

NE of the long and narrow fault-determined lake, the pyribolite
passes more or less gradually along the strike into gneissified pyribolite
and finally into a mixed gneiss which contains only slightly more basic
material than the mixed gneisses south of the Pas layer. Where passing
two smaller lakes, the Pas layer is characterised furthermore by the
presence of several ultrabasic inclusions and more or less irregular bodies
of pyroxene diorite. Still further to the north-east, the layer is sheared
out along a marked zone of movement.

On the north coast of the Pakitsoq fjord, the Pas Pyribolite reappears
east of the 2nd Intermediate Layer. The pyribolite layer is also somewhat
gneissified here, i.e. it in fact forms a layer of more or less dioritic gneiss
with abundant bands, schlieren and inclusions of pyribolite. Further to
the north, however, it attains its normal banded or massive appearance.
It is joined here, on its eastern border, by a thin layer of pyribolite, which
on the coast of Pakitsoq was separated from the Pas layer by an inter-
vening wedge-shaped layer of hypersthene-bearing or purple gneiss.

South of Enehoj and just north of Gammel Lejrskar, this thin pyri-
bolite layer again splits off from the Pas Pyribolite.

In the triangular fault block, south of Gammel Lejrskar, the Pas
Pyribolite is affected by small scale and large scale folding. Just north
of the two parallel NE-striking faults a larger antiform and a neigh-
bouring synform are found. The axes of these folds plunge gently towards
NNW within the hinge zones, but further north assume a horizontal
position. This explains the reappearance of the pyribolite as a small
inlier within the light coloured gneiss of the synformal core. In the anti-
form, the axis takes up a SSE plunge before it finally, north of Gammel
Lejrskar, plunges rather steeply to NNW. Within this region, the pyri-
bolite is thrown into 1—2 m large drag folds and it contains abundant
inclusions of ultrabasic rocks.

From Gammel Lejrskar to Ankerbugtdal, the Pas Pyribolite des-
cribes a slight arc. Where it has been studied in detail, (close to the
374 m Lake) the contact with the 2nd Intermediate Layer is knife sharp
and seemingly tectonic, since the adjoining gneiss contains platy drawn-
out quartz grains. Further west a narrow layer splits off from the main
pyribolite and enters the synformal structure within the 2nd gneiss layer
described above.

Within the northern part of the Tovqussaq dome structure, two
additional litho-structural units have been mapped. From Verdens
Begyndelse, north of Sorthat, across the Ankerbugtdal to Enehgj, the



{8 ASGER BERTHELSEN, |

Pas Pyribolite is bordered by a narrow gneiss layer which separates it
from a layer very rich in enclaves or bands of gabbro-anorthosite. In this
northern part, these layers still belong to the dome structure. They are
best developed between Sorthat and Enehgj. To the west as well as the
east, on Hesten®sset and SE of Enehgj respectively, the gabbro-anortho-
sitic layer seems to join the Pas Pyribolite. Around and east of the Anker-
bugt valley, the intervening gneiss layer is developed as hypersthene
gneiss, but further east it passes into a banded light coloured gneiss.
West of the Ankerbugtdal, the northern ‘gabbro-anorthositic’ layer is
separated from the northern light coloured to pink, homogeneous rocks
by a narrow band of smallfolded and banded pyribolite, which seemingly
belongs to the gabbro-anorthosite layer. West of Enehgj, this latter layer
is nearly 90 °/, gabbro-anorthosite, which here is intensely smallfolded.
Where this layer is involved in the synformal and antiformal structures
west of Vinkelso, the gabbro-anorthosite occurs as more scattered inclu-
sions in the gneisses. Structurally the inclusion-rich zone joins up with the
narrow pyribolite layer, which south of Vinkelss was found to split off
from the Pas Pyribolite.

An analogous development may be observed west of Kolbesg where
the gabbro-anorthosite-bearing layer has been involved in the folding
which also affected the Pas Pyribolite here (cf. fig. 11 and the text above).

The western surroundings of the Tovqussaq dome

Under this heading the region including the country south of Lille
Ekkodal to Hestenzs and from western Tugdlerunarssuit to Atangmik
in the extreme south will be described. For the northernmost part of this
region the reader is referred to fig. 11, which is a reduction from a map
on a scale of about 1 : 4000.

In this map a fan-shaped arrangement may be seen in the strike of
the lithological units. It seems probable that this outcrop pattern is
caused by a fold, and the mapping also showed that, going from west to
east, the lithological succession is more or less repeated. Along the coast,
west of the broad strike valley, Streget, an important pyribolite layer
oceurs.

At its eastern contact it is underlain by a narrow band of cale-
silicate rocks. Close to these, the pyribolite contains a parallel row of
ultrabasic lenticles, which seemingly once formed a conformable band
(possibly isoclinally folded). East of the calc-silicate band there occurs a
hypersthene-bearing gneiss layer, which to the south rapidly changes into
light coloured rocks (4049, A and B). Then mixed gneisses, which run
parallel to the contact with the above-mentioned gneiss layer and which
contain ultrabasic rocks, are met with. Towards the northern point these
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Fig. 25. Smallfolded mixed gneisses, central Hestenas. The open circles indicate
garnet amphibolite. In the front is a sheared pegmatite.

gneisses pass into slightly gneissified pyribolite. They are generally
hypersthene-bearing, but change to the east, where they contain abun-
dant gabbro-anorthositic enclaves (4050), into more purplish gneisses,
which latter grade into the more light coloured rocks underlying the
strike valley, Straget.

Although not completely identical in detail, the rock succession just
described shows a great resemblance to that described above from the
east coast of Hestenesset and west of Kolbeso. The intervening area
contains mostly mixed gneiss, with discontinuous basic bands and
occasional enclaves of gabbro-anorthosite. Purple gneiss types predomi-
nate, but quartz-syenitic granofelses (4019) and more rusty coloured
hornblende-hypersthene-bearing types are also met with. On Heste-
naesset schlieren of pyribolite and garnet amphibolite were found on
the west side of the point, where folds with an amplitude of 1—2 m are
developed, fig. 25. The mesoscopic drag folds in the cliffs of the west
coast indicate that they are on the western flank of the antiform. The
sketches shown in fig. 26 were made in the central part of Hesteneesset.
In A of this figure it may be seen how gabbro-anorthosite with thin
intercalations of gneiss and pyribolite has been flexural-slip folded.
A small thrust cuts off the crest of the antiform. Part B of the same figure
shows a row of slightly clockwise rotated boudins in biotite-hypersthene
gneiss. The three southernmost boudins consist of gabbro-anorthosite with



90 ASGER BERTHELSEN. I

GABBRO-ANORTHOSITE
o PyR/BOLITE

Fig. 26. Small scale structures in gabbro-anorthosite, Hestenzesset.

a narrow band of almost pure anorthosite. This band is also found in the
northern boudin which otherwise is made up of a melanocratic diopside
amphibolite with certain affinities to the gabbro-anorthosite. Pegmatites
separate the boudins and an undeformed vein cuts the lot. The move-
ments which caused the rotation of the boudins have also left their trace
in a small drag fold. The relative tectonic transport indicated by these
structures fits well into the kinematic picture of the large antiform over
Hestenasset.

On western Tugdlerunarssuit the southern continuation of the same
antiform is visible in the arrangement of the inclusions and schlieren in
the quartz-dioritic hypersthene gneiss, which latter may in places attain
an almost dioritic composition.

The enclaves and schlieren consist of pyribolite, biotite-pyribolite,
gabbro-anorthosite and less commonly of ultrabasite. On more or less
vertical walls, where the weathering has given the inclusions a slight
negative relief, their arrangement reveals a gently plicated antiformal
crest, fig. 27.

Within these inclusions transitions from skarn-amphibolite into
gabbro-anorthosite have been noticed. Fig. 28 illustrates another inter-
esting feature seen at this locality. Within a larger enclave of foliated
gabbro-anorthosite, two conformably arranged boudins of almost pure
anorthosite are found, surrounded by a thin zone mainly composed of
diopside with a little biotite and plagioclase. This observation is im-
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Fig. 27. Small scale structures in gabbro-anorthosite-bearing gneisses, northern point
of Tugdlerunarssuit. Drawn from a colour photograph.

portant, since it demonstrates that the gabbro-anorthosite, before it
was broken up into the present large blocks, had been exposed to a still
older phase of deformation during which not only the foliation, but also
internal boudinage structure were developed.

In the smaller enclaves and schlieren of gabbro-anorthosite, horn-
blende and biotite generally constitute the mafic minerals.

Fig. 29 shows another example from western Tugdlertnarssuit.
Although the smallfolded pyribolite and amphibolitic bands still indicate
the presence of the antiformal crest, the tectonic style has radically
changed. The larger amplitude may be explained by the control of the
thicker competent basic bands and as such is not unusual, but the
occurrence of recrystallised finer grained zones of former movement which
cut through the fold pattern is a new feature. Where gabbro-anorthositic
enclaves have been affected by the younger movement, they may now
be rotated and displaced. These dyke-like zones presumably represent
recrystallised and plastically moved old mylonites or shear zones. Rather
similar features have also been observed west of Kolbesgen within the
purple gneisses of the central part of the same antiform.

The low land between Qagsiarssuk and Atangmik appears rather
monotonous in composition and structure. East and south of Blind-
tarmen, a rather large scale banding within the gneisses shows that the
acute hinge zone of the Pas Pyribolite around Blindtarmen may be
traced in the gneisses towards the extreme south-western point of the



92 ASGER BERTHELSEN. I

Tovqussaq peninsula. The same impression was obtained from the study
of the coasts. On a smaller scale the gneisses are, however, rather hetero-
geneous. Darker bands and schlieren are common, as well as lenticular
or more irregular enclaves of basic and ultrabasic rocks. Smallfolding is
very prominent in the gneisses surrounding the Pas Pyribolite, where
this makes a sharp bend around Blindtarmen. Readings of fold axes,
mineral lineation and elongation of inclusions are often more easy to

Fig. 28. Enclave of gabbro-anorthosite with internal boudinage structure, north-
western Tugdleranarssuit.

obtain than measurements of the lithological banding. Where these
gneisses have been visited, they were not found to contain gabbro-
anorthositic inclusions, but possibly a more intensive search could prove
their existence. Along the west coast, the gneisses are universally hyper-
sthene-bearing, where not affected by retrograde alterations due to
mylonitisation or faulting. West and south of Blindtarmen, transitions
into purple, occasionally garnet-bearing types are met with. The above-
mentioned 110 m hill is composed of somewhat smallfolded hypersthene
gneiss which otherwise is rather homogeneous. On the north coast of the
small Atangmik fjord, more or less banded hypersthene gneiss is found.

The area north of the Tovqussaq dome and south of Smalledal

The area discussed here extends from Kalotbugt and Gule Hav
across the Ankerbugtdal to Gammel Lejrskar. From the field work it
1s evident that the geology of this area is very complex. The total absence
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Fig. 29. Small scale structures within the hinge zone of the Western Antiform,
western Tugdlerunarssuit. Drawn from a colour photograph.

of any reliable marker horizons makes it very difficult to present a litho-
structural map of this region. Within larger areas, such as Skraaland, the
rocks are so homogenised that no structural readings can be taken over a
stretch of more than one kilometre. In other places, ‘layers’ more rich
in basic and ultrabasic inclusions can be traced for some distance. Two
such inclusion-rich zones have been traced continuously from Store
Ekkodal right to Ankerbugtdal. Otherwise the basis for the mapping is
mainly petrographical, and of doubtful value from a structural point of
view since the granodioritic and granitic rocks have been developed in
connection with the last phase of movement and hence do not necessarily
reflect the older-formed litho-structural units in their present distribution
on the map.

The shores between Kalotbugt and Gule Hav are mainly built up
of yellow-brown to rusty coloured dioritic rocks, which also form the
western part of the small island west of Gule Hav. The eastern part of
the island is made up of mainly hypersthene-bearing banded gneisses, in
which small scale double folds are seen. The youngest axes plunge at
20° to the NNW (341°).

On the slopes east of Gule Hav, very light coloured granitic rocks
(19238) are exposed up to the fault in Smalledal. Partly agmatised
amphibolitic bands are enclosed by the granitic gneiss, which here also



94 ASGER BERTHELSEN. I

3 o ) 4. £ ; B T e

Fig. 30. Agmatitic gneisses, northern wall of Store Ekkodal (Photo: GGU, A.B.).

contains abundant and metre-large biotite-bearing pegmatites with
crystals of microcline up to 20 ecm across. Eastwards the granitised rocks
pass gradually into a more mixed gneiss of the purple type. On the
point just north of Kalotbugt, the diorite on the extreme tip borders
directly on hypersthene-bearing or purple gneiss with a band rich in
enclaves of gabbro-anorthosite.

On the northern wall of Store Ekkodal an illustrative nearly vertical
profile through the agmatitic zone north of Skraaland can be seen, fig. 30.
On this photograph smaller dark areas represent ultrabasic rocks, while
the less dark patches are more or less transformed basic rocks. In the
centre these rocks appear slightly more light coloured due to granitisation.
Light coloured, irregular in part, pegmatitic veins traverse this associ-
ation. The photograph shows a profile some 25 m high. South of Store
Ekkodal, this agmatitic zone seems to form a hinge zone with an axial
plunge to the SSE. Further north-east the agmatite fades out within the
granitised roks of Skraaland. These gneisses correspond closely to those
described from the Intermediate Layers in the northern part of the dome,
although possibly they carry slightly more microcline. They can be traced
eastwards just across the Ankerbugtdal, but further on more heter-
ogeneous rocks are met with. They are light purplish streaky to agmatitic
gneisses. In the transition zone nebulitic agmatites are seen.

The northern mixed gneiss band south of Smalledal is generally
less agmatitic than the one seen in fig. 30; it rarely contains ultrabasic
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basic enclaves show an older fold structure which is only slightly influenced by
post-replacive movements. Drawn from a colour photograph.

inclusions and in places may be well banded. However, where occurring
on the south shore of Kalotbugt, it is strongly agmatised with partly
digested inclusions, see fig. 31. None of these two ‘layers’ can be traced
with certainty east of Ankerbugtdal. North-west of Enehgj a zone with
small ultrabasic inclusions is found, but otherwise it can only be said that
most of the gneisses are more or less agmatitic. This applies particularly
to the region north and east of Enehgj. The darker enclaves generally
consist of biotite-amphibolite, but may also have been transformed into
biotite-rich quartz-diorite of a lighter shade. The matrix is purple grano-
fels which may grade into more pegmatitic rocks. A remarkable fact is the
parallelism of the internal structures within the irregularly distributed
enclaves. These agmatites are thus typical replacement agmatites,
figs. 32 and 33. East of Enehgj, more basic to ultrabasic enclaves are
found and inclusions of cale-silicate and gabbro-anorthositic rocks
(35858) have also been met with. Between Nordvestpassagen and Vin-
kelso, the gneisses are partly hypersthene-bearing. Another feature
which deserves mention is the occurrence of highly granitised rocks east
of Trekantsgen, where they form a narrow zone where the granitisation
has been controlled by an early fault.
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Fig. 32. Replacement agmatite, north-east of Enehej. The internal structures of
the enclaves have preserved their parallel orientation (Photo: GGU, A.B.).

The area between Gammel Lejrskar and Pakitsoq

This area, which towards the east is limited by the Pékitsoq Pyri-
bolite, forms the southern continuation of the unit described above. It
consists mainly of hypersthene gneiss, which gradually becomes more and
more uniform towards the south. Around Gammel Lejrskar, smallfolding
is very pronounced and the gneiss may be rich in enclaves. The axial
culmination observed within the antiform of the Pas Pyribolite is also
found in the gneisses. Around the two parallel NE-striking faults, a more
or less discontinuous thin layer of pyribolite may be traced in a partly
gneissified state. The hypersthene gneiss east of this layer is rather
homogeneous, but contains a few enclaves which represent untransformed
relics, since their internal structures still conform to the southward
plunging axis (fig. 34). North of Ilordlia, gabbro-anorthositic inclusions
—often arranged in bands—are found in the gneisses enclosed between
the Pas Pyribolite and the above-mentioned thin pyribolite. On the west
coast of Ilordlia, dragfolded bands and streaks of finely banded calc-
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Tig. 33. Agmatilic gneiss which has been moved after the formation of a replace-
ment agmatite, near to the locality pictured in fig. 29 (Photo: GGU, A.B.).

silicate rocks are found, whereas gabbro-anorthosite has not been found
here. This latter rock, however, forms abundant enclaves in the gneisses
bordering on the two enclosing pyribolite bands on the north coast of the
Pakitsoq fjord. A less inclusion-rich hypersthene gneiss here occupies
the central part of the gneiss layer in which an antiformal hinge zone
may be discerned (see map PL 1).

On the west coast of the narrow strait which connects the Pakitsoq
fjord with Ilordlia, a narrow layer of pyribolite is found. It terminates
before reaching the north coast. Whether this is due to folding or to
shearing is not known. North of Ilordlia, and west of the Pakitsoq Pyri-
bolite, the hypersthene gneiss contains scarce small gabbro-anorthositic
enclaves. Right on the coast west of the Pakitsoq layer a narrow band
of pyribolite is seen on the north shore of Ilordlia, but it has not been
possible to trace this band further to the north. To the south, on the east
coast of Pékitsoq, the rocks dealt with in this paragraph form part of the
Piékitsoq antiform to be described later on.

123
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Fig. 34. Enclave-bearing hypersthene gneiss, northern side of the fault valley east
of Vinkelso. The structure lines added to the sketch show that the enclave structures
reflect an older smallfold.

The Smalledal structure

North of Smalledal and Nordvestpassagen two structural units can
be distinguished, the Smalledal and the Irdal structures. As was the case
with the Tovqussaq dome, it is the marker horizons of pyribolite which
enabled such a division to be made. In the Smalledal structure a central
pyribolite layer can thus be traced in a complete loop from Kangeq to
Trehgje, where it turns round and runs westwards again as far as Kangeq,
here closing again in a smallfolded hinge zone. Another outer pyribolite
layer takes part in a similar structure. Its western hinge zone is hidden
under the sea at Kangeq, but the eastern closure may be traced from south
of Krydssg, across Breddal to north of Bortehoj. On this last stretch the
pyribolite is generally completely gneissified; only north of Breddal and
north of Bortehoj are mappable relies of pyribolite preserved.

At the latter locality, pronounced double folding on a mesoscopic
scale is seen in the surrounding gneisses. From this northern extension,
to just east of Hjornet and south of Lejrso, the strike continuation of the
pyribolite can be traced as a litho-structural boundary between the two
different gneiss layers, which, between Lejrse and Kangeq, are separated
by the pyribolite.
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Fig. 35. Drag folds developed in mixed gneiss separating enclaves of gabbro-anortho-
site, east of Nordvestpassagen.

From these results, it can be concluded that the rock succession
south of Smalledal and Nordvestpassagen virtually circumscribes the
Smalledal structure (as indicated by the two pyribolite layers). It also
surrounds the exposed parts of the Irdal structure. This gneiss layer has
been called the Frame Layer since on the map it surrounds the Irdal and
Smalledal structures as well as the Tovqussaq dome. As will be explained
later on, it may also be correlated with the Frame Layer of the central
Tovqussaq dome described earlier. This correlation is based on litho-
logical resemblance and structural reasoning and thus represents a more
advanced stage of the analysis. However it was tested as a working
hypothesis during the field work.

7*
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On the point north of Gule Hav the Frame Layer is represented by
mixed, in part hypersthene-bearing gneisses, which are smallfolded around
southward-plunging axes. They are limited by a thrust fault from the
granitic gneisses to the south. The southernmost pyribolite layer of the
Smalledal structure is separated here from the mixed gneiss by a con-
formable layer packed with enclaves of gabbro-anorthosite or composed
of finely banded gabbro-anorthosite. The pyribolite, as well as the fring-
ing gabbro-anorthosite, takes part in an antiformal structure, which
explains the smallfolding in the mixed gneisses. Towards the east, the
fringing gabbro-anorthosites gradually take the place of the pyribolite,
and this layer, where crossing the Ankerbugtdal, is only indicated by a
zone of gabbro-anorthosite enclosed in microcline-bearing gneiss.

In the antiformal hinge zone of Trehgje it may be seen how the
individual blocks of gabbro-anorthosite have controlled the folding of
the enclosing more plastic rocks. Fig. 35 shows an example where a band
of amphibolitic gneiss in a purple pegmatic granofels has been squeezed
into tight folds between the more massive enclaves. In spite of this rela-
tion, the fold axis measured in the amphibolitic gneiss conforms to the
more regional antiformal structure. Drag folds with amplitudes from less
than one to over ten metres are very common in the mixed gneisses of
the Frame Layer south of Krydsse.

The Frame Layer continues east of Treheje towards Breddal as a
mixed mainly hypersthene-bearing gneiss and then becomes purple or
more light coloured. In more or less transformed pyribolitic inclusions
isoclinal smallfolds are seen (fig. 36). North of Bortehsj and against the
thick pyribolite a narrow amphibolitic band may be followed for about
one kilometre until westwards it passes into smallfolded agmatitic gneiss.

In Kipdal, on Hjernet and Graahat, around Lejrsg and on Graaryg,
the Frame Layer is first of all characterised by its great content of
gabbro-anorthosite inclusions, which in places constitute more than
50 9/, of the total rock. In a zone limiting the northwestern extension of
the Smalledal structure (i.e. north of Hjernet), mesoscopic double folding
further complicates the structures of this layer. The gabbro-anorthositic
enclaves, where abundant, give an unusual light grey colour to the
mountains of this region (hence the names Graahat and Graaryg). A
nearly total absence of lichens was also noticed. The enclosing gneisses
are generally purplish but light coloured types (4094, A) are also met
with, as for example west of Lejrsg and within the antiformal crest at
Lejrso. On the seaward slopes of Graaryg, slightly banded hypersthene-
bearing gneiss is also found. Besides the gabbro-anorthositic inclusions,
the gneisses of the Frame Layer contain bands, schlieren and frag-
ments of pyribolite (4094, A) in all stages of amphibolitisation or graniti-
sation.



I Structural Studies in the Pre-Cambrian of Western Greenland. 101

Fig. 36. Agmatfitic structures of replacive origin in isoclinally smallfolded gneiss,
southern wall of Breddal (Photo: GGU, A.B.).

The gabbro-anorthositic rocks generally occur as boudins or enclaves
half a metre to over one metre across. According to the structures within
the enclaves, three types may be distinguished: 1) A porphyritic type,
which is rare. 2) A type characterised by flaser structure which presum-
ably has been developed from original porphyritic bands by shearing of
these before they became boudiné (fig. 37). 3) Finely banded types. Whether
the last mentioned type represents a more advanced stage of kinetically
transformed originally porphyritic types, or whether the banding can be
regarded as a primary structure is not known. Possibly both explanations
are right. The porphyritic type has only been encountered in a few places.
An example, where the outlines of rather fine grained plagioclase aggre-
gates indicate the existence of former megacrysts from 10 to 20 ¢m large,
was described under the basic division (35838) (Berthelsen, 1957, fig. 9).
In some places, the rigid gabbro-anorthositic enclaves and boudins are
still aligned, but in other places, as for example on the coast east of
Kangeq, the individual fragments are seen to have been rotated in the
enclosing more plastic purple gneiss (19235). Close to this locality, agma-



102 ASGER BERTHELSEN. I

Fig. 37. Boudin of gabbro-anorthosite with internal flaser structure, near Graahat
(Photo: GGU, A.B.).

tisation of former larger enclaves was also noticed. In some of these, the
plagioclase content is unusually low, so that a nearly ultrabasic com-
position is approached.

The northern part of the outermost pyribolite layer of the Smalledal
structure, which in this region forms the southern border of the Frame
Layer, is, at Kangeq, exposed as a broad layer, with a thin intercalation
of light coloured gneiss. Eastwards, it diminishes in thickness, but is
still recognisable as a distinct layer until west of Lejrse. South of this
lake, however, it is less distinct and is partly gneissified. The gneisses to
the south of it are generally rather light coloured or faint purple. They
contain pyribolitic and amphibolitic streaks and schlieren and scattered
inclusions of gabbro-anorthosite. This latter rock type is particularly
well exposed on the north side of the fault-determined valley in which
Lejrsa is situated.

On the southern side of the same fault, but east of Lejrsg, a remark-
able agmatite is developed from the same gneisses. Pyribolitic and
amphibolitic fragments, which obviously are derived from a banded
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succession, here lie in a scattered arrangement within a purple granofels.
Although the banding of the inclusions for the most part conforms with
a fold with steeply plunging axis, it is obvious that rotation and dis-
placement of the individual fragments has taken place. This exposure
is found just north of the northern hinge zone in the innermost pyribolite
layer of the Smalledal structure. This particular structural situation seems
to be responsible for the exceptional development of the agmatite.

Where the outermost gneiss layer of the Smalledal structure is
exposed east and north-east of Trehgje, complex smallfolding is also
seen. Basic bands and schlieren are folded here around N-plunging axes;
alittle to the south the axes are vertical but change then to SSE-plunging.
The purple to light gneisses south of Krydsse grade westwards into slight-
Iy banded, more rust coloured, in part hypersthene-bearing rocks, which
west of the Ankerbugtdal are replaced by light coloured banded gneisses
with conformable rust zones richer in biotite. Whether these rust zones
represent original more pelitic intercalations or have developed from
transformation of amphibolitic bands is uncertain. Further west the
light coloured gneiss layer passes into more mixed purplish gneiss, which
finally on the west coast of the small point south of Kangeq changes into
hypersthene gneiss.

Where it reappears on Kangeq, the layer is represented by banded
mainly purple gneiss which contains a few gabbro-anorthositic in-
clusions. From the east coast of the small bay and eastwards, light purple
gneisses are found. When the southern slopes of Graaryg are approached,
the layer becomes more heterogeneous and passes into the rocks south of
Lejrse mentioned above.

Just south-east of Kangeq, the innermost pyribolite layer of the
Smalledal structure forms a well exposed hinge zone. The axes of the
prominent smallfolds plunge west, thus indicating the antiformal char-
acter of the closure. This isoclinal antiform participates in the S-plunging
antiform structure indicated by the outermost pyribolite layer and the
Frame Layer gneisses north of Gule Hav.

As mentioned earlier, the northern and southern flanks of the
overturned antiform can be traced eastwards across the Ankerbugtdal-
Lejrse fault. In the southern flank, west of this fault, the diopside-rich
pyribolite was seen to give way to finely banded gabbro-anorthosite.
This transition takes place along the strike and within one metre. East
of the fault, the pyribolite reappears in a more or less gneissified or
dioritised state. It is divided here into two parallel layers by a narrow
intermittent band of light gneiss, the development of which may be
related to a shear zone. The light coloured gneiss encloses a band of
magnetite-bearing skarn (19652). Just west of Krydsse some large barren
quartz veins are found in the pyribolite.
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In its complicated course around Trehgje, the innermost pyribolite
layer is transformed into a mixed gneiss which carries only a little more
basic material than the surrounding lithological units. However, map-
ping of small scale litho-structural features made it possible to trace the
layer continuously into the northern flank of the Smalledal structure.

The central gneiss layer of the Smalledal structure is a purple to
light gneiss, which contains small amounts of basic material and, around
Trehgje, scattered inclusions of gabbro-anorthosite. In the crest zone of
the western isocline it is very homogeneous.

The Irdal structure

Along its southern borders, the Irdal structure is separated from the
surrounding gneisses of the Frame Layer by a narrow band of pyribolite,
which in the coast section contains smaller bodies of ultrabasic rocks.
This thin layer grades eastwards into mixed gneiss, which can hardly
be distingunished from the underlying unit comprising mixed biotite and
hypersthene gneisses. This unit is characterised by banding on a rather
large scale (half a metre to several metres thick bands), fig. 38. The
individual bands, which are rather discontinuous, include dark agmatised
rocks, intermediate rock types, purple gneiss and hypersthene gneiss.
The darker components of the gneiss are generally composed of pyri-
bolite and its derivates or, more rarely, ultrabasic rocks. This rock suc-
cession is easily distinguishable from the gabbro-anorthosite-bearing
Frame Layer due to its predominant rusty brown colour. The banding
made it possible to trace the antiformal hinge zone indicated by the
underlying pyribolite right from the cirque of Irdal to Bortehgj. Within
this hinge zone, smallfolding is common.

The core of the Irdal structure is formed by a light coloured gneiss
with scattered small ultrabasic inclusions. It is separated from the
banded rusty brown gneisses by a more or less gneissified or granitised
composite layer of pyribolite. The granitisation is especially promi-
nent west of Irdal where the basic layer is cut at a small angle by a
shear zone.

West of Kipdal, another antiformal hinge zone is shown by the
oceurrence of an almost gneissified pyribolite layer (around the 84 m
hill). The core of this antiform is occupied by smallfolded to agmatitic
gneiss.

Central and Eastern Tovqussap nuni

The rocks which build up the central and eastern parts of Tovqussap
nunéd show great analogies to those described from the western region.
The only fundamental difference is that gabbro-anorthositic rocks are
very scarce in the eastern area. They have only been found at three
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Fig. 38. Banded gneisses near point 442, west of Hjornet (Irdal structure),
(Photo: GGU, A.B.).

localities and in close association with pyribolite; the localities are on the
east coast of the narrow inlet to Ilordlia, at Buedal and east-north-east
of Kronehgj.

In central and eastern Tovqussap nuna, the following structural
units may be distinguished: 1) The Pakitsoq antiform, the western flank
of which delimits the Tovqussaq dome, the Smalledal and the Irdal
structures. 2) The Flankepas synform which borders the Pakitsoq anti-
form to the east. 3) The Krebseso antiform which stretches from Kanger-
dlugssuit in the north to south of Krebsesa. 4) The Riddersporen synform
east of the Krebseso antiform. 5) The Dioritnees synform right on the
south-east coast.

The Pakitsoq Pyribolite and other rocks of
the Pakitsoq antiform.

The course of the Péakitsoq Pyribolite delineates clearly the northern
and central parts of the Pakitsoq structure which is a composite dis-
harmonious antiform. Within the bay of llordlia and between Vestsa
and Ostso the Pékitsoq layer forms two antiformal hinge zones which
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are separated by an intermediate synform, the Stjernese synform, the
closure of which is found just south of Stjernesa. East of the Pakitsoqelv,
the thick pyribolite contains a narrow layer of purple gneiss, which
increases considerably in thickness within the Stjernese synform where it
is developed as a very homogeneous biotite gneiss of light colour. In the
transition zone north of Ilordlia, the gneiss layer is squeezed out locally.
The western antiformal closure within the Péakitsoq Pyribolite lies on the
373 m mountain (south-south-west of Stjernese¢) and on its southern
slopes. The presence of this closure also explains the exceptional width
of the Péakitsoq Pyribolite in this region.

In the eastern antiform of the Péakitsoq structure, the median gneiss
layer is intricately folded together with the enclosing pyribolite which
here splits up into several layers. The most persistent of the ‘lowermost’
of these fades out into mixed or agmatitic gneiss before reaching the north
coast. Only the easternmost extends right to the coast,

The Pékitsoq Pyribolite is usually developed as a somewhat banded
rather fine grained rock (19273). South of Breddal, cale-silicate rocks
were found as intercalations in the western flank of the pyribolite. As is
usually the case along the Frame Layer, the pyribolite is also smallfolded
at this locality. Typical shearfolding may also be seen, fig. 39. Just west
of Stjernesg the smallfolding indicates a synformal structure within the
Pakitsoq layer. The branch forming the synformal closure at Glemte Hgj
consists of pyribolite which occasionally carries garnet. Ultrabasic rocks
are common as inclusions of varying size. The structural relations of
these ultrabasic bodies have not been studied in detail (as on Langg)
except north-east of Stjerness from where olivinitic and eclogitic rocks
have been described (35841, 35842, and 35843).

The hypersthene gneiss which forms the core of the composite
Pakitsoq antiform is developed as a rather mixed, banded to streaky
gneiss in the north (19274), but passes south into a very homogeneous
hypersthene-bearing granofels (35872) which may contain scattered
enclaves of calc-silicate rocks.

South of Ilordlia the antiformal structure may be traced over
Ganghgj to Itivinguaq. Here the antiform is no longer composite since
the discontinuous pyribolite layer south of Ilordlia is not affected by the
Stjerness synform. The gneisses overlying the Pédkitsoq Pyribolite belong
to the same succession which has been described previously as the Frame
Layer. In spite of careful search, no gabbro-anorthositic rocks have been
found within the gneisses of the Pakitsoq structure. The gabbro-anortho-
sitic enclaves south of llordlia are associated with the short pyribolite
layer. In the eastern flank of the big antiform, the gneisses become more
and more homogeneous towards north-north-east. South-west of Gang-
hgj a rather thick pyribolite layer reaches the east coast of Pakitsoq,
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Fig. 39. Shear folds in the Pakitsoq Pyribolite south of Breddal (Photo: GGU, A.B.)

but in the hinge zone of the antiform it passes into mixed gneisses and
cannot be traced further on. At Itivinguaq, two pyribolite bands, the
southern of which contains a prominent rust zone, are also developed
within the hinge zone. An amphibolitic band which can be traced into
garnet-biotite schist, has also been mapped across Itivinguaq in the
eastern flank of the antiform. Further towards south-west the Pakitsoq
antiform dies before the Qaqgarssunguit mountain is reached.

The Krebseso antiform and its flanking synforms

The complex nature of the Krebsess antiform may be recognised by
tracing the thick Krebsess Pyribolite. Following this layer from the
north coast (south-west of Kangerdlugssuit) towards Flankehgj, it can
be noticed that the pyribolite layer splits up into two parts in the steep
escarpment south of Buedal. The lower part closes antiformally on
Midterhoj and continues via Buedal and Rullefjeld to the north coast.
The upper part makes up Flankehgj proper and the southern slopes of
this mountain. It reappears east of Krebseso in some complex structures.
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Fig. 40. Sheeting in light coloured gneiss at Skiverne (Photo: GGU, A.B.).

Between the upper and lower parts of the Krebseso Pyribolite, a light
coloured gneiss layer makes its appearance. On Midterhgj it overlies the
partly gneissified and smallfolded lower pyribolite band. East of Krebse-
s@, it changes through purple gneiss into hypersthene gneiss, which latter
occupies the core of a peculiar hinge zone around the 350 m mountain.
North of Buedal, the same gneiss layer is locally developed as purple
gneiss, particularly on the north coast, where it encloses ultrabasic
boudins and a short band of garnet-biotite-sillimanite schist. Brecciated
and pegmatite-veined larger ultrabasic enclaves also occur on the slopes
north of Buedal.

The lower part of the Krebseso Pyribolite is underlain by another
mmportant gneiss layer. On the western flank of the antiform, on Skiverne
and around Buedal, it is developed as light coloured granitic gneiss.
North of Skiverne, transitions into purple gneiss are locally found
(19276, A and B, 19277, 19278 and 19279). Within the light coloured
gneiss, sheeting may be strongly developed, as on Skiverne, see fig. 40.
Here several large pyribolitic to amphibolitic enclaves are also found.
As far as can be judged from the smallfolding noticed within some of
them, they have retained their original position. In the eastern flank of
the antiform, the gneiss layer is made up of purple to in part hypersthene-
bearing mixed gneisses.
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Fig. 41. Closure of the Krebseso antiform at Buedal, viewed from north
(Photo: GGU, A.B.).

Underlying these gneisses, a discontinuous pyribolite layer delin-
cates the core of the Krebseso antiform. On the western flank, the pyri-
bolite overlies conformably a band of ultrabasic rocks (olivinite and even
dunite). In the closure, just south of Buedal, gabbro-anorthositic rocks
are associated with the pyribolite which here encloses several large ultra-
basic bodies (boudins), fig. 41. In the eastern flank the pyribolite layer
is partially sheared out. The actual core of the antiform is made up of
purple gneisses, which within the hinge zone pass into light coloured
granitic gneisses.

The occurrence of the conformable ultrabasic band in the lower part
of the pyribolite is a remarkable feature, since elsewhere in Tovqussap
nuné the ultrabasic rocks always occur as disrupted bands, boudins or
as accumulations within hinge zones (cf. Lange).

West of Flankehoj a synformal hinge zone is shown by a pyribolite-
diorite layer. The synform structure is also evident from the highly
smallfolded closure within an upper and thinner pyribolite band. This
thin layer can be traced into the broad antiformal Krebseso structure in
the escarpment south of Krebsess. Here it is more banded, smallfolded
and partly gneissified. To the east, on the slopes above Sangmissoq, it
can be followed into the Riddersporen synform.

The continuous trace of this thin layer is rather important, since it
helps in the understanding of the complex relations around Krebseso.
On the 300 metre ridge east of this lake, two hinge zones are found
within a thick pyribolite layer, which now can be correlated with more
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Fig. 42. Small scale structures in gneiss, escarpment south of Krebsesa
(Photo: GGU, A.B.).

confidence with the Krebsess Pyribolite (upper part). As will be shown
later, the northern hinge zone belongs to a refolded recumbent synform,
and we may expect that, due to refolding, it reappears under the west
part of Krebseso. This also means that the lower pyribolite-diorite layer
in the Flankepas synform is equivalent to the Krebseso Pyribolite (see
the map, Pl. 2).

Above the thin pyribolite which delineates the Krebseso antiform
and its two flanking synforms, another pyribolite layer has been mapped
continuously from the west coast of Sangmissoq to south of Pakitsoq.
Where forming part of the Krebseso antiform, this layer is strongly
banded and partly gneissified. Like other layers within the hinge zone,
it is cut by metre-broad granitic pegmatites. In the Flankepas synform,
the hinge zone is affected by the Gammel Lejrskar-Stjerneso-Krebseso
fault. Since the pyribolite closure reappears just north of the said fault,
a downthrow of the northern fault block has taken place.

On the northern slopes of Kronehaj a light coloured gneiss separates
the two above-mentioned pyribolite layers. Like the lower pyribolite,
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Fig. 43. Small scale structures in gneiss, near the locality pictured in fig. 42
(Photo: GGU, A.B.).

this gneiss is strongly smallfolded and the thin basic bands have been
disrupted, figs. 42 and 43. The style of this folding is somewhat reminis-
cent of the small scale structures described from the hinge zone on western
Tugdlerunarssuit (p. 91 and fig. 29), since at both localities the small-
folds are affected by more or less vertical zones of plastic movement. The
Kronehoj type may, however, represent a more advanced stage with
superimposed granitisation and deformation. Common to both types is
the universal axial parallelism in the structures, a feature which could
hardly be expected if the folds were developed by turbulent flow due to
anatexis.

The broad pyribolite layer of northern Kronehoj (the Kronehgj
Pyribolite) has also been mapped for a considerable distance. In the
Riddersporen synform it is divided into an upper and lower part by a
median gneiss layer. This latter wedges out on Riddersporen, where
biotite-garnet-bearing schist is developed along the south-eastern border
of the pyribolite. West of Kronehej, the pyribolite layer is only slightly
affected by the Flankepas synform. In the steep walls of the western spur



112 AsGER BERTHELSEN,. 1

of Kronehgj a tight closure, which takes the layer back across Kronehgj,
was mapped. North-east of Kronehgj, the Riddersporen synform causes a
renewed closure in the layer, which then continues more or less parallel
to the east coast until Itivinguaq.

The course of the pyribolite on Kronehgj shows that the Krebsess
antiform dies out here. The original pyribolite layer is strongly gneissified
and shows abundant folds, which all indicate a relative tectonic transport
towards west. Smallfolding is also prominent in the eastern synformal
closure where a few gabbro-anorthositic enclaves were found associated
with the partially gneissified pyribolite. East and north-east of Sardlup
gqava, the pyribolite layer contains a thin median gneiss band.

South of Kronehgj and east and west of Sardlup giva, more or less
mixed hypersthene gneisses are found, whereas the gneisses in the centre
of the structure around Sardlup qéva are very homogenous purple to
hypersthene-bearing types. At the lake, east of the said mountain, the
hypersthene gneiss contains small garnets.

East of Sardlup qiva and east of the Kronehgj Pyribolite mixed
in part hypersthene-bearing gneisses are found. They change into the
more homogenous purple gneisses and granofelses of the east coast
(14976, A and B).

At Dioritnes several thin pyribolitic to amphibolitic layers occur.
Their course describes a gentle synform, which may have formed part
of a large complex structure now hidden under the sea. This possibility
is suggested from the way the pyribolite layers split up and join, a feature
possibly controlled by isoclinal folding.



V. THE OCCURRENCES OF DIORITIC ROCKS

Structurally, the dioritic rocks of Tovqussap nund may be divided
into the following four groups:

1. Conformable layers and bands associated with pyribolite.

2. Semi-concordant to clearly transgressive bodies of lineated to almost
structureless diorite which have been formed by replacement prefer-
ably of pyribolite occupying hinge zones.

3. More irregular bodies and dykes, which in spite of their cross-cutting
nature, may have been formed by replacement processes.

4. Cross-cutting diorite aplites which may show dilational emplacement
tectonics.

All the mapped occurrences of dioritic rocks are shown on plate 2
by red shading. The mode of “mise en place’’ of the diorite being depend-
ent on regional as well as local physico-chemical conditions, the four
structural types may represent a succession in time, but need not neces-
sarily do so (cf. the Krebsess diorite below). As appears from the descrip-
tions to follow, the dioritic rocks were formed syn-, late-, or postkine-
matically in relation to a phase of folding occurring under granulite
facies conditions. Thus they were developed as pyroxene diorites. The
uralitisation and other retrograde alterations of the original pyroxene
diorites were related to a later deformation under amphibolite facies
conditions. In the following description of some of the typical occurrences,
most attention is paid to the pre-uralitisation features.

1. Conformable layers

As an example of a conformable diorite layer, the diorite band form-
ing part of the Great Pyribolite on the east side of Langs may be men-
tioned. A description of a sample from this band has been given above
(19137, Intermediate Division). Where studied in detail on northern
Langg, this layer exhibits a faint banding due to intercalations of leuco-
pyribolite and cale-silicate rocks as 1—10 cm thick bands. Discontinuous
rust zones have also been noticed. Close to the western contact with the

123 8
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enclosing pyribolite, abundant elongated basic and ultrabasic enclaves
and lenses are found. Usually they vary in size from 10 centimetres to
about half a metre. They all seem to be stretched (elongated) parallel to
the fold axis. The eastern contact with the pyribolite is very sharp, but
when traced in detail it may be seen to run in a zig-zag manner suggesting
that the two units were folded together. The ultrabasic enclaves of this
layer have previously been studied by H. SereNsEN (1953).

The following observations point to the synkinematic origin of this
diorite layer:

i. Its generally conformable relations and the foliated nature of the
rock.

ii. The isoclinal smallfolding of the thin basic schlieren enclosed within
the diorite.

iii. The apparent folding of the eastern contact.

iv. Pinch and swell and boudinage structures developed within the
diorite in bands of slightly different composition.

The last feature, which can hardly be explained as a ghost structure,
1s particularly good evidence of the synkinematic nature of the diorite.

2. Semi-concordant to transgressive bodies

The second group comprises the diorites found at the following
localities: Nordnor (Lange), Verdens Begyndelse, east of Qagssiarssuk,
south of Urenws, Gule Hav and Krebsess. Three of these localities have
been selected for more detailed description.

The Nordnor diorite, Langs

As indicated by the geological map of Lange (fig. 12), diorite is
exposed both north and south of the Nordnor. If the diorites in the two
areas are assumed to be connected under the sea, the total occurrence is
about 600 metres long and up to 100 metres broad. These dioritic rocks
and the conformable layer on the east coast have previously been men-
tioned as hypersthene-bearing, almost pegmatitic gneiss and hypersthene-
gneiss respectively by H. SoreEnsEN (1953). The dioritic nature of these
rocks was first detected by the present author in 1953. Samples from the
Nordnor diorite have been described above along with the rocks of the
Intermediate Division (19141 and 19145-three slides). They all consist
of more or less uralitised pyroxene diorite. The mafics—including the
pyroxenes—contribute to the lineation. In the field, the diorite is red-
brown on the weathered surface. In fresh specimens it is greenish grey
to more typically flesh coloured. The latter type owes its colour to the
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feldspar. Where it has been subject to retrograde alteration the diorite is
light or nearly white. Apart from the lineation, the dioritic rocks are very
homogeneously developed and display a distinctly ‘““plutonic” appearance.
They may contain scattered thin diopside-hypersthene-bearing veins.
Enclosed by the diorite and alien to this rock, scattered inclusions of
basic to ultrabasic rocks are found. Before the structural significance of
these enclaves is discussed, it may be useful to describe the contact
relations.

South of the Nordnor, the eastern contact is fairly well exposed. To
the south-east, the diorite is in contact with purple gneiss. The contact
is conformable, except where a wedge of gneiss locally extends into the
diorite. Along the contact plane a few centimetres thick medium to almost
coarse grained plagioclasitic rock with scattered hypersthene grains is
found. Because of the dip (ca. 60° to ENE) of the contact this transition
rock partially covers the steep eastern flank of the N—S ridge formed by
the diorite. Abundant thin rectilinear quartz-feldspar pegmatites, which
cut the contact plane, further complicate the relations.

Further to the north and again near the south coast of the Nordnor,
the diorite borders on pyribolite. No plagioclasitic transition zone is
seen here, but schlieren and small enclaves of the basic rock are found in
the neighbouring diorite.

North of the Nordnor, the contact is exposed along its entire length.
The diorite is bordered by a layer of calc-silicate-rich pyribolite (S of
fig. 12) which to the east is succeeded by a narrow layer of hypersthene
gneiss with smallfolded purple veins and basic schlieren. The diorite
close to the contact is somewhat heterogeneous, due to more pegmatitic
veins and patches which may also traverse the basic enclaves. To the
north the diorite becomes transgressive in relation to the skarn-rich
layer, which latter is seen to have been gradually “dissolved” into an
agmatitic breccia with rather angular fragments separated by more
coarse grained diorite (cf. BERTHELSEX, 1957, fig. 11).

The western contact is only exposed south of the Nordnor, where
the diorite overlies a light coloured flaser gneiss with a steep easterly
dip. Observations on the original contact relations are, however, difficult
to make since a mylonite with a lower easterly dip runs more or less
parallel to the contact. Where the mylonite makes a narrow angle with
the contact, several sub-parallel zones of movement may be found (fig. 44)
and here the original contact is preserved for a short stretch. However,
it 1s still difficult to trace, since the mylonitisation has been accompanied
by alterations resulting, amongst other things, in a bleaching of the
diorite. This locality is also of interest because of the occurrence of a
thin meta-dioritic aplite in the gneiss (fig. 44). This aplite has been
shear-folded in response to the mylonitic movements and transformed in

8*
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Fig. 44. Contact relations of the Nordnor diorite.

the same way as the surrounding rocks. It is cut by an undeformed
microcline-bearing pegmatite. Fig. 44 shows an attempt to reconstruct
the contact relations before the mylonitisation. This reconstruction
suggests that the aplite represents an apophysis originally given off from
the main diorite.

A little further to the south, an example of an older pegmatite is
found. It carries quartz, plagioclase, microcline and biotite. The last
mineral may form centimetre large flakes. This pegmatite is older than
the mylonitisation, since it has been kinetically sliced together with the
gneiss and the diorite. Presumably it was originally developed due to
migration of quartzo-feldspathic material derived from the gneiss into a
fracture within the diorite body. This mode of formation is suggested by
the flexure in the gneiss banding around the root of the pegmatite. A
similarly developed pegmatite in an ultrabasic rock from western Lange
was described above (cf. H. SorENseN, 1953, fig. 8).

The diorite south of the Nordnor contains scattered enclaves of
pyribolitic and ultrabasic rocks. Close to the western contact (just
described) these are about 10 centimetres across, but in the central
portions of the diorite they may attain a size of several metres. These
enclaves, some of which may be quite angular, seem to “float” in diorite
(fig. 45). The old internal fold structures of the enclaves are cut off by
the diorite and the lineation in the latter may trend obliquely to the
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Fig. 45. Enclaves in the Nordnor diorite.

border of the enclaves. Thus it might be inferred that these enclaves are
xenoliths or roof pendants. This, however, would not be correct.

As a first approach to the investigation of the spatial orientation of
the enclave structures in relation to those of the rocks surrounding the
diorite, the author measured the axes of the folds found in some of the
inclusions. These axes turned out to be parallel to those measured in
greater number within the enclaves of the agmatitic breccia north of the
Nordnor. They are also almost parallel to the axes measured in the sur-
rounding gneissic and pyribolitic rocks (fig. 13, BERTHELSEN, 1957), the
axes obtained from the enclaves showing a slightly larger and somewhat
more southeasterly plunge than those measured in the surrounding
rocks.

In order to decide whether this variation was fortuitous or not,
additional readings of the foliation within the enclaves were taken on a
later visit. These readings were obtained from the enclaves shown in
fig. 45, B and C, the only two enclaves which contained measurable
folds with an appreciable amplitude. Although not statistically valid,
this check indicated that the smallfolds measured agree with somewhat
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larger structures. Unfortunately the enclaves are too scattered and too
few to allow a reconstruction of the major structure of which the small-
folds undoubtedly once formed part. The structures in the surrounding
rocks indicate, however, that the Nordnor diorite occupies an antiformal
position (see page 72) and that the contacts of the diorite are therefore
more or less concordant. Taking these relations into account it seems
highly improbable that the scattered and often quite small inclusions,

Fig. 46. Stereogram of structures within the enclaves and in the surrounding rocks
(Wulff net, lower hemisphere, as in all succeeding stereograms).

which occur deep within the antiformally arranged diorite, represent roof
pendants.

Compiling the available structural data into a stereogram (fig. 46)
it becomes apparent that there really is a slight difference in the orienta-
tion of enclave axes and those measured in the rocks surrounding the
diorite. In fig. 46 the open circles indicate poles of foliation within the
enclaves, while the filled-out circles are foliation poles from the sur-
roundings. The axes with open heads were measured within the enclaves
— mainly north of the Nordnor. The axis with a dot in the head is con-
structed from the foliation poles defining the stippled great circle. The
axes with the black heads were measured in the surrounding gneisses and
pyribolites. There is a close agreement between the two axes maxima
and the corresponding zones of foliation poles.
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On Lange the fold axes vary slightly, the northern axes plunging
steeply to SE, while the southern plunge at a lower angle to SSE. This
variation may partly explain the difference in orientation of enclave
axes and the axes of the surroundings, since the readings of the former
come from northern Lange, while the latter were measured mainly in
central and southern Lange. There might also, however, have been a
slight original axial disharmony between the antiformal structure, now
occupied by the diorite, and its surroundings.

The fact that all the enclave structures have preserved their original
orientation parallel to each other remains unaffected by this problem
just discussed. The scattered and quite independent enclaves having
preserved their original position strongly suggests that the diorite was
formed by isospacial replacement processes — preferably from pyri-
bolite, to judge from the preserved relics.

Because of the smooth and rounded shape of the diorite ridge,
reliable measurements of the lineation in the diorite are difficult to obtain.
As far as could be ascertained, however, the lineation is oriented parallel
to the fold axes of the enclaves. The fact that the pyroxenes, hypersthene
and diopside, show preferred linear orientation suggests that this lineation
wag developed during the actual process of dioritisation. Thus the for-
mation of the diorite seems to have taken place towards the decline of
the movement which caused the folding now visible in the enclaves, i.e.
the dioritisation may be referred to as latekinematic. The transformation
of the pre-existing rocks into diorite must have been a process which did
not cause any significant increase in plasticity. Otherwise, the angular
enclaves would have been oriented according to their outer shape. The
original predominance of water-deficient minerals in the diorite also
suggests that the dioritisation was a rather dry process which took place
under granulite facies conditions.

It should also be stressed that the composition of the enclaves is
always more basic than that of the enclosing diorite. Leucocratic rocks
may be in contact with diorite, but have never been found as enclaves
within this rock. This applies also to all the other dioritic rocks of Tov-
qussap nund. In the author’s opinion, it supports the idea of a metaso-
matic origin of the diorites, since leucocratic xenoliths are quite often
found in basic igneous rocks derived from magmas which would be hotter
than, and in many cases just as dry as, a dioritic magma.

The diorite at Verdens Begyndelse

The location of this occurrence may best be seen from fig. 11. Petro-
graphically, this diorite resembles the Nordnor diorite, but may be slightly
more coarse grained. Besides basic and ultrabasic inclusions, gabbro-
anorthositic to pure anorthositic enclaves are commonly found at Verdens
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Fig. 47. Enclave structures in the diorite at Verdens Begyndelse.

Begyndelse. To avoid any confusion, it should be stressed that these
anorthositic rocks, on account of their caleic plagioclase and fine, granular
texture, are easily distinguishable from the plagioclasitic rocks which,
for example, are associated at Dioritnes with the dioritic rocks. The
anorthositic rocks at Verdens Begyndelse correspond completely to the
anorthositic to gabbro-anorthositic enclaves found in the surrounding
gneisses. Very similar anorthositic enclaves have also been described
from a diorite body south of Godthaab (BErTHELSEN, 1955).

At Verdens Begyndelse, only the eastern contact of the diorite can
be studied, the western being covered by the sea, the southern fault-
determined and the northern occurring on an inaccessible cliff. To the
east, banded, streaky to smallfolded gneisses border with a conformable
but sharp contact on the diorite. The gneiss dips steeply to the east, the
smallfolding being nearly isoclinal.

The abundant enclaves within the diorite seem at first sight to be
quite haphazardly arranged, but a closer study revealed that they are all
arranged in an orderly way. Due to their relatively small size (10 cm to
about half a metre), they seldom show internal fold structures, in con-
trast to the enclaves at the Nordnor. Only their overall arrangement
betrays the existence of a relic fold pattern, which is characterised by
nearly horizontal NW—SE trending axes and a very complicated style
with development of recumbent smallfolds, fig. 47. Once understood, this
pattern, forming a gentle antiformal arch, may be traced throughout the
diorite. When the eastern gneiss, which occupies the flank of this struc-
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ture, is met, the complicated hinge style is overprinted by a younger
folding causing the steep easterly dip. This younger folding corresponds
to the superimposed small scale structures described from the Pas Pyri-
bolite south-west of Kolbeso (see page 79). East of the diorite border a
small isolated outerop with a very interesting rock association is found,
fig. 48. Smallfolded gabbro-anorthositic to pure anorthositic bands are
enclosed here in and more or less replaced by a dark brownish hyper-
sthenite, which latter, when compared with the surrounding banded and
enclave-bearing gneiss, has taken the place structurally of the gneissic
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Fig. 48. Hypersthenite associated with the diorite at Verdens Begyndelse.

component. The hypersthenite not only destroys the fold pattern and
is uninfluenced by deformation, but also may form small transgressive
veins in other parts of the outcrop. Where the gabbro-anorthosite bands
are more or less replaced by the hypersthenite, a transformation of the
former into granular norite may be noticed. The formation of the hyper-
sthenite, therefore, is undoubtedly a process which is younger than or
at least outlasted the nearly isoclinal smallfolding of the gabbro-anortho-
sitic bands. This conclusion may have some bearing on the dating of the
neighbouring dioritisation. In the outcrop described, there is exposed
a “negative”, so to speak, of the process of dioritisation. Knowing that
the dioritisation (at Dioritnes, see below) was accompanied by a con-
temporaneous segregation, which lead to the formation of ultramafic
schlieren and ultrabasic pods within the diorite, the author is inclined to
consider the “ultrabasification” and the dioritisation at Verdens Begyn-
delse to be closely related. The formation of the hypersthenite may,
however, belong to a late stage of the dioritisation. The preservation of
the complicated hinge zone structures within the main diorite at Verdens
Begyndelse suggests that the dioritisation here occurred more or less
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contemporaneously with the youngest folding which caused the refolding
in the eastern banded gneisses. As indicated by the undeformed hyper-
sthenite veins the metasomatic processes may have outlasted the re-
folding locally. In consequence, the dioritisation at Verdens Begyndelse
may be dated as latekinematic.

The Krebseso diorite

From a structural point of view, the diorite occurrence at Krebseso
may be divided into two parts.

i. The conformable diorite layer found within the Flankepas syn-

form north-west of the lake.

it. The locally transgressive diorite, which occurs within the hinge

zone of the Krebsesg antiform, south of the lake.

The diorite of the western synform is developed as a thick layer
which overlies pyribolite. Close to the border against the diorite, the
pyribolite contains several ultrabasic lenses.

The diorite occupying the hinge zone of the Krebsesg antiform
has a direct structural connection with the conformable layer, but
exhibits quite different border relations. In the small lobe-shaped fold
south-west of Krebsess, the diorite is more melanocratic than usual.
Possibly some older ultrabasic rocks were involved in the dioritisation at
this locality. East of this smaller fold, a younger fault marks the border
of the diorite for about 300 metres. Further east the diorite transgresses
upwards and, in the shape of clean cut dykes, reaches the overlying thin
pyribolite layer. In the few metres thick dykes the diorite is more fine
grained than usual. Where cut by the dykes, the thin pyribolite layer is
strongly folded and the competent ultrabasic inclusions are rotated.
Tracing the dykes downwards on the escarpment, the author found that
they passed gradually into the underlying diorite. On the larger point
on the south coast of the lake, several amphibolitic and pyribolitic
enclaves were found in the diorite. Judging from the orientation of the
foliation within these enclaves, they all seem to be in their original
position. On the northern tip of the point and small island east of it, the
diorite carries some quartz. This could be explained by a retrograde
influence from the younger fault nearby.

Structurally, the Krebseso diorite takes the place of the Flankehg]
Pyribolite. The greater part of the diorite has undoubtedly been formed
by in situ replacement of this layer, but the diorite so formed has also
been capable of transgressing through the overlying gneiss layer into the
thin pyribolite (as seen in the mountain wall south of the lake).

During its transgressive phase the diorite migrated in some way or
another into fractures in the overlying rocks of the hinge zone. This
migration took place when the overlying rocks had lost their ability to
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yield by plastic deformation. Since the dioritisation is not only lithologi-
cally but also structurally controlled, the process may be dated as late-
kinematic.

As mentioned in the beginning of this chapter, the different modes of
occurrence of the dioritic rocks depend on the physico-chemical conditions
prevailing during their formation. The different types, conformable
layers, semi-concordant to transgressive bodies, irregular bodies, dykes
and aplites may correspond to a succession in time (syn-, late-, to post-
kinematic), but local variations around or within one and the same
occurrence may also cause the simultaneous development of several of
the types. The Krebseso diorite serves as an example of an occurrence
with variations in the local environment. The shear-folded aplite west of
the Nordnor diorite (fig. 44) was most probably developed at the same
time as the main body of diorite. This latter, however, is cut by younger
dioritic dykes and aplites which reflect a changing regional environment
(cf. fig. 55).

3. Irregular bodies and dykes

The group of more irregular bodies and dykes comprises the follow-
ing occurrences: the Kosakfjeld, the Ankerbugtelv, the Lille Ekkodal
occurrences, the Dome dyke (south of Tovqussaq Mt.) and the Dioritnoes
oceurrence.

The Kosakfjeld diorite

This occurrence is about 400 metres long and about 100 metres
broad. The main rock is uralite diorite, (4042, 13416). The body is elon-
gated in a northeasterly direction. The northern end abuts on one of the
Ankerbugtdal faults with a considerable drag close to the fault which
here dips at about 55° SE. Just west of the top of Kosakfjeld (143 m)
a large ultrabasic body is enclosed in the diorite. On the south-west
facing slopes of the mountain, the diorite contains several quite irregular
pyribolitic enclaves, which may be more than ten metres large. These
ultrabasic to basic enclaves are “‘exotic” blocks, since—unless it is pos-
tulated that the Little Pyribolite describes a complex fold in the area
now covered by the Ankerbugt and Inderhavn—the presence of these
rocks right within the Frame Layer cannot otherwise be accounted for. The
drag against the Ankerbugtdal fault indicates that the eastern fault block
has been shifted to the north and it seems unlikely therefore that the
Kosakfjeld diorite has ever been connected with the dyke-shaped diorite
occurrence west of the Ankerbugtely. Instead of attempting risky
reconstructions, the author prefers to leave the problem of the provenance
of the enclaves at Kosakfjeld unsolved. It should be added that the field
observations do not allow the enclaves to be interpreted as transported
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xenoliths. In the giant agmatite formed by the basic enclaves, the
replacive nature of the diorite can easily be seen.

The Ankerbugtelv diorite

This occurrence 1s poorly exposed, but seems to be dyke-shaped. In
the field the impression was obtained that, in the Great Pyribolite, the
dioritisation had operated quite irregularly within the “dyke”, thereby
causing the formation of a large scale agmatitic structure with pyri-
bolitic enclaves of all sizes surrounded by rusty brown diorite.

The Lille Ekkodal diorite

Oceurring in the steep cliffs north of the valley, this is rather in-
accessible. The lower part of the slope is covered by gravel and scree
from the easily weathering dioritic rocks.

The Dome dyke

This dyke (north of Qaersup ilua) can be traced for more than two
kilometres from the north-west of Qaersup ilua to south and east of
Tovqussaq Mt. Thus it cuts across the northern part of the dome and
traverses the Frame Layer before it ends at the Great Pyribolite. All
along its course the dyke seems to be vertical or sub-vertical. The width
varies from three to well over ten metres. Due to the crumbling nature
of the diorite when exposed to weathering, and the distinct yellow-brown
to rusty colours of the gravel, the dyke can be seen on aerial photographs
(except within the core rocks of the dome) in spite of its relatively smali
thickness. Where the core rocks are granitised, the Dome dyke is trans-
formed into quartz-bearing biotite diorite. In the Frame Layer, the dyke
rock is pyroxene to uralite diorite. East-south-east of Tovqussaq Mt.
the dyke dies out, but continues again in several short lens-shaped bits.
The irregularities are too random to be called en echelon structures.
Branching of the dyke has also been noticed. In the same region it was
observed that the lineation and trend of the enclosing gneiss could also
be found within the diorite, here indicated by the preferred orientation of
the mafic minerals. Another interesting feature deserves to be mentioned.
As shown on the map of PL. 1 the Dome dyke cuts the Interior Pyri-
bolite, but traverses neither the Little Pyribolite nor the Great Pyri-
bolite although occurring between them.

All these features could be explained by assuming that the diorite
dyke was formed by replacement of the wall-rock around an initially
somewhat irregular joint or fissure. Such an origin would explain the
leucocratic composition of the Dome dyke.
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Fig. 49. Geological map of the Dioritnas diorite.

The occurrence of diorite at Dioritnzes

Dioritnas, a small promontory on the south-east coast of Tovqussap
nund, has been named from an interesting occurrence of dioritic rocks.
The promontory consists of low rounded hills separated by strike- and
fault-valleys. Except for the coast section, the exposures are not very
good when compared to the general high standard of the outcrops within
the Tovqussaq region. The diorite has weathered into a coarse gravel
which covers the hill slopes and fills the valleys.

During his visits to this locality in 1953 and 1954, the author formed
the impression that the diorite and associated rocks occurred as a con-
formable body formed by replacement of pre-existing amphibolitic rocks
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where these occupied a hinge zone (BeErTHELSEN, 1957, fig. 12). When,
in 1957, the author revisited the locality to study more closely the orbi-
cular rocks found here earlier, he soon realised that in places the diorite
behaved as a transgressive body. The promontory, therefore, was re-
mapped in 1:10.000. The resulting map is shown in fig. 49 on a reduced
scale.

The external structure of the diorite

From fig. 49 it may be seen that the diorite forms an irregularly
shaped dyke. The contact with the surrounding rocks, gneisses and
pyroxene amphibolites, is neat and in several places clearly cross-cutting.
To the east, in the coast section, the dyke is vertical, but further inland
it dips to the south-west, as can be read from the map where the con-
figuration of the dyke is controlled by the small hills. The dyke swings.
into an almost northeasterly strike to the north of an isolated hill (just.
above 50 m) on the promontory. As far as the exposures and the low
topography enable one to judge, the dyke here has a medium to steep
southeasterly dip. To the west, the dyke splits into a short southern
branch which dies out before it reaches the coast and a somewhat more
persistent northern part. The exact termination of the latter could not.
be mapped, as outcrops are scarce in this area.

A separate body consisting of quartz-diorite was moreover observed
on the coast south-west of the main occurrence. Inland, the quartz-
diorite wedges out, but seawards it may well continue as a dyke below
the sea.

The internal structures of the diorite

A division of the internal structures can be made into: a) structures
inherited from older rocks, and b) structures developed along with or
later than the formation of the diorite. The first group comprises struc-
tures within inclusions of older rocks in the diorite. Two larger inclusions.
of pyroxene amphibolite are seen in the northern part of the main dyke,
see fig. 49. The foliations measured within these inclusions conform well
with the gentle synform formed by the surrounding rocks. The outcrop
with the orbicular diorite, which will be described and discussed indepen-
dently below, is found in the southwestern continuation of these inclusions.

In the well exposed coastal cliffs more detailed studies could be
carried out on the main dyke. About ten metres from the eastern con-
tact, several seemingly irregularly orientated inclusions of pyroxene
amphibolite are found (fig. 50). A closer analysis of the orientation of the
foliation within these inclusions revealed, however, that the foliation
shows a well defined relic fold structure. This becomes very clear when
the inclusions are viewed in the direction of the fold axis of this structure.
Otherwise, the orderly arrangement is difficult to understand as the axis
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Fig. 50. Amphibolitic enclaves with light reaction rims, Dioritnas (Photo: GGU, A.B.).

is more or less parallel to the slightly undulating surface of the exposure.
A nearby vertical surface gives a better impression of the orientation
and allows one to state that the leuco-amphibolitic inclusions really are
inclusions, i.e. are separated by diorite, and not pseudo-inclusions
(BErTHELSEN, 1957, fig. 14).

These observations are very important as they imply that the diorite
separating the inclusions has been formed by replacement. In an attempt
to decide if the fold structure preserved within the inclusions conforms
structurally to the folds of the surrounding rocks, measurements were
taken of the foliation seen in some of the inclusions. These readings are
plotted in stereogram V of fig. 58 together with readings on foliations
and axes from the surrounding gneisses and pyroxene amphibolites.
Although the total number of readings is rather small, a pattern of two
nearly parallel axes and a dispersed zone around the two correponding
great circles becomes evident. The foliations measured within the pyro-
xene amphibolitic inclusions are all grouped within this zone.

This seems to indicate that the relic fold structure occurs in situ
within the diorite dyke and in consequence that the diorite has been
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formed by isospacial replacement processes, even if the external shape
of the dyke points towards a magmatic intrusive mode of emplacement.

For comparison the readings on the banding (deseribed below) seen
in the diorite have been plotted in addition, fig. 58, V. These structures,
which can be dated as having been developed along with the formation
of the diorite and which bear a close relationship to the dyke-shape of
the diorite, cannot be matched with any pre-existing structures.

It may be argued that from a statistical point of view the total
number of readings is far from being sufficient to permit the conclusion
drawn above. However, when applied to structures defined otherwise
(e.g. by marker horizons), the stereographic method may be used safely,
when few but varied readings permit a zone (great circle) to be defined.

Apart from scattered occurrences of smaller amphibolitic inclusions,
inclusions of another type were noticed in the central parts of the dyke.
These consist of homogeneous ultrabasic rocks and therefore could not
supply any evidence to the problem discussed above.

The structures which were formed along with and later than the
formation of the diorite comprise internal variations in composition of
the dyke, a peculiar type of banding and a foliation. In the coastal sec-
tion, a zone about 1 m wide of anorthositic rocks occurs along both con-
tacts. At the eastern contact, which can be studied best, the purple,
homogeneous gneiss contains, close to the dyke, small (10—20 cm),
elongated lenses of anorthosite. The lenses of anorthosite within the
older “wall rock” pose a problem, if a magmatic origin is claimed for the
diorite dyke.

The anorthositic border gradually passes into the main rock of the
dyke — the diorite, which here contains mafic schlieren up to 1m long
elongated parallel to the contact. Further to the west, the diorite is very
homogeneous but exhibits all the same a weak but measurable foliation
due to the arrangement of the mafic minerals. This diorite encloses the
group of pyroxene amphibolitic inclusions described above. Where the
diorite borders these inclusions, a narrow reaction zone (1—2 em), with
a more pegmatitic leuco-dioritic rock, is seen.

The western parts of the dyke provide a spectacular display of very
different rock types and structures. Rocks ranging in composition from
pure anorthosite to ultrabasite are found, and banding may be developed.
In one place a transition from diorite into ultrabasite is seen. The inter-
mediate stage is represented by a speckled diorite with the feldspar form-
ing light coloured round spots (2--3 em in diameter). The ultrabasic
rock contains an amphibolitic inclusion similar to those found in the
surrounding diorite. The impression is thus obtained that the ultrabasic
type has formed by a segregation process and can be compared to the
mafic schlieren referred to above. It has, however, no genetic connection
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Fig. 51. Banding in diorite, Dioritnees (Photo: GGU, A.B.).

with the scattered inclusions of ultrabasite which, like the amphibolitic
inclusions, seem to be untransformed relics of pre-existing rocks.

Banding occurs in different types of development. One type is
caused by increasing content of mafics across the band and resembles
graded banding. Another type is brought out by a change in composition
between different layers. The origin of the banding is rather obscure.
Although locally it is well developed, as pictured in the photograph fig.
51, no continuous system could be seen in these structures. At one place,
the graded banding is caused by an increase of light coloured minerals
upwards while close by the dark coloured minerals increase upwards within
a band. The only general feature noticed is that the banding seems to be
parallel to the foliation which is occasionally displayed by the diorite.

Since all these features are caused by variations in mineral com-
position of the diorite or by preferred orientation of the minerals of the
diorite, and since they are influenced structurally by the outer shape of
the diorite, they must have been formed along with and possibly slightly
later than the formation of the diorite.

123 9
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Petrography of the Dioritnees rocks

The investigated samples from Dioritnes will be described in the
following order:

First the “wall rock”, a light purple gneiss sp. 14966. Then the
anorthositic border rock sps. 14970 and 14969, and later on the pyroxene
diorite (14971) which contains ultramafic schlieren (19649). 14967 a
represents the pegmatitic reaction zone between diorite and the leuco-
amphibolitic inclusions (14967b). A melanocratic speckled diorite (14975)
is next described. This passes into the ultramafic rock containing an
amphibolite inclusion (35828).

The specimens 19648, 19656 and 35826 belong to the orbicular phase
of the diorite.

19650 originates from the isolated quartz-diorite occurrence south-
east of the main dyke.

The wall rock of the diorite dyke is a light purple gneiss of rather
leucocratic composition. It is medium grained and shows a well developed
open foliation. The minerals are feldspar, quartz, some biotite, a little
hornblende and accessory apatite and ore. The foliation is indicated by
seams of scattered stumpy flakes of yellowish to olive green biotite. A
few relics of a spongy bluish green hornblende, partly replaced by biotite,
in diablastic intergrowth with quartz may also be seen. The allover tex-
ture is lobate hemi-granoblastic. The feldspar comprises poorly twinned
plagioclase (ca. 25 9/, An) and microcline, which generally form a coarse
diablastic intergrowth. Mesoperthite grading into diablastic intergrowth
was also noted.

The gneissic wall rock may thus be classified along with the tran-
sitional type between the purple gneiss and the light coloured gneisses.
In the present case, no deformation seems to have accompanied the
recrystallisation.

The anorthositic border-rock. Of the two specimens, 14970
was taken closest to the contact. It is a violet, medium to coarse grained
rock with a saccharoidal granoblastic texture. The minerals are plagio-
clase, with an An content of about 359/, and very small amounts of
hornblende, biotite, quartz in addition to apatite and ore. Minute grains
of clinozoizite and sericite occur in the slightly altered plagioclase. The
hornblende is opt. neg. and pleochroic from X: yellowish to Y: deep
green and Z: deep greenish blue. The biotite is pleochroic from almost.
colourless to olive green. Most of the hornblende and the biotite seem
to have been formed by replacement of primary pyroxene, possibly
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hypersthene, judging from the parallel extinction of some relics and the
stout prismatic shape of the pseudomorphs. Quartz occurs as small
grains or in vermicular intergrowths with the uralitic hornblende.

The other specimen (14969) consists of a rather dark, violet to bluish
grey rock of medium to coarse grain and with a granoblastic texture.
Faintly antiperthitic plagioclase, which may show a slight normal
zoning in the larger grains (33—38 %/, An), constitutes more than 95 ¢/,
of the rock. Hornblende, biotite, some relic hypersthene and diopside,
quartz and accessory apatite, zircon and ore, together with secondary
scapolite, calcite and saussurite-minerals make up the remaining 5 ¢/,.
The relic diopside and hypersthene grains are rimmed by hornblende and
in some cases by an extra rim of biotite. The uralitised hypersthene is
packed with minute ore grains and once seems to have formed idioblasts,
while the original outlines of the diopside seem to have been xenoblastic.
The hornblende closely corresponds to that of specimen 14970. The bio-
tite is olive green where associated with the uralite, but yellowish to
deep grey-brown when surrounded by plagioclase.

The pyroxene diorite. (14971). This is a coarse grained rock
with an uneven granoblastic texture. An acid andesinic plagioclase con-
stitutes about 659, of the rock. The rest is made up of diopside,
hornblende, hypersthene, biotite, quartz and ore. The diopside is greenish
and pleochroic with schiller inclusions. The hypersthene is pinkish and
faintly pleochroic. One grain of hypersthene is partly surrounded by a
thin rim of diopside. Both pyroxenes may be replaced by a hornblende
which is opt. neg. and pleochroic from X: yellowish green to Y: olive
green and Z: (faint bluish) green. The greenish to brown biotite only
ocours in a few grains.

This rock contains:

The ultramafic schlieren (19649). These are formed of a dark,
coarse grained rock with a decusate texture. The minerals are hypers-
thene, which makes up about 2/3 of the rock, quartz, hornblende,
andesine, biotite and ore. The hypersthene is pleochroic from pink to
greenish and forms fairly hypidiomorphic grains. Quartz and andesine
occur interstitially in relation to the hypersthene. The quartz shows
undulate extinction. The hornblende is opt. neg., pleochroic (from X:
yellow-green, to Y: green and Z: brownish green) and forms xenomorphic
grains. The pleochroic biotite (yellowish to red-brown) exhibits almost
poikiloblastic outlines.

Where diorite contains pyroxene amphibolite inclusions, a thin
pegmatitic reaction zone surrounds the inclusions,

g*
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This reaction zone (14967a) shows a coarse grained rock of dark
grey colour with an uneven granoblastic texture. More than 90 °/, of
the rock consists of an antiperthitic plagioclase (ca. 35 9/, An). Diopside
occurs in stout prismatic grains rimmed by hornblende or wholly replaced
by hornblende and biotite, both of which seem identical to those des-
cribed from specimen 14969,

Specimen 14967b, which represents the pyroxene amphibolite
inclusions, consists of plagioclase, hornblende, diopside and hyper-
sthene. The hornblende: pyroxene ratio just allows the application of
the term pyribolite to this rock. It is medium to fine grained with a well
developed lineation of the hornblende. Under the microscope, however,
the preferred orientation of the hornblende is less striking, since it only
affects some (about one third) of the grains. The general texture is grano-
blastic with an almost reticulate arrangement of lobate mafic grains
around aggregates of saccharoidal plagioclase. Small more idioblastic
grains of hornblende may be found within these aggregates. The pale
greenish grey diopside often surrounds the pink hypersthene. The
yellowish to brownish green hornblende seems to have corroded the
pyroxenes. Furthermore, thin more bluish green uralitic rims are found
on some pyroxenes. Ore forms a rather important accessory. Small
flakes of red-brown biotite have in places grown on the ore grains.

The diorite containing the amphibolitic inclusions passes westwards
into melanocratic speckled diorite (specimens 14975 and 14972).
This variety is made up of 3—5 em large plagioclase grains which con-
tain scattered hypersthene crystals (1 cm approx.) and stumpy diopside
grains (ca. 1/2 cm). The large feldspar grains are separated by saccharoidal
plagioclase and concentrations of mafic minerals. Slender prismatic and
idioblastic hornblende grains up to 2 cm long interweave the rock in a
haphazard arrangement. The hornblende needles also intersect the larger
and more stumpy pyroxene grains. The hornblende in its turn may be
replaced by slender flakes of a transparent to yellow or orange brown
biotite. The hornblende is pleochroic from X: greenish yellow to Y:
brownish green and Z: olive green; ¢ A Z varies from 25 to 35° and 2V
from 58 to 40. The plagioclase shows deformed twin lamellae, but seems
also to be zoned. In the large poikiloblastic grains it is more calcic around
the idioblasts of hornblende, as far as can be judged from the extinction
angles. The zoning seems to take place within the compositional range
of an andesine.

With the gradual disappearance of the plagioclase speckles, the
melanocratic diorite passes into an almost ultramafic variety which
contains small inclusions of amphibolite.

This amphibolite (35828) is medium to fine grained and shows a
weak lineation. Otherwise the texture is saccharoidal granoblastic. The
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Fig. 52. Outcrop of orbicular diorite, Dioritnaes (Photo: GGU, A.B.).

minerals are plagioclase (ca. 50 °/,), hornblende (ca. 40 °/,), diopside and
accessory biotite, apatite, zircon and ore. The plagioclase is a normally
zoned andesine. The yellow-green to olive and almost bluish green horn-
blende contains some clear patches of relic diopside.

The orbicular diorite

The outcrop with orbicular diorite (fig. 52) is situated within the
northern anorthositic border rock which at this locality shows a greater
thickness than on the coastal section described above.

The orbicular rock contains elongated orbicles with an average size
about 4 x 8 cm. The nodule rock is greenish to brownish grey and medium
grained. The orbicles are contained in a slightly more coarse grained
bluish grey rock, which seems to separate even the most closely packed
orbicles.

All orbicles show a zonal arrangement with an outer “crust” and
an inner ‘“‘core’’. The thickness of the crust may only be a few mm in
some orbicles and 1—2 c¢m in others but in both cases a radiating arrange-
ment of the mafics within this peripheral zone may be noticed. The core
consists of a granular-textured rock in all the sectioned nodules (19648,
19656 and 35826).
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In the following, the inter-orbicular rock, the ‘“‘crust” and the
“core’” will be described.

1. The inter-orbicular rock.

The inter-orbicular rock is a coarse to medium grained biotite
diorite. The minerals are plagioclase, biotite, quartz, a little hornblende
and accessory apatite, zircon and ore. In addition interstitial calcite has
been observed.

On the sectioned surface of sp. 19648 a concentration of biotite in
irregularly arranged aggregates is seen along a line running between the
two orbicles. In a slide covering the same area, mortar seams were also
noticed along this line. The surrounding biotite shows strain features.
Locally, aggregates of smaller biotite flakes build up polygonal arches,
but elsewhere no overall pattern in the orientation of the biotite can be
discerned. The local development of the arch-shaped aggregates may have
been produced by recrystallisation of large, formerly bent biotite flakes.
The plagioclase is andesinic (34—35 ¢/, An). The biotite is pleochroic
from pale yellowish to dirty brown or almost black. Quartz occurs in a
few large grains within the mortar seams and as vermicular to parallel
intergrowths with biotite.

From the above description it may be concluded that mainly post-
crystalline movement between the individual orbicles has taken place.

2. The crust of the orbicles.

The minerals found in this rock type are plagioclase (An ca. 40 9/,),
hypersthene, biotite, a little diopside, hornblende, quartz and accessory
ore. A little secondary interstitial calcite is also seen. The texture is
dominated by the pyroxene which occurs in more or less parallel elongated
grains, sometimes forming chains which stand out from a background of
an extremely amoeboid mosaic of plagioclase.

The pinkish hypersthene is surrounded by a thin rim of transparent
diopside, the cleavage of which is parallel to that of the hypersthene.
The extinction of the hypersthene is generally oblique to the elongation
of the grains, but neighbouring grains or groups of grains may show the
same or nearly same optical orientation. The impression is obtained that
the hypersthene is only present as a relic of former larger glomeroblasts.
In this case, the highly interlocking amoeboid plagioclase grains must
have replaced pyroxene. The peculiar texture of the plagioclase indicates
that such transformations (if real) took place under very quiet conditions.

In addition, bluish green hornblende and nearly colourless to olive
green biotite is seen to replace the hypersthene. In a few places the horn-
blende also forms a thin rim on the diopside fringing the orthorhombic
pyroxene. Where biotite replaces hypersthene the small flakes are gene-



I Structural Studies in the Pre-Cambrian of Western Greenland. 135

rally arranged parallel to the cleavage of the hypersthene, but they may
also intersect the latter obliquely. In the latter case, the biotite contains
vermicular to parallel intergrowths of quartz.

Quartz also ocours as amoeboid grains together with plagioclase but,
in total, is found in smaller quantities than in the inter-orbicular rock.

3. The core of the orbicles.

The core is composed of plagioclase (35—40 9/, An), hornblende,
biotite, a little quartz and some relics of hypersthene besides accessory
apatite and ore. Furthermore, interstitial calcite is found. The texture
is hetero-granoblastic. The hornblende is opt. neg. and pleochroic from
X : pale yellowish to Y: emerald green and Z: greenish blue. It occurs as
large xenoblastic grains formed at the expense of hypersthene, which is
only found as a few reliecs. Some hornblendes show a complicated inter-
growth with vermicular quartz. The pale vellow-green to green biotite
replaces the hornblende and forms irregular flakes and aggregates together
with calcite and quartz. The latter mineral also occurs interstitially
within the granoblastic plagioclase. In one orbicle a 2 cm large porphyro-
blast of plagioclase was found in the very centre.

Summarizing this description, it can be said that the inter-orbicular
rock shows a somewhat higher content in quartz than the crust but
corresponds rather closely in this respect to the core of the orbicles. The
biotites of the inter-orbicular and the orbicular rock types show differences
in pleochroism which may reflect differences in composition. The plagio-
clase of the crust is slightly more basic than that within the matrix between
the orbicles while the plagioclase of the core takes an intermediate position.

Various processes of replacement and recrystallisation can be guessed
at, inferred or observed, the youngest replacements naturally being the
most evident. These are uralitisation and biotitisation of the pyroxene,
which are features common to both the orbicular and the normal diorite.

The origin of orbicular structures has been a subject of controversy
for a long time. The author does not want to enter such discussions, but
all the same, he would like to point out one possible mode of origin for
the Dioritnes orbicular structure. This idea was born during the field
work, when the replacive nature of the diorite was detected. As men-
tioned earlier, there occur some inclusions of amphibolite east of the
outcrop with the orbicular rock. Still further to the east, outside the
dyke, a thin amphibolite layer can be traced to the coast. In the coast
section, this layer is seen to contain a lenticular inclusion, about 5m
broad, of ultrabasic rock.

This small body of ultrabasite consists of a core of greenish brown,
medium grained rock (19651—1) with about 50 ¢/, olivine, 30 ¢/, ortho-
pyroxene, 15 %/, phlogopite, 5°/, calcite and ore. This rock is cut by
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2—3 c¢m thick veins consisting of a central part formed of diopside and
borders of orthopyroxene. Surrounding the core, hypersthenite (19651--2)
with a composition of about 90 °/, hypersthene, 7 ¢/, phlogopite, 3 %/,
calcite, quartz, feldspar, biotite and ore is found. Within this rock a
variety occurs which contains porphyroblasts attaining a size of 5 to
almost 10 cm in length. They (19651—3) consist of an intergrowth of
diopside and hypersthene of amoeboid character, with a preferred
elongation of the hypersthene resembling very much the occurrence of
this mineral in the crust of the orbicular rock described above. Small
quantities of quartz, mesoperthite and red-brown biotite occur as irregular
grains seemingly replacing the pyroxene intergrowth.

A thin zone rich in green hornblende and biotite separates the ultra-
basic rock from the surrounding amphibolite.

If a similar porphyroblastic ultrabasic rock had occurred within the
amphibolite now replaced by the diorite; the replacement of the large
porphyroblasts may have given rise to an orbicular structure, each
porphyroblast functioning as a small body of ultrabasic rock which
became surrounded by reaction zones developed during the replacement
process. This theory may be supported by the above-mentioned textural
similarities between the hypersthene in the crust of the orbicles and the
unreplaced porphyroblasts. The general elongated shape of the orbicles
would thus be directly inherited from the parent porphyroblasts.

4. Cross-cutting aplites

Dioritic and meta-dioritic aplites have been observed at various
localities in Tovqussap nuné. They were first detected in connection with
the detailed mapping of Lange, on which island they are quite common.
Later on they were found north and south of Qaersup ilua and at Diorit-
naes. Although their distribution may depend on the occurrence of larger
dioritic bodies, it is very possible that a more thorough search throughout
the whole map region would lead to their identification at various other
localities.

Petrographically, the diorite aplites are clearly related to the dioritic
rocks described above. When not affected by retrograde metamorphism
or granitisation, they carry pyroxene and are quartz-free (see for exam-
ple sp. 19144, Intermediate Division).

The aplites seldom exceed half a metre in width and dykes of 2—10
centimetres thickness were found to be the most common. Where not
influenced by younger shearfolding, the aplites are rectilinear and exhibit
several structural features which could be taken as indicating their
intrusive origin. En echelon arrangement and combined en echelon and
en bayonet structures have been found in some aplites on Langg,
fig. 53. Clearly dilational emplacement tectonics have been observed in
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a b em broad dyke north of Granulitsg. This dyke displaces an ultrabasic
inclusion in the gneiss, see fig. 53, B. The outcrop conditions being favour-

B

Fig. 53. Structures of diorite aplites.

able, the three dimensional dilation can be demonstrated beyond any
doubt in this case. Another aplite, in the Great Pyribolite of the east
coast of Lange, contains several small inclusions of the host rock, fig.53, C.

Fig. 54. Diagram showing the orientation of undeformed diorite aplites. Q, L. and S
on the attached strain elipsoid denote cross, longitudinal and diagonal joints
respectively.

In this case, the preservation of the orientation of the inclusions makes
a metasomatic origin feasible.

Since many of the observed aplites have been involved in younger
shearfolding, the number of strike and dip readings of aplites is not as
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great as could be desired. However, a rose diagram constructed from the
available readings from Lange (fig. 54) seems to bring out that the spatial
orientation of the aplites is related to the fold tectonics, since Q, S and L
are the preferred directions of the aplites.

As to the age of the aplites, it can be said that although aplites have
been formed locally simultaneously with larger bodies of latekinematic
diorite, the majority of the aplites are regarded as representing the latest

Fig. 55. Sketch map illustrating the relation between the Nordnor diorite and diorite
dykes and aplites.

phase of the diorite formation. This point of view is supported by many
observations of aplites cutting latekinematic diorite bodies. A very
illustrative example of the age relations between a large body, a dyke and
an aplite is found close to the Nordnor diorite, where the border of this
is displaced by a NW-striking sinistral fault, see fig. 12 and fig. 55. As
shown on the sketch fig. 55, which is a simplified map, the folded country
rock to the Nordnor diorite (i.e. P. G.: purple gneiss, A: amphibolite,
S: cale-silicate boudins) contains an irregular dyke of diorite (D. D.)
which is slightly affected by posthumous shearfolding. A similar (or
possibly the same) dyke cuts the Nordnor diorite south-west of the fault.
The thin diorite aplite (D. A.) cuts the dyke and is not influenced by any
movements. These relations suggest that the formation of the dyke which
cuts the main diorite body took place closely after the ‘mise en place’ of
the latter and therefore became affected by the very last spasm of move-
ments, while the aplite is clearly postkinematic.



V1. THE CHRONOLOGICAL SIGNIFICANCE
OF THE DIORITE ROCKS

The foregoing pages contain descriptions of the petrography,
distribution and mode of occurrence of the Tovqussaq diorite rocks. It
may now be appropriate to emphasize what the field and laboratory
investigations have brought forward regarding the chronology of these
rocks.

The petrographic study has shown that the transition from hyper-
sthene gneiss via purple gneiss into light coloured gneiss most probably
represents a sequence in time. Retrograde alterations with or without
the introduction of new material have in many places changed originally
hypersthene-bearing types into biotite-bearing gneisses or granofelses.
This process, where most advanced, was accompanied by deformation of
old S-planes, granulation and recrystallisation. There is thus evidence
of two separate periods of metamorphism, an older corresponding to
granulite facies and a younger characterised by amphibolite facies.

The granulite facies metamorphism culminated with the formation
of pyroxene diorite. The dioritisation seems to have outlasted the de-
formation otherwise accompanying the granulite facies metamorphism.
From a chronological point of view, the dioritic rocks, which were formed
when the movements were waning or had stopped, i.e. the late- and post-
kinematic types, are particularly important. The present state of the
contact planes of the dykes and aplites supply us with valuable in-
formation about the presence and intensity of post-dioritic deformation.
The degree of alteration (uralitisation, ete.) of the dioritic rocks indicates
the relative importance of later retrograde metamorphism.

On the assumption that the syn-, late- and postkinematic nature
of the diorites indicates that they were formed within a definite span of
time during which the deformation waned and finally ceased, they may
be used as a time mark in the relative dating of other events. In this way
the space and time relations of the two periods of metamorphism can be
studied.

In the field, granulite and amphibolite facies rocks are separated in
space, but convincing evidence that this separation in space also cor-
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Fig. 56. Retrograde altered diorite dyke in granulite, southern Lange
(Photo: GGU, A.B.).

responds to an appreciable separation in time can only be brought for-
ward through a study of the dioritic dykes and aplites. This study has
revealed that, where the enclosing gneiss shows mineral associations
developed by retrograde alteration from granulite facies, the dykes and
aplites have been affected by the same alterations. Observations on the
deformation from which the originally more or less straight dykes and
aplites have suffered, have also demonstrated a connection between
younger shear movements and alterations. Although alteration need
not always be accompanied by shear movements, there are a number of
cases in which these two processes are obviously associated. A few exam-
ples of this relation may be given.

In the granulitic rocks on Lange several meta-dioritic dykes and
aplites have been found. On Sydtangen a metre-broad NE-trending dyke
cuts a type of granulite which seems developed from purple gneiss. The
dyke, fig. 56, shows more fine grained borders, but contains garnets and
biotite similar to the enclosing rock. The borders are bleached and whitish,
while the colour of the central part is caused by the flesh coloured feld-
spar. Quartz may be observed in the border zone, but is absent in the
central part of the dyke. It may also be noted that the foliation of the
granulite in places seems to continue into the dyke. This is most probably
due to a slight shearing of the dyke during its alteration. The dyke itself
is cut by thin meta-dioritic aplites.
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Fig. 57. Deformed diorite aplites.

South and north of the Nordnor, where the granulite exhibits a
distinct Plidttung texture, the cross-cutting meta-diorite aplites are
deformed. They carry biotite and garnet and generally show grey colours.
Some, however, contain relic flesh coloured feldspar in their central parts.
An example north of the Nordnor, fig. 57 B, shows that not only slip
movements (shearing) but also compression has taken place. In this thin
aplite, which is nearly vertical, the northern part is recrystallised and
almost pegmatitic in grain, and the centimetre-large biotite flakes exhibit
a fan-like arrangement. The southern part is less altered and carries
flesh coloured feldspar, garnet and biotite. It may be noticed that the
pegmatitic zone represents the lower part of the aplite, when seen in
relation to the SSE-plunging fold axis. This fold may be referred to as a
‘Facherfalte’ or a ‘divergentschiefrig Falte’ (SANDER, 1950, pp. 292—293).
SANDER stresses the importance of this type of fold, since “sie eine zeit-
liche Vergleich mit der Regelung relativ plitzlich einsetzende weitere
Biegung (Verengung der Biegung) der Falte kennzeichnen und damit die
regionale tektonische Einengung”.

At the same locality another aplite, which is parallel to the position
of the axial plane of the shear folds, is found. This aplite is not deformed
but has been altered along its contact.

All observations suggest that the development of the minerals
and the textures typical of granulite took place later than the formation
of the diorite aplites. The ‘Ficherfalte’ indicates that not only penetrative
movements but also flattening accompanied the ‘granulitisation’.
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Fig. 57 A. shows a meta-dioritic aplite found in the core rocks of
the Tovqussaq dome south of Qaersup ilua. The slightly deformed aplite
is cut by a small fault, which is older than a microcline-bearing pegma-
tite. The shear movements which affected the aplite have plicated the
foliation in the gneiss.

The Dome dyke, which cuts across the northern part of the Tov-
qussaq structure, where found in the purple core rocks is only slightly
altered along the contacts, while the central parts consist of uralite dio-
rite. In the granitic shell of the dome, the dyke is granitised. In the
hypersthene gneisses of the Frame Layer, it carries pyroxene. The more
or less vertical position of the Dome dyke shows that no important de-
formation of the dome structure has taken place after the formation of
the dyke, i.e. the dome was already formed when, during the second
period of metamorphism, the granitic core rocks were developed. The
deformation attached to the second metamorphism (amphibolite facies)
was therefore restricted to small scale shearing of posthumous character.

Other diorite occurrences have in a similar manner preserved their
original late- or postkinematic structures nearly unaffected by later
deformation, although on a small scale local deformation may be seen.
These relations are very important, since they suggest that the develop-
ment of the major structures of Tovqussap nuné date back to the period
of granulite facies metamorphism, or even earlier. Their geometry and
kinematics can be analysed independently of the superimposed amphi-
bolite facies metamorphism.



VII. GEOMETRICAL ANALYSIS OF THE MAJOR
STRUCTURES

As mentioned in the description of the geological map, the litho-
structural mapping made a division of Tovqussap nund into major
structural units possible. In the west, the Tovqussaq dome, the Smalle-
dal and the Irdal structures were distinguished. In the east, the Krebsess
antiform with its flanking synforms and the Dioritnes synform were
defined. Of these structural units the Krebsesa antiform will be discussed
first. There are several reasons for doing this. First of all the marker
horizons have been mapped almost continuously through the Krebsess
structure, a fact which greatly facilitates the structural interpretation.
Furthermore in this structure the conditions for carrying out an analysis
of older refolded structures are at their best.

A. The Krebsesg antiform and its flanking synforms

North of Midterhgj, the Krebsess structure appears to be a simple
antiform, but in the southern part of the structure the relations are more
complex. The complexity is shown by three abnormal features:

1. The ‘splitting up’ of the Krebsess Pyribolite east of Midterhgj
due to the appearance of a median gneiss layer which only occurs in the
central and eastern portions of the antiform.

2. The peculiar hinge zone in the upper part of the Krebsess
Pyribolite on the 350 m mountain east of the Krebsesa lake.

3. The aberrant orientation of the smallfolds within certain parts
of the structure.

All these features are inconsistent with the idea of the Krebseso
structure as a simple antiform. It is obvious that within it some more
complex structures are concealed. In order to analyse the structure a
combination of different methods has to be used, beginning with a con-
sideration of minor structures.

The small scale structures

These include linear and planar structures. Unfortunately the num-
ber of observations and measurements on such structures is not as great
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AB-59.

Fig. 59. Longitudinal profiles through the Krebsess antiform. The thick lines illu-
strate the observed variation in the plunge of the smallfolds. For the location of the
profiles see fig. 60.

as it might have been, had more time been available for field work.
Nevertheless the good exposure ensures that the readings taken are
representative, and these serve as an important starting point for the
structural analysis.

Around Buedal (fig. 58, stereogram I) the smallfolds plunge SSE. In
the field these folds could be recognised as drag folds developed in con-
nection with the formation of the main antiform. Stereogram II, fig. 58,
shows plots of foliation poles from the area between Midterhgj and
Krebsesa. The axis of the antiform is seen here to be horizontal. To the
south of this area (II) and north of area III (see key map in fig. 58) the
axial relations are very complex. On the small point on the east shore of
Krebseso, the pyribolite shows smallfolds with a steep northerly plunge.
Further to the south, on the small island, variations from a steep northerly
plunge to a vertical orientation were noticed in a vertical N-S profile.
The plunge decreases down the plunge line in the smallfolds. South of
Krebsess and on Kronehgj the plunge is again southerly, but is still
rather steep (stereogram III, fig. 58). The nearby Flankepas synform is
characterised by less steeply plunging axes (stereogram IV, fig. 58).
West of Kronehgj, in the corner between areas 111 and IV, complex axial
relations are found. Going from north to south, the southerly plunge of
the smallfolds is seen to increase until it passes 90° (vertical) and becomes
steep northerly. Then, due to a tight culmination, it changes rapidly to
steep southerly.

All these features demand an explanation. In fig. 59 the variation
in the plunge of the smallfolds is shown in two longitudinal profiles, one
through the Krebsesg antiform (A—A’) and one through the southern

123 10
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part of the Flankepas synform (B—DB’). Pictured in this way, the vari-
ations are seen to form a pattern which suggests the existence of older
recumbent folds within the rock succession affected by the Krebsess anti-
form. The recumbent folds evidently have had an axial trend oblique
to that of the younger Krebsess antiform and its flanking synforms. The
smallfolds with an anomalous orientation are seen in fig. 59 to occur close
to the hinge zones of the recumbent folds, while more normaily orientated
axes are found in the flanks of these structures.

The smallfolds which most probably were developed in connection
with the recumbent folding were seemingly destroyed during the refold-
ing since practically no traces of such older anomalous small scale struc-
tures have been met with. (As explained below, the above-mentioned
smallfolds are not older structures). The only example so far found was
seen at Flankehgj, where the pyribolite shows a tight smallfold which
is cut by a transverse foliation. The new axes (and foliation) imposed on
the rocks naturally conform to the main antiform and its flanking syn-
forms — except within the refolded hinge zones of the recumbent struc-
tures. Here the form imposed on the layer by the recumbent folding has
controlled the later-formed B-axes and caused them to bend around the
old hinges, i.e. the new axes reflect in their orientation the position of the
older hinge zones.

The alternative view, that the variation in the axial pattern could
be due to refolding of older small scale structures, need not be considered
in the present case. The results obtained at a later stage of the analysis
are inconsistent with such a view.

The significance of the outcrop pattern

As shown in fig. 59 the axial pattern suggests that the hinge zone of
a recumbent synform occurs at Krebsess, (profile A—A’) while a hinge
zone belonging to a recumbent antiform should be expected west of
Kronehgj (profile B—B’).

Following this line of thought the outcrop pattern can be viewed
from a new angle. The existence of older recumbent structures within
the Krebsesg antiform would naturally influence considerably the course
of the marker horizons. The outcrop patterns of double fold structures
of this type are well known from D. REy~orps and A. HoLmEs (1954)
experiments with plasticene models, and it is a simple operation to
reconstruct the pattern produced by a plunging antiform which encloses
a recumbent fold. Such a fold would appear with a hinge zone within
both antiformal flanks. A glance at the map shows, however, that the
relations at Krebsess are somewhat more complex. In order to extend
the analysis, a special trick has to be used. If the map is redrawn without
any attention being paid to the gneiss layer at Midterhoj, a bilaterally
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symmetrical outcrop pattern can be arrived at, fig. 60 — that is if the
Krebsesg Pyribolite forms a closure below the western part of the Krebsesa.
This closure would represent the hinge zone of the recumbent synform
within the western flank of the younger antiform, while the synformal

Fig. 60. Outcrop pattern of the refolded recumbent synform at Krebsese.

closure in the eastern antiformal flank is represented by the hinge zone
on the 346 m mountain north-east of Krebsesg. The trend of the hinge
axis in the recumbent structure would then be ENE, as indicated by a
line joining the two mentioned closures. In fig. 60 the symmetry of the
antiform is also brought out from the occurrence of two subsidiary folds,
one on each flank of the structure. These folds may, however, be drag
folds formed in connection with the major antiform.

It should be stressed that the interpretation just outlined is based
on the assumption that the dioritic rocks at Krebsesg belong from a

10%*



148 AsGER BERTHELSEN. 1

structural point of view to the Krebsess Pyribolite. This assumption
concurs with the idea expressed earlier that the Krebseso diorite has
been formed by metasomatic transformation of pyribolite.

The axial variations west of Kronehgj suggest the presence of a
nearby recumbent antiformal hinge zone. Such is actually shown by the
course of the Kronehsj Pyribolite, which closes here. This closure is
only slightly affected by younger refolding (Flankepas synform). Tracing
the duplicated Kronehaj Pyribolite eastwards, it may also be seen that
south of Krebsesg the effect of the Krebsesg antiform has diminished
considerably. The Riddersporen synform, however, still influences the
southernmost recumbent structure. In spite of this influence, the old
antiformal hinge zone does not reappear on the map to the east. This
means that the hinge axis of the recumbent antiform here lies above the
present erosion level. Although around Kronehej, the outcrop pattern
is less indicative of double folding than around Krebsess, there is west
of Kronehgj strong evidence in support of the idea that the variations in
the orientation of the smallfolds are controlled by hinge zones belonging
to refolded recumbent structures.

Still older isoclinal structures

Two ‘abnormal’ features still remain to be explained, 1) the ‘splitting
up’ of the Krebsess Pyribolite at Midterhoj and, 2) the peculiar hinge
zone on the 350 m mountain east of Krebsess. These features were
deliberately disregarded in order to reconstruct the outcrop pattern of
the antiformally refolded recumbent synform, fig. 60. Returning to the
problem posed by the gneiss layer at Midterhgj, the idea that it occupies
the core of an isoclinal structure suggests itself. The ‘splitting up’ of the
Krebsesg Pyribolite could then be explained as a narrow closure. This
would mean that the Krebsesg antiform is in reality a triple folded
structure.

If this interpretation is correct, the oldest fold structure, which here
will be called the Midternas isocline, should be influenced by refolding
by the recumbent synform as well as by the Krebsesg antiform. The
tight closure west of Midterhsj indicates the present synformal character
of the isocline where this latter occurs within the western flank of the
Krebsesg antiform and within the lower flank of the recumbent synform.
Refolding would then cause the isocline to appear antiformally in the
eastern flank of the Krebsesg antiform and in the overturned flank of the
recumbent synform. If this behaviour of the isocline can be demonstrated,
the interpretation can be checked.

In order to carry out such a check, a special method, the contour
map method, has to be used. This method and its application to refolded
structures has recently been discussed by the author (BERTHELSEN,
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1960a). Since, in this publication, the Krebseso structure was used as an
example of the application of the method, no further comments on the
procedure in construction of contour maps will be given here.

s‘/7’/NG£ AXIS OF THE
MIDTERHDT 1SOCLINE

A.B.59.

Fig. 61. Structural contour map of the Midterhej isocline. 1: hinge axis of oldest
isocline, II: hinge axis of recumbent synform.

The contour map in fig. 61 shows the shape of the Midterhaj gneiss
layer which occupies the core of the isocline. This map demonstrates that
the isocline due to refolding and re-refolding changes from a synform into
an antiform. The antiformal closure is represented by the ‘peculiar’ hinge
zone on the 350 m mountain east of Krebseso. The outcome of the check
thus favours the interpretation leading to the idea of the Midterhgj isocline.

Since the Midterhgj isocline was refolded two times and since its
hinge axis only appears twice within the area discussed, the original
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trend of its hinge axis, before any refolding, is difficult to estimate with
any accuracy. All that can be said is that the trend may have varied
around a NW—SE direction. This estimate is arrived at by unrolling the
younger structures, as shown schematically in fig. 62 A and B.

On Riddersporen the Kronehgj Pyribolite ‘splits up’ just like the
Krebsess Pyribolite does east of Midterhsj. Does this mean that the
branching of the pyribolite on Riddersporen also represents a tight fold
closure? If so, the median gneiss layer occupies the core of an isocline,
which, due to its being refolded twice, would make the median gneiss
reappear on the map within the same layer and in the upper flank of the
recumbent antiform. Although not marked on the map as a separate
layer, there actually occurs a thin median gneiss band within the Krone-
hgj Pyribolite east and north-east of Sardlup qava (p.112). This median
gneiss band takes exactly the structural position to be expected by
double refolding of the median gneiss at Riddersporen. It is therefore
very probable that both gneiss layers represent the core filling of one and
the same isoclinal fold (Kronehgj isocline). This interpretation is shown
in fig. 62 B, where the structures are viewed from north-east. By unrolling
the recumbent antiform, the hinge axis of the oldest isocline is seen to
become more or less parallel to the hinge axis in the Midterhgj isocline.
As may be seen from fig. 63, which shows a longitudinal profile through
the Riddersporen synform, the oldest isocline and the younger recumbent
structures have exerted a recognisable influence on the very youngest
structure, the Riddersporen synform. The plunge of the axis within this
latter structure reflects in its variation the older transverse structures.

Although the conception of the geometrical relations arrived at
above is largely interpretative, it represents in the author’s opinion the
closest possible approach to an understanding of the complex outcrop
pattern of the map. Up to now, it has explained all the observed features
and has been confirmed when checks could be carried out. It seems also
to be the only interpretation possible if most of the salient features are
to be explained.

The author therefore accepts this interpretation as a base for further
analysis — knowing well that the conclusions arrived at from now on
belong only to the second order of probability.

Returning to fig. 62 B, where the recumbent structures have been
unrolled, it may well be worth considering the implications of the iso-
clinal structures within the Krebsess and the Kronehgj Pyribolites.
Assuming that these oldest traceable structures are not just chance
features, but conform to still larger fold structures, their influence on the
other members of the rock succession should also be studied. Disregarding
the gneiss layers, none of which possess any lithological characteristics,
and restricting this study to the marker horizons, it may be noticed that
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Fig. 62. For explanation see text.

the lithology of these is highly suggestive of large scale isoclinal folding.
As shown in C of fig. 62, two thin banded pyribolite layers separate the
upper and the lower isocline shown respectively by the Krebsess and
the Kronehoj Pyribolite. Similar thin pyribolite bands overly and
underly the isoclines. These thin layers are marked by broken lines in
fig. 62 C.

The similarity between the thin pyribolite layers and the presence
of the two isoclines suggest that this rock succession in reality hides two
large isoclinal structures and that, in consequence, the Krebsess and
the Kronehoj Pyribolites are one and the same layer while all the thin
pyribolites belong to another layer. The total stratigraphical sequence
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Fig. 63. Longitudinal profile through the Riddersporen synform.

to be traced in this region would then be restricted to five layers — the
gneiss layers being included.

This conclusion necessitates a renewed study of the outcrop pattern,
in order to see whether or not it is consistent with the ideas arrived at
above. First of all, the external hinges (frontal noses) of the isoclines
shown by the Krebsess and the Kronehgj Pyribolites may be looked for
in the western part of the structures discussed. Going to the Flankepas
synform, one finds that the Krebsess Pyribolite, which here is composed
of diorite as well as pyribolite, terminates in the western flank of the
synform. This termination may be interpreted as the frontal nose of the
isoclinally folded Krebsesg Pyribolite. This frontal nose occurs within the
reversed flank of the recumbent synform, which in its turn is refolded by
the Filankepas synform. Due to the moderate SSE plunge of the youngest
synform, the corresponding frontal nose within the normal flank of the
recumbent synform falls under the sea in the Eqaluk fjord further to
the north.

The frontal nose of the Kronehgj Pyribolite isocline is to be studied
next. It may be found in the termination of the Kronehgj Pyribolite just
east of Itivinguaq, where it appears in the upper flank of the recumbent
antiform. This latter is here strongly refolded by the southern extension
of the Riddersporen synform. The axis of the frontal nose of the isocline
thus ascends within the inverted eastern flank of the youngest synform,
and causes the Kronehgj layer to close within itself where it terminates
east of Itivinguaq.

Since, west of Kronehgj, the Kronehaj Pyribolite defines the closure
of the recumbent antiform, the frontal nose of the isocline contained
within the pyribolite does not appear here, but lies below the present
erosion level. Further to the north, the frontal nose of the Kronehg;j
Pyribolite isocline is situated under the normal flank of the recumbent
synform so it cannot appear any more within the Tovqussaq peninsula.
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An attempt to visualize these complex spatial relations has been
made in the structural stereogram fig. 64. By means of contour maps,
the outcrop pattern of the Krebsese and the Kronehgj layers within a
250 m level has been constructed. Applying all available information,

Fig. 64. Structural stereogram of eastern Tovqussap nuné.

observed facts and interpretative results, a three-dimensional reconstrue-
tion of the refolded behaviour of the oldest isoclines has then been
attempted.

Based on this reconstruction, a stratigraphical correlation of the
individual members of the entire rock succession can also be made.
The results of such an analysis are incorporated in the tentative strati-
graphic map of Pl. 4. Applying the stratigraphic sequence arrived at in
fig. 62 C, the thin pyribolitic marker horizon can also be traced through-
out the complex structures. It is, however, not completely continuous.
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Around Sardlup géva it is missing, but its position can still be inferred
from the lithological differences of the surrounding gneisses. North of the
small crooked bay, Nagtoralinguit, it is partly missing in the smallfolded
closure. North of Riddersporen, where it is duplicated between the two
isoclines, its two parts are nearly in contact. This feature may indicate
the proximity of a subsurface isoclinal hinge zone, where the two parts
join up. East of the Flankepas, the same layer cannot be traced around
the postulated frontal nose of the Krebseso Pyribolite. It is also missing
entirely within the light coloured gneisses of the western closure of the
recumbent synform in the west flank of the Krebsesg antiform. But its
absence here could hardly invalidate the interpretation given when it is
born in mind that the same layer was also missing for a long stretch
around Sardlup géva.

The thin branching pyribolite layers at Dioritnes most probably
represent the south-easternmost occurrences of the thin pyribolitic
marker horizon on the peninsula. As suggested in the description of the
geological map, these layers may form part of a larger complex structure
now hidden under the sea.

Summarizing, it can be said that the geometrical interpretation of
the structures in eastern Tovqussap nuna allows the following three
stages of folding to be discerned:

I. Formation of isoclines with axes trending about NW.
I1. Recumbent folding around ENE to NE trending axes.
II1. More gentle to closed folding with SSE to S plunging axes.

The kinematic evolution of these structures will be discussed in a
separate chapter together with the kinematics of western Tovqussap
nuna.

B. The Irdal and the Smalledal structures

The geometrical analysis of eastern Tovqussap nuné revealed that
the youngest antiform and synforms here refold older recumbent struc-
tures, which latter in their turn refolded still older isoclinal structures.

“Similar complex relations may therefore be expected in the western
parts of the peninsula. Studying the structural map of Pl 2 with the
analytical experience just acquired in mind, attention is attracted by the
Smalledal and the Irdal structures, since the outcrop patterns of these
two structures are highly suggestive of double folding.

The Irdal and the Smalledal structures have already been described
with regard to their extent, lithology and the mode of occurrence of their
small scale structures (pp. 98—104). Before passing to the geometrical
analysis, it may therefore suffice to emphasize that the terms Irdal and
Smalledal structures refer to the mainly E-W-trending structures
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occurring around Irdal and north of Smalledal respectively. The terms
Western and Eastern Antiforms refer to the SSE-plunging antiforms
at Kangeq and around Trehaje (see PL 2).

The geometrical analysis of the Irdal and the Smalledal structures
will begin with a study of the orientation of the small scale structures.
For the Irdal structure, two stereograms have been prepared (fig. 65
I and II). The stereogram from the western part of the structure shows
that this is here an overturned ESE-plunging antiform. Northwards
directed dips are only preserved within the closure of the central com-
posite pyribolite layer. Towards east (stereogram II) the plunge becomes
due east, due to refolding around the SSE-plunging Eastern Antiform.
On the crest of this latter structure, the hinge axis of the Irdal antiform
plunges below the present erosion level so its trend within the eastern
—here overturned—~flank of the younger structure can only be inferred.

In the central parts of the Smalledal structure, the axes plunge to
south-west (stereogram IV), and the structure is here overturned to the
north, as indicated by the concentration of the foliation poles in the
northern part of the stereogram. At Kangeq, the overturned Smalledal
antiform is influenced by refolding by the Western Antiform. This
refolding causes the Smalledal axes to show due west to WNW plunges
(stereogram III). Around Trehgje, the Smalledal structure is influenced
by the Eastern Antiform. The effect of this refolding is clearly seen in
stereogram V, where the scattered foliation poles only indicate the
orientation of the younger structure. The strong scattering of the older
smallfolds in this stereogram is most probably connected to the local
gneissified nature of the otherwise competent marker horizons of the
Smalledal structure. The approach in lithology and competence between
the pyribolite and the gneiss has made an intensive smallfolding of all
rock layers possible during the refolding. At Kangeq, the readings obtained
within the closure of the inner thick pyribolite of the Smalledal structure
helped to define the axes belonging to this latter structure in spite of a
similar refolding (cf. stereogram ITI and V).

Where the north-eastern and outermost closure of the Smalledal
structure is affected by the Eastern Antiform, small scale double folds
have been developed, e.g. north of Bortehaj. These double fold struc-
tures help to solve the question as to the relative age of the Smalledal
structure and the Eastern Antiform.

The seemingly ‘orderless’ agmatitic structure previously described
from the gneisses south of Breddal (p.102) is situated within the
corresponding closure of the gneisses south of the outermost marker
horizon. Assuming that the agmatitic structures were developed within
originally double folded rocks, their apparent lack of order may easily
be explained.



Fig. 65. Stereograms from north-western Tovqussap nuné,
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Due to the rather varied topography of north-western Tovqussap
nund, the contour map method may be applied successfully in the ana-
lysis of the Irdal and Smalledal structures. Using the upper surfaces of
the outermost marker horizons as reference horizons, contour maps have
been prepared for both structures. From these maps the structural
stereogram of fig. 66 was constructed. The position of the two northern-
most noses of the Irdal and Smalledal antiforms is, however, inferred and
therefore hypothetical. Nevertheless, the diagram brings out clearly

Fig. 66. Structural stereogram of the Irdal and Smalledal structures.

that the reference horizons chosen within each structure represent one
and the same surface. Due to the younger antiformal refolding around the
Eastern Antiform, the synform connecting the two older structures cul-
minates at Lejrso above sea level but still below the erosion level. This syn-
form is occupied by the gabbro-anorthosite-bearing gneisses of the Frame
Layer. The hinge axes of the two overturned antiforms, the Irdal and the
Smalledal antiforms, trend more or less ENE. The younger Western and
Eastern Antiforms plunge to SSE where developed within the overturned
flanks of the older structures. Where imposed on the hinge zones of the
older structures, the plunge of the younger axes has, however, been
controlled by the old hinge dips, as for example at Bortehgj (see Pl. 2).

These relations are very similar to those described above from eastern
Tovqussap nund, where the recumbent folds and their hinges influenced
the orientation of the younger axes. Thus one may reasonably compare
the overturned Irdal and Smalledal antiforms to the recumbent struc-
tures at Krebseso and Kronehgj. In the north-western region the plunge
of the younger structures is somewhat steeper because here the older
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structures were not recumbent but only overturned. (Naturally, the
present overturned nature of the older structures could also be explained
by a later tilt of originally recumbent structures in connection with the
refolding). In this region, obvious traces of still older isoclinal folds cor-
responding to the Midterhej and the Kronehgj isoclines are also absent.
No definite answer can, however, be given as to the possible occurrence
of isoclinal repetitions within the rock succession of the Irdal and Smalle-
dal structures before the remaining part of the western area has been
analysed.

The central part of this remaining area is occupied by the Tovqussaq
dome. This structure is flanked on both sides by the southern continu-
ation of the Western and Eastern Antiforms. South of the dome, the
Blindtarmen antiform appears. These western structures are separated
from the eastern ones by a median structure, the Péakitsoq antiform,
see Pl 2.

C. The Tovqussaq dome and its surroundings

Turning now to the remaining part of the western area it may be
appropriate to start the analysis within the Tovqussaq dome. The rock
succession involved in. this structure was described in detail on pp.
58—92, where mention of the small scale structures shown by these
rocks was also made.

The central part of the dome, which is delineated on the map by the
course of the Interior Pyribolite, is in two halves divided by the deep
bay Qaersup ilua. The application of the term ‘dome’ to this structure
(BErTHELSEN, 1950) may be disputable since the length to width ratio
just exceeds 2: 1 (which divides domes from brachy-anticlines), but has
been retained for the sake of clarity in the nomenclature.

The southern part of the dome appears to be a nearly cylindrical
structure, see fig. 67, (stereograms 1, II, I1I and V). Only on the southern
part of Akuliaruserssuaq may a slight inconsistency between the con-
structed and the measured axes be noticed. By superimposition of the
stereograms, however, all the foliation poles group around a well defined
great circle and the measured axes form a maximum around the cor-
responding axis. The slight scattering of all plots may be explained easily
by the culminative effect of the dome.

The most surprising result is that the Orenses structure (stereogram
II1) conforms so closely to the surroundings. In this connection it may
be recalled, however, that both closures within the Little Pyribolite,
from which aberrant readings could have been expected, are submerged
under the sea. Therefore the author regards the apparent uniaxial
nature of this structure as fortuitous. In his opinion, the Orenzs
structure represents an original ENE-trending overturned antiform



Fig. 67. Stereograms from the southern Tovqussaq dome and the Blindtarmen antiform.
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which during the formation of the dome became dragged out parallel
to B along the crest of the dome and thereby attained its apparent
uniaxial character.

In the Blindtarmen antiform the relations are somewhat more com-
plex, (see stereogram 1V, fig. 67). The spreading out of the foliation poles
close to W indicate a deviation from ecylindrical towards conical shape

Fig. 68. Stereogram from the northern dome core.

in this structure, i.e. the rock members of this structure become more
tightly squeezed together in the southern closure.

Returning to the northern half of the central dome, still more com-
plex relations are met with. If all readings taken within or immediately
around the Interior Pyribolite are plotted, the stereogram shown in
fig. 68 is obtained. Here, the foliation poles are too scattered to be
grouped around a single great circle, and, apart from a local maximum
of axes with moderate NNW plunge, a great variation in the orientation
of the smallfolds is manifest. The broad zone indicated by the foliation
poles can, however, be limited by two small circles (C and C* of fig. 68).
This suggests that a conical shape with varying angular radius is appro-
ached. Knowing from the field that north of Navlen the dip decreases
with increasing altitude it may be inferred that the axis corresponding to
the partially developed cone surface is convex towards NE.
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Fig. 69. Stereograms from the northern part of the Tovqussaq dome.
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Along the western part of the dome the Interior Pyribolite is strongly
folded, and it is the axes of these drag folds which cause the maximum
(A) of fig. 68. Along its northern and eastern course, the pyribolite shows
also dragfolding but of a different style. The axes of these drag folds
plunge in any direction between north-east and south-east.

The stereograms I to V in fig. 69 show some of these smallfolds which
have been measured directly or indirectly at various localities within the
Interior Pyribolite. As appears from the compiled diagram I—VII they
show a great variation in plunge, although they all indicate a relative
movement, of the overlying rock masses from left to right when viewed
down the plunge.

A relative dating of the NNW-plunging axes and the axes with NE
to SE plunge has not been possible in the field since their development
seems to be restricted to two separate sectors. An indirect dating according
to their style (gentle open asymmetric folds versus folds with sharp
hinges to isoclinal folds) would also be very risky. The only means of
arriving at a relative dating is by considering their age relations to the
major structure, analysing this latter independently.

The major structure can be studied with the aid of the contour
method. Fig. 70, A and B, shows contour maps constructed from the
upper and lower surfaces respectively of the Interior Pyribolite north of
Qaersup ilua. These maps bring out that the northwestern part of the
dome is overturned and not in a simple way as if the dome itself had
become overturned. The concave bend of the overturned part, which is
best seen in fig. 70 C where the constructed outcrop pattern of the marker
horizon at sea level is shown, suggests that a north-east trending hinge
zone belonging to an overturned or recumbent structure has been re-
folded antiformally around a NNW-plunging axis. The NNW-plunging
smallfolds in the western flank of the structure can thus be considered
as having been developed in connection with this refolding. The small-
folds in the northern and eastern part of the structure evidently have a
different origin. Their variation in trend is too great to be accounted for
solely by spreading due to refolding. The author assumes therefore that
they were imposed on the recumbent structure during an intermittent
phase of deformation, which caused the development of an initial copula-
shaped structure. Levelling out of the effect of the later antiformal re-
folding would then re-establish the original orientation of these drag folds.
Viewed in this manner they indicate concentrically upward directed
movements along the flanks of the initial dome.

This interpretation implies that the following three local factors
have played a role in the development of the present Tovqussaq dome:
1, The existence of a NE-trending hinge zone belonging to an overturned
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or recumbent fold in the Interior Pyribolite. 2, Formation of a copula-
shaped bulge on this structure due to movements directed towards the

UPPER SURFACE
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Fig. 70. Structural contour maps of the Interior Pyribolite, north of Qaersup ilua.
A for the upper surface, B for the lower. C shows the constructed outcrop pattern
of the pyribolite within the 0 m level.

top of the bulge. 3, Antiformal refolding controlled by the earlier developed
structures. This composite origin would also explain the more or less
conical surface developed in the northeastern sector of the dome.

kg



Fig. 71. Stereograms showing ‘aberrant’ axes within the northern dome and its surroundings.
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The remainder of the northern part of the Tovqussaq dome and the
area between this structure and the Smalledal structure will be con-
sidered next. Ag mentioned in the deseription to the geological map,
minor structures are difficult to measure within the rocks of the Frame
Layer in the region around the Tovqussaq Mt. The stereogram from this
region, therefore, contains only a few plots which are not really represen-
tative (see fig. 71, TIT). Nevertheless, the diagram brings out that the
axial plunge varies from NE to ESE and even to SSE in the easternmost
part of the region. This variation is very similar to that described from
the Interior Pyribolite.

Going to area 11 of the same figure, i.e. the synform between the
Great and the Pas Pyribolites west of Ankerbugtdal, and ESE-plunging
axis can again be recognised, see stereogram II. West of this region, on
Sorthat, nearly east-west trending horizontal smallfold axes have been
observed.

In the lower part of the Ankerbugtdal several larger folds have
been mapped within the Great Pyribolite and the Little Pyribolite.
Stereogram I, fig. 71, shows that the plunge of these folds is steep westerly.
Turning now to stereogram IV of fig. 71 it might be tempting to draw
a great circle corresponding to a similar steeply W-plunging axis in this
diagram. This, however, cannot be done, because the spreading out of the
foliation poles in the eastern sector of this stereogram is merely due to a
conical widening (virgation) of the northwestern flank of the antiform
structure of this region. The stereogram thus serves as an example of
the need for caution when stereographic projection is used for geometrical
constructions and not in a statistical way. If no geological ‘ground con-
trol’ is applied—in the present case by aid of the marker horizon west
of Streget—serious errors may result.

Axial disharmony

Stereogram IV of fig. 71 serves, however, to illustrate quite another
feature, i.e. the complex nature of the Western Antiform. Where this
antiform affects the Pas Pyribolite south of Kolbess, a younger shear-
folding of somewhat older gentle structures is seen, (see also page 79).
Within the hinge zones of the gentle folds, banding (S) enabled measure-
ments to be taken. These readings are shown as open circles in stereo-
gram IV, fig. 71, while measurements of the foliation (S2) developed in
connection with the shearfolding are indicated by the symbol generally
used for foliation poles (filled-out ecircles). The latter group themselves
close to the WSW periphery of the diagram. The two great circles 1’
and 2’ which are based on the S! and S2 plots respectively, suggest the
existence of a slight axial disharmony between the two sets of structures.
This disharmony becomes more marked further to the north-east, where



166 ASGER BERTHELSEN. I

near Sorthat a later imposed mineral lineation is at an angle to the large
scale lithological banding and layering, p. 79.

South of area IV, dioritic rocks are found at Verdens Begyndelse.
As mentioned in the description of this diorite occurrence, an older small-
folding is preserved within the diorite while younger smallfolds have been
superimposed on the eastern gneisses. In stereogram V, fig. 71, plots of
poles of foliation measured from the smallfolded enclaves within the
diorite are shown by the symbol S% whereas axes measured in the
enclave rocks are marked by the symbol b, Smallfold axes from the
eastern gneisses and the remaining part of Hestenses are shown as axes
with open head (normal symbol). In this diagram a difference in orien-
tation between the older smallfolds (enclosed as relics within the diorite)
and those superimposed later on may be noticed. The first-mentioned are
horizontal and trend NNW, while the last-mentioned plunge to SE. It
seems natural to compare this disharmony to that just described from
area I'V and around Sorthat.

The slight difference in the orientation of the enclave axes and the
axes from the rocks surrounding the Nordnor diorite (p. 118 and fig. 46)
now becomes more comprehensible. Around the Nordnor, the axes with
the most southeasterly plunge, however, represent the oldest structures.

Areas IV and V of fig. 71 both belong to the Western Antiform which
can be followed from Kangeq along the western flank of the Tovqussaq
dome. South-west of this latter structure, the Western Antiform affects
the rocks of western Tugdlerunarssuit (see fig. 29). Realising the two step
evolution of the regions just discussed, the complex hinge structures on
Tugdlertinarssuit (fig. 29) can better be understood. The recrystallised
shear zones now appearing as zones of flow traversing the smallfolds of
the hinge zone were, most probably, formed in. connection with the
imposition of the younger structures (e.g. S? of stereogram IV, fig. 71)
in rocks occupying a more deep-seated position within the antiform.

Between Kalotbugt and Gule Hav, the Western Antiform has
caused the development of complex structures. Although this part of the
antiform appears fairly simple from stereogram I of fig. 72, field obser-
vations on small scale double fold structures (e.g. on the little island in
Gule Hav) clearly show its composite nature. Unfortunately, the greater
part of the structure is sea-covered, so its original outcrop pattern can
only be guessed. The only marker horizon in this region is the diorite,
which forms a concordant layer along the west coast of Gule Hav (hence
the name ‘Yellow Sea’). To the south this layer contains enclaves of
gabbro-anorthosite. Because of the oceurrence of gneiss on the east coast
of the small island and because the diorite layer cannot be traced into
Smalledal or south of Kalotbugt, the author has interpreted the outcrop
pattern of this layer in the manner shown on Pl 2, where it is seen to
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Fig. 72. Stereograms from the regions around Gule Hav, Gammel Lejrskar. and the Pas Pyribolite.
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form an arrowhead-shaped structure. This structure is explained as
having been formed by antiformal refolding around a SE-plunging axis
of an original recumbent structure with a nearly E—W trending hinge
axis. As will be shown on a later page, this interpretation fits well into
the general geometrical pattern.

After this digression into the Western Antiform we will return to the
dome structure proper and the region which to the north separates it
from the Smalledal structure. Knowing now that the Smalledal structure
is an overturned antiform, it is possible to predict the existence of a
synformal structure between this and the dome. Since the northern part
of the dome is overturned, the intervening synform will not be apparent
from the measured dips. The amphibolitic—in part agmatitic—gneisses
north and west of Skraaland show, however, a closure south of Lille
Ekkodal. The mere presence of this closure within the eastern flank of
the Western Antiform shows that, although strongly refolded by the
younger SE-plunging axes, it represents the hinge zone of the synform
separating the dome and the Smalledal antiform. This relation being
realised, the synformal position of the granitic gneisses of Skraaland may
also be inferred. The scepticism expressed on p. 93 as to the litho-
structural validity of the petrographic base for the mapping of this
region can now be disregarded. The complexity of the structures does not
appear from the stereogram (11, fig. 72), which only shows that the region
is dominated by a rather steep SSE-plunging axis. Similar axes may also
be constructed from the foliation poles from areas III and IV of fig. 72,
which cover sectors of the Pas and the Great Pyribolites respectively.
In diagram IV, the distribution of the measured smallfolds and linea-
tions is, however, suggestive of the presence of older refolded linear
structures.

The folds within the Pas Pyribolite south-west of Vinkelsg show
nearly horizontal axes trending NNW—SSE, see stereogram V, fig. 72.
The position of these structures in relation to the dome can be compared
to the horizontal smallfolds occurring within the diorite at Verdens
Begyndelse.

The Eastern and the Western Antiforms

The Eastern Antiform, which refolded the Smalledal structure at
Trehgje, may be traced across Nordvestpassagen into the region imme-
diately east of Vinkelse. From here it extends isoclinally south on to
Pakitsoq, south of which it causes a tight closure within the Pas Pyri-
bolite. This hinge zone appears to be homoaxial with the southern part of
the dome. The folds within the Pas Pyribolite west of Vinkelsg occur
within the western flank of the Eastern Antiform and were presumably
developed in connection with the formation of this structure. They are,
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however, axially controlled by the dome structure, since their axes
describe a complex culmination.

Returning to the Western Antiform, very similar relations are found
here. The folding of the Pas Pyribolite between Kolbesg and Verdens
Begyndelse and on northern Lange represents an analogous influence of
the Western Antiform on the west flank of the dome. Further to the
south, the Western Antiform also refolds the Pas Pyribolite, wrapping
this layer around its hinge zone.

These relations suggest that both the Western and the Eastern
Antiforms were formed later than the initial dome structure, but were
developed more or less contemporaneously with the refolding of the
dome; this was also accompanied by the formation of the Blindtarmen
antiform.

Correlation of the litho-structural units of the western area

Having now studied the geometrical aspects of the western area,
it may be useful to consider how the litho-structural units established
within this region fit into the structural pattern.

Unfortunately, parts of the western structures are sea-covered, so no
continuous tracing of the marker horizons has been possible within this
area. The litho-structural units of the western area show, however, cer-
tain individual features, particularly in the gneisses, which have made a
fairly safe reconstruction of the outcrop pattern possible. Arguments for
the reconstruction shown on Pl 2 were given in connection with the
description of the geological map (Pl 1).

The northern part of western Tovqussap nuné, where the outcrop
pattern is more complete, will be considered first. Here the gabbro-
anorthosite-bearing gneisses of the Frame Layer circumscribe the Irdal
and Smalledal structures. They occupy the synform which separates
these two structures and can also be traced directly into the northern
surroundings of the Tovqussaq dome. Along both flanks of the dome,
they form the cores of the Western and Eastern Antiforms. In the Western
Antiform, the Frame Layer gneisses extend south on to western Tug-
dlertnarssuit, while in the Eastern Antiform they reach the south shore
of Pékitsoq. Within this distribution a decrease in the abundance of
gabbro-anorthositic enclaves may be noticed going from north to south
— or south-east. It should also be mentioned that gabbro-anorthositic
enclaves occur within other litho-structural gneiss units in the northern
part, where they are particularly abundant in the Frame Layer gneisses.

The Frame Layer gneisses surrounding the central Tovqussaq dome
correspond in their lithology completely with those just mentioned from
the surroundings of the dome. As is suggested by the author’s application
of the term Frame Layer to both these units (see Pl. 2), they may be
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considered as representing one and the same rock succession. This being
the case, a repetition should occur within the rocks forming the outer
part of the dome structure.

Is there any evidence of such a duplication within the rock layers
of the northern dome? This question can only be answered in the
affirmative.

Turning to the geological map (Pl. 1), a symmetry around a median
line through the 2nd Intermediate Layer may immediately be observed.
On both sides of this layer thick pyribolitic members occur, the Great
and the Pas Pyribolites respectively. Then follows a gneiss layer which
in turn is succeeded by a thin pyribolite layer (Little Pyribolite) or a thin
layer of gabbro-anorthosite. Knowing from the Smalledal structure that
pyribolite and gabbro-anorthosite from a structural point of view can
be considered as ‘isomorphous’, the symmetry shown by the rock layers
in the northern part of the Tovqussaq dome can be said to fulfil expecta-
tions perfectly.

Since the outcrop pattern favours the idea of a repetition, the next
step in the analysis will be to look for more direct evidence of the existence
of a recumbent structure which could cause the duplication. Such evi-
dence is close at hand. Around the Ankerbugtdal there occur within the
light coloured gneisses of the 2nd Intermediate Layer two (at present
synformal) hinge zones, which indicate the existence of a more deep-
seated hinge zone which causes the Great and the Pas Pyribolites to join
up into one layer, fig. 73. The axes of the visible parts of this complex
hinge zone plunge moderately to ESE (fig. 71, stereogram II). A little
further to the west, E—W trending horizontal axes have been observed.
Allowance being made for the deflection of these linear structures by the
doming and refolding, an original more or less E-——W trend of the hinge
axis in this large recumbent structure may be inferred.

Since the symmetry described in the outcrop pattern around the
2nd Intermediate Layer is also valid for the rest of the dome (with the
exception of the disappearance of the outermost thin pyribolite layer in
the southern portions of the structure) it may be concluded that the dome
structure has been formed entirely within the flanks of the large recum-
bent structure.

An amplitude of more than 10 km for the recumbent fold can there-
fore be estimated, i.e. the structure may be termed a nappe.

Before extending the interpretation which lead to the conception of
this large nappe, it may well be worth considering the relations around
the northern part of the dome in more detail. Could any further evidence
for the existence of a buried nappe front be found here? As shown in
fig. 73, which presents a sketch profile through this northern part, the
frontal hinge zone of the nappe should occur at some depth below Skraa-
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Fig. 73. Longitudinal profile through northwestern Tovqussap nuna.

land, the northernmost parts of the nappe being influenced by the syn-
form separating the Smalledal structure and the dome.

Knowing that refolding around the Eastern Antiform at Lejrse
caused the synform separating the Irdal and the Smalledal antiforms
to rise above sea level (see structural stereogram of fig. 66), it is natural
to look for the effect of refolding of the complex Skraaland synform
(fig. 73) by the Western and Eastern Antiforms. Doing this, the arrow-
head-shaped structure shown by the diorite at Gule Hav immediately
attracts attention. In the southern hinge zones of pyribolite within the
Western and Eastern Antiforms this rock may be represented by diorite
where closing antiformally around these structures, and thus there is a
likelihood that the dioritic layer at Gule Hav represents an original thick
pyribolite layer occupying a somewhat similar structural position.

The arrowhead-shaped structure at Gule Hav may therefore be
regarded as the frontal hinge zone of the large nappe which, due to anti-
formal refolding around the Western Antiform, has been lifted above the
present erosion level. This interpretation concurs with the actual observed
small scale double folds within the Gule Hav structure — and with the
more or less E—W trend assumed for the hinge axis of the nappe.

The gabbro-anorthositic band outside the diorite north of Kalot-
bugt and the agmatised pyribolite and amphibolite in the granitic gneisses
east of the Gule Hav would, on this interpretation, represent the outer-
most thin basic marker horizon forming part of the nappe structure.

In PL 2 the outcrop pattern connecting the west coast and the
islands (Kalotten and Ivigssuartoq) has been constructed tentatively in
accordance with the interpretation of the Gule Hav structure just out-
lined. The nappe shown by the thick pyribolite layer is here assumed to
rise once again to the surface in the Kalot structure. The hinge zone of
the nappe would appear here as a closure joining the pyribolite of the
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two islands and the pyribolite of the west coast. This closure would falk
north-west of the Kalot island — just outside the map area.

This interpretation, which is naturally open to discussion, means
that between Kalotnas and Sorthat, the Western Antiform runs within
a larger synform and that the symmetry of the outcrop pattern here is
due to still more complex structures than hitherto believed.

Leaving the western portions of the dome ‘foreland’, we will now
investigate the possible effect of the Eastern Antiform on the frontal
parts of the large nappe structure. Apart from some abnormal WNW-
plunging smallfolds at Nordvestpassagen, no traces of the buried nappe
structure have been found in this region. If not contrary to the nappe
hypothesis, this must mean that the nappe front, although refolded,
does not rise to the present erosion level.

The Eastern Antiform would therefore cause the frontal part of the
nappe to plunge deep below Breddal, where the nappe is enclosed in
the eastern flank of this antiform. To the north-east, the Pakitsoq anti-
form would make the thick pyribolite layers of the nappe structure re-
appear within this composite structure. But before entering into any
further discussion on the connection between the western structures and
the median structure, the implications of the great nappe regarding the
correlation of the different litho-structural units of the southern dome
region should be studied.

As shown schematically in fig. 74, the great nappe has its root
below the southern part of the dome. Assuming that this nappe was
originally formed in connection with the Irdal and Smalledal folds and
applying the simplest possible solution connecting it with these struc-
tures (as done in fig. 74), the following deductions can be made. Where
occurring within the dome, the Frame Layer gneisses occupy a recum-
bent synform which closes deep below the southern part of the dome,
This assumption agrees well with the observed symmetrical nature of
the Frame Layer south of Qaersup ilua. The reconstructed longitudinal
profile of the western region shows furthermore that there are virtually
only five stratigraphic units represented in this region.

1: An upper gabbro-anorthosite-bearing gneiss, which southwards

grades into mixed hypersthene gneiss. Overlying it in the northern

part, a granodioritic to granitic layer can possibly be distinguished.

2: A thin basic layer which is developed either as pyribolite or gab-

bro-anorthosite.

3: A gneiss layer which passes from mixed granodioritic rocks in

the north into more granitic gneisses in the south.

4: A thick pyribolitic layer with abundant ultrabasic intercalations.

5: A lower mainly granitic gneiss layer, which includes the granulites

s. 8. of Lange.
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Fig. 74. Longitudinal profile through western Tovqussap nuna.

This stratigraphic succession is, however, only valid if the western
region was not affected by the very oldest phase of isoclinal folding which
has left its traces in eastern Tovqussap nuna. As will be shown later on,
when the structural connection between the western, the median and the
eastern region has been discussed, it is doubtful if any larger NW-trending
isoclinal structures have ever affected the rock succession of western
Tovqussap nund. The lack of older isoclines in this region is also suggested
by the great similarity between the stratigraphic column just described
and that established from the triple folded eastern structures.

D. The Piakitsoq antiform

An analysis of the minor structures of this composite antiform is
shown in the stereograms I to V of fig. 75. In the northernmost area (I)
the axes are seen to plunge moderately to SSE. The stereogram from
area II shows a significant scattering of the foliation poles near to the
periphery of the diagram. The measured smallfolds, however, show a
corresponding variation which may be attributed to a slight axial dis-
harmony due to the general southerly widening of the structure. It
becomes distended. In area 111, a similar effect may be explained more
easily since the measurements taken within the closure of the inter-
mediate Stjernesg synform (subarea I11b) correspond to a SSW-plunging
axis (b’), while readings from the remainder of area III (IITa) define a
S-plunging axis (a’). Around Ganghgj (stereogram IV) and south of this
region (stereogram V), where the Stjerneso synform is not developed, a
clearer picture is arrived at.
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Fig. 75. Stereograms from the Pakitsoq antiform.
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These stereograms indicate that although composite the Pakitsoq
antiform is a fairly uniform structure with SSE to S-plunging axes, it
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Fig. 76. Generalised map of the Pakitsoq antiform.

runs more or less parallel to the Western and Eastern Antiforms and the
Krebsese antiform. The Pékitsoq antiform, however, is more tightly

compressed than any of the other young antiform structures.
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The complex nature of the Pakitsoq antiform can only be realised
from a study of the outcrop pattern. Fig. 76 shows a slightly generalised
map of the structure as outlined by one marker horizon, the Pakitsoq
Pyribolite. Within the Stjernesg synform, this marker horizon is repre-
sented by a lower and an upper layer, both of which participate in the
eastern antiformal fold, the lower in an extremely complex manner.
The gneiss layer separating the upper and the lower parts of the Pékitsoq
Pyribolite also forms part of the western antiformal fold, but terminates
within the western flank of this fold. If the termination of the gneiss
layer is due to a tight closure, a duplication of the pyribolite layer may
be expected within its northwestern course which is also unusually
broad here. Still further to the north-west, the basic marker horizon
should close within itself, as suggested on Pl. 2, where this north-
western closure has been placed arbitrarily in the Eqaluk fjord. Possibly
detailed mapping of the islands north of the fjord would help to fix the
position of the closure more accurately, but in this case allowance should
be made for the displacement along the Eqaluk fault running along the
southern edge of the islands.

On PL 2 there is shown in addition another closure which makes
the upper and lower parts of the Pakitsoq Pyribolite join up in the eastern
flanks of the main antiform. The existence and position of this closure
is naturally also open to discussion. The reader may think that the author
deliherately places all critical hinge zones under the sea or in lakes, i.e.
where their existence cannot be checked at all. In defence of his recon-
structions the author may, however, plead that hinge zones with aberrant
axes would favour deep-cutting erosion.

In the present case, the two closures have been postulated in order
that the Pikitsoq structure should conform with the western region. The
occurrence of the intermediate gneiss layer in the southern and eastern
parts of the composite antiform suggests that this latter refolds a large
recumbent structure. The frontal parts of this recumbent structure—as
shown by the Pékitsoq Pyribolite—form the two postulated closures at
Eqaluk, one within each of the flanks of the younger antiform. The roots
of the large recumbent structure should be looked for deep below the
southern closures of the young (here composite) antiform, i.e. south of
Ilordlia or Pakitsoq.

Since the younger Pékitsoq antiform plunges to SSE or S, the
refolded recumbent structure can be described as an antiform with
parallel limbs and an amplitude of more than 10 km or simply as a nappe.
This interpretation has been chosen in preference to several other pos-
sible explanations, since it concurs completely with the ideas developed
in the analysis of the western region. Here, good evidence was found in
support of the existence of a great nappe structure, and when discussing
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the effect of refolding imposed on this nappe by the Eastern Antiform it
was concluded that a reappearance of the nappe should be expected
within the Pakitsoq structure.

The extreme refolding which the nappe was subjected to within the
isoclinal to squeezed and composite Péakitsoq structure renders a more
detailed correlation of the rock succession of the nappe from the western
to the median area difficult. The thin pyribolite (or gabbro-anorthosite)
layer, which separates the nappe from the Frame Layer gneisses in the
west (see fig. 74), is imperfectly developed in the median structure. It
may occur in the lower part of the Stjernesa synform closing just south
of Breddal and in the antiformal hinge zone just south of Tlordlia, but it
i1s entirely lacking along both flanks of the Pakitsoq structure. The
gneiss layer, which separates the two parts of the Pikitsoq Pyribolite,
would correspond to the 2nd Intermediate Layer of the western region,
and the Pakitsoq layer naturally corresponds to the Great and the Pas
Pyribolites.

The Frame Layer gneisses of the western region actually continue
into the gneisses around Ganghgj, to which they should correspond ac-
cording to the nappe theory. They should also be represented by the
mixed gneisses forming the core of the median antiform south of the
Eqaluk coast.

The three discontinuous pyribolite layers occurring within the hinge
zone south of Ganghg) cannot be matched with any other known litho-
structural units and are considered by the author to belong to the
heterogeneous Frame Layer succession.

On the existence of still older isoclinal structures in the western
and central region

A study of the geological maps of PL. 1 and Pl 2 shows that the
structural interpretation given above is completely consistent with the
outcrop pattern, although in the western and median regions the inter-
pretation only involved two main phases of folding: an older causing
overturned to recumbent folds trending about ENE and a younger cau-
sing open to closed or even squeezed refolding around SE to S-plunging
axes. In the central part of the western region an intermediate phase
with doming could be distinguished as well.

Features which suggest triple folding have not, however, been
noticed, except in the eastern region. Taking the establishment of the
ENE-trending recumbent structures for granted, a check can be carried
out to see whether or not they enclose older isoclinal structures. For this
purpose the structural connection between the western, middle and

eastern regions must be clarified first. In the east, the recumbent struc-
123 12
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tures comprise a lower recumbent synform and an upper recumbent
antiform. The recumbent synform is underlain by the great nappe of the
middle and western region. In the west the great nappe structure overlies
the Skraaland synform, which is succeeded by the Smalledal antiform,
the Graaryg synform and the Irdal antiform.

In the east, the Midterhgj and Kronehgj isoclines were refolded by
the recumbent structures and naturally exerted their influence on the
resulting outcrop pattern. Had similar isoclines occurred in the west,

Fig. 77. Schematic profiles showing two alternative interpretations of the structures
developed during the first isoclinal folding.

they would also influence the outcrop pattern produced by the sub-
sequent recumbent folding.

In fig. 77 two alternative E—W profiles through Tovqussap nuna
before the onset of the recumbent folding are presented, one in which
large scale isoclinal folding occurs throughout the region (A), and one in
which the isoclinal structures are restricted to eastern Tovqussap nund
(B). Starting from the situation pictured in profile A, and folding up the
great nappe of the western and middle region, we arrive at a quadruple
repetition of the rock units within the nappe. This would mean that all
four pyribolitic marker horizons of the nappe belong to a single horizon
and that the 2nd Intermediate Layer represents the Frame Layer
gneisses. This result does not agree at all with the observed outcrop
pattern around the dome.

Nappe-folding of the rock succession shown in profile B would, on
the other hand, explain all the mapped features.

The Smalledal structures could be fitted better into the pattern
resulting from recumbent refolding of the sequence shown in profile A,
since the central gneiss layer of the Smalledal structure actually carries
enclaves of gabbro-anorthosite—just like the Frame Layer gneisses—but
they are far from being as abundant as within the latter. Their appea-
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rance within the core gneisses is more likely to be due to the overall
increase of this rock type towards north (or NE) within the area studied.

The outcome of this check, therefore, does not favour the idea of the
existence of any larger isoclinal structures in the western part of the
Tovqussaq peninsula.

The rock succession established for the western region (p. 172) can
thus be directly compared to that previously (p. 151) deduced for the
eastern region. Realising that within an area of 25 x40 km at least
(the isoclinal and recumbent folds being unrolled), this succession is
built up of conformable rock members, it seems most probable that it
actually represents the original stratigraphic sequence. The total thick-
ness of the series occurring within the Tovqussaq peninsula is of the
order of 1000 metres.

This completes the geometrical analysis of the major structures. It
need only be mentioned that the author’s conception of the structures
of the western and middle Tovqussap nuné is represented in the struc-
tural stereogram of Pl. 3. This isometric diagram is based on con-
struction (plunge-projection, contour maps, etc.), but is to some extent
interpretative.

Pl. 4 shows the stratigraphical division of Tovqussap nund. The
correctness of this division depends entirely on the results of the geo-
metrical analysis.

12%



VIII. THE KINEMATIC EVOLUTION OF
THE TOVQUSSAQ STRUCTURES

A review of the kinematic evolution of the Tovqussaq structures,
based on the results of the structural analysis, will now be given. This
review also incorporates the post-dioritic phase of the structural evolu-
tion, which, because of its relative simplicity, has not been considered
worth an analytical description.

The ultimate result of the geometrical analysis described in the
foregoing chapter was the establishment of an originally more or less
flat-lying conformable series comprising five stratigraphic members, the
total thickness of which amounts to about 1000 metres. Taking the
usually rather steep plunge of the Tovqussaq structures into account,
this figure may at first sight appear surprisingly low, but repeated
duplications due to refolding account for the moderate thickness actually
arrived at.

The Midterhgj phase

The first tracable structures developed within this series are the
Midterhaj and Kronehgj isoclines of eastern Tovqussap nuné, fig. 78, (1).
The axes of these structures seem to have had an original NW—SE
or NNW—SSE trend. The amplitude of the isoclines must exceed b km
since the synformal closure separating them never appears within the
region discussed. The series affected by the isoclinal folding in the
east is believed to have remained in its original stratigraphic order in
the west, where it was not influenced by the folding. Since this phase of
folding was first recognised from the Midterhgj isocline, it will here be
called the Midterhgj phase.

The Smalledal phase

The Midterhsj phase was succeeded by another phase of folding
during which several recumbent (to overturned) structures with approxi-
mately WSW—ENE trending axes were formed. This younger phase will
here be referred to as the Smalledal phase. As shown in fig. 78 which
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Fig. 78. Schematic diagrams illustrating the kinematic evolution of the Tovqussaq
structures

contains four schematic structural stereograms illustrating the succes-
sive development of the Tovqussaq structures, the folds developed
during the Midterhaj phase (1) were refolded by the later recumbent
structures (2 and 3). In these diagrams, it is assumed that the northern-
most recumbent structures were the first-formed during the Smalledal
phase (2). They comprise the Irdal, the Smalledal and the great nappe
structures. The refolding of the western portions of the great nappe is
believed to have taken place in connection with the somewhat later
development of the overlying recumbent antiform structure (3). Over-
riding of the great nappe by the upper structures would then explain
the refolding of the nappe and the involution formed by its sole. The
effect of this refolding can also be traced in the hinge zone shown by the
Interior Pyribolite in the northern part of the central dome, and in the
originally ENE-trending @renzes fold, see fig. 74. For some reason which
is not fully understood, this refolding only affected the western area, the
median zone being left unaffected by it. Possibly this relation is due to
the effect exerted by the structural ‘front’ build-up east of the median
region by the refolded frontal noses of the Midterhej and Kronehgj
isoclines (see fig. 78 (3)).

The assumed difference in time between the formation of the north-
ernmost and the southern recumbent structures is supported by the fact
that the recumbent antiform above Kronehs) has a more southwesterly
and a steeper plunge than the underlying folds.
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The initial doming

The initial doming of the refolded part of the great nappe most
probably took place at the same time as the refolding, outlasting it some-
what. The doming was accompanied by a transport of rock material
towards the top of the structure. In response to this transport, drag folds
were developed within the central parts of the dome. These drag folds
were more or less controlled by the grain inherited by the rocks from
the Smalledal phase, their asymmetry, however, being dependent on the
kinematics of the dome phase. Possibly the folds shown by the Little
Pyribolite in the Ankerbugtdal were also developed during the initial
doming.

The Pakitsoq phase

The evolution outlined above brings us up to a stage just before the
onset of the refolding around SE to S-plunging axes. The phase of folding
responsible for this refolding will here be called the Pakitsoq phase, since
the Pakitsoq structure owes its formation to this phase in particular.

The refolding of the eastern units caused the development of the
Krebseso antiform and its two flanking synforms, of which the Ridder-
sporen synform is the most important. In fig. 78 (4) the axial planes of
these younger structures are shown schematically on the diagram of the
earlier-formed structures. For a study of the extremely complex struc-
tures resulting from the refolding, the reader may consult the structural
stereograms of fig. 64 and PL 3.

As pointed out earlier, the pre-existing structures have largely
controlled the shape of the structures formed during the Péakitsoq phase.
Perhaps the influence of the older structures has been greatest on the
Pékitsoq antiform proper. This structure, which can be traced throughout
nearly the whole N—S extension of the Tovqussaq peninsula, shows a
remarkable disharmony when compared to the western and eastern
structures. It has also been more tightly compressed than any of the other
structures formed during the same phase. These relations are clearly
dependent on the setting of the pre-existing structures. To the east the
Pakitsoq antiform is bordered by the ‘front’ build-up of the refolded old
isoclines, and to the west the Pakitsoq antiform is bordered by the
initial Tovqussaq dome. Where strongly squeezed (around Breddal),
the Pakitsoq antiform is controlled by contemporaneous refolding
(Eastern Antiform) of the Irdal and Smalledal structures. This means
that the median part of the great nappe has been forced into the com-
posite Pékitsoq antiform just as if it had been compressed between the
jaws of a vice.
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The disappearance of the intermediate Stjerneses synform in the
upper part of the Pakitsoq structure indicates that the latter was formed
mainly by flexure slip folding.

The control of the older hinge zone structures on the smallfolds and
lineations formed during the Péakitsoq phase has already been discussed
in detail, so this point needs no further comment here.

In the western region, the folding of the Pékitsoq phase caused the
development of the Western and Eastern Antiforms and it affected the
earlier formed dome structure, in particular its southern portions. The
initial doming was accompanied by the formation of a depression within
the great nappe surrounding the dome — probably due to influx of
material towards the dome. Compression of these depressions during the
Pakitsoq phase caused antiforms to rise from them. One of them, the
Western Antiform, is limited by the Kalot structure, in which the great
nappe reappears. The antiformal folding of the central part of the
depression makes the frontal part of the great nappe reappear within the
Gule Hav structure.

To the south, where the Péakitsoq phase refolding has left more
traces than within the northern part of the dome, the two flanking anti-
forms have wrapped the outer shell of the dome around their hinge zones.
In this way they join up in the conical S-plunging Blindtarmen antiform,
Refolding of the southern dome also caused a drag out of the Orenwxs
structure parallel to the imposed S-plunging axes.

The dome structure, as it appears now, has a complex origin. The
analysis, however, brings out one important feature, i.e. the initial
doming with diapiric movements falls more or less in a period when a
shift from folding with ENE axes into folding around SSE-plunging axes
took place. During such a shift development of diapir structures becomes
feasible.

The Pakitsoq phase of folding was accompanied by the formation
of granulite facies minerals, i.e. during this phase of folding the Tov-
qussaq rocks were exposed to the highest grade of metamorphism reached
within the area. This also implies that the preceding phases of folding, the
Midterhgj and the Smalledal phases, took place under conditions of
progressive metamorphism. These relations will be discussed in more
detail in the following chapter.

The Langs sub-phase

The central and southeastern parts of the Western Antiform have
been studied in greater detail (see the maps of figs. 11 and 12). Throughout
this region evidence was found which indicated that the formation of
this antiform took place in two steps. This 1s brought out by the presence
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of two sets of folds which show a varying degree of axial disharmony.
The later imposed folds were often formed as shear folds, and their
formation may have been accompanied by the imprint of a foliation
parallel to the slip planes or by the development of recrystallised broader
shear zones resembling zones of flow. Several examples of this late sub-
phase of the Pakitsoq phase were mentioned on p. 166. Here another
example from western Lange ought also to be cited. Very detailed
mapping of the ultrabasic rocks contained within the more or less
gneissified western part of the Pas Pyribolite has shown that these
rocks were first thrown into plastic folds about 5 to 10 metres broad.
During this folding the ultrabasic rocks migrated towards the hinge zones,
preferably the antiformal ones. At a later stage, small scale shear folds
were imposed on the larger disharmonic folds, see fig. 24 A and B.
Discussing the behaviour of the ultrabasic rocks during the Pékitsoq
phase, it may also be recalled that the structures within the ultrabasic
rocks pictured in fig. 22 D, were taken as an evidence of two phases of
folding (p. 83).

The formation of boudins from the smallfolded calc-silicate layers
of northern Lange (fig. 14) could also be pointed to as a result of the
youngest sub-phase of the Pakitsoq folding. Much of the evidence leading
to the establishment of this sub-phase being found on Lange, it may
appropriately be termed the Langs sub-phase.

The formation of the latekinematic diorites (e.g. the Nordnor diorite
and the diorite at Verdens Begyndelse) was contemporaneous with or
outlasted the Lange sub-phase.

The intermediate period

As mentioned in the chapter dealing with the chronological signi-
ficance of the dioritic rocks, the occurrence of dioritic aplites allows one
to distinguish between the Pédkitsoq phase and a post-aplitic phase of
deformation, the posthumous phase (see below). Between these two
phases falls the intermediate period, during which the aplites were formed.
The dioritic dykes, which are older than the aplites, may be influenced
in places by the last spasms of the Lange sub-phase (see fig. 55). Although
the observed material is scarce, the orientation of the aplites seems to be
dependent on the axial pattern of the pre-existing structures (see fig. 54).
The structures of the aplites (fig. 53) suggest that they were formed in a
tensional environment, the dioritisation proceeding along fractures
formed subsequent to and controlled by older fold structures.

It is a well known fact from experimental data that the strength of
a given rock is much less in a tensional field than in a compressional one.
Applying this principle to the Tovqussaq rocks, one realises that changing
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tectonic environment could alone account for the drastic change in the
mode of ‘mise en place’ of the dioritic rocks developed during various
structural stages. In the author’s opinion, there is therefore no reason
to assume that the intermediate period corresponds to any prolonged
time interval accompanied by deep-cutting erosion at the surface.

As to the regional effect of the intermediate period no definite
statement can be made at present, but scattered observations suggest
that this hiatus in the structural evolution may be traced throughout a
large region. North of Tovqussap nuni, at Aldngua, dioritic rocks enable
one to recognise the hiatus. These rocks will be described in the forth-
coming part III of this series of publications. To the south, i.e. south
of Godthaab, the intermediate period was accompanied by the emplace-
ment of basaltic dykelets and sills, which on Qildngérssuit cut a late-
kinematic diorite (BERTHELSEN, 1955). The author also regards the thin
grey aplitic dykes with pegmatitic borders described by H. RamBERG
(1956, fig. 1 of pl. 9) from the Godthaab region as having been formed by
granitisation of original dioritic aplites. In Tovqussap nuné, the con-
tacts of granitised aplites are often seen to have been altered in a
similar way.

The posthumous phase

After the formation of the dioritic aplites, Tovqussap nund under-
went renewed deformation. Since the movements belonging to this sub-
sequent phase were to a great extent determined by the structures formed
during the Pakitsoq phase of folding, the younger episode will be called
the posthumous phase. Some structures developed during this phase have
already been described in connection with the discussion of the chrono-
logical significance of the dioritic rocks. Here it may be added that the
posthumous phase was responsible for the development of the shear-
folding previously described from the core rocks of the dome and the
penetrative movements leading to the grinding down of the intermediate
gneiss layers. Some slip along the contacts between the litho-structural
units of the dome may also have occurred during this phase — in response
to the strain imposed on the light coloured gneisses due to the accumula-
tive effect of contemporaneous penetrative movements. But otherwise
the effect of the posthumous phase on the major structures formed during
earlier episodes of folding seems to be negligible.

The posthumous deformation took place under amphibolite facies
conditions. Where the earlier formed granulite facies rocks (including the
diorites) became influenced by the posthumous deformation, they were
retrograde metamorphosed into amphibolite facies rocks. Because of the
restricted influence of the posthumous movements, true granulite facies
rocks have been preserved in many places and all types of transitions
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between these and true amphibolite facies rocks are found. The most pro-
minent of these transitional types is the purple gneiss. The retrograde
metamorphism of hypersthene-bearing gneiss into purple gneiss was often
accompanied by a change from saccharoidal textures into more typical
interlobate or even amoeboid textures. This change was not, however,
followed by reduction of the grain size. (Quartz may show undulate
extinction and plagioclase bent twin lamellae, but otherwise penetrative
shear movements have exerted only a slight influence in this process of
retrograde metamorphism. The purple gneiss metamorphism corresponds
therefore more or less to a ‘static’ recrystallisation, essentially character-
ised by introduction of water. The term hornfelsing is deliberately avoided
since it would imply quite another origin for this textural change.

The close field association and the complete transition between the
hypersthene-bearing gneisses and the light coloured gneisses, with the
purple gneiss as an intermediate stage, justify the author’s disinclination
to speak of hornfels textures. The transition from purple gneisses into
light coloured gneisses was accompanied by shearing and grinding down
of originally larger grains. This is clearly seen in thin section, although the
process was generally outlasted by recrystallisation. The provenance of
the granitising agents, which caused the present more granitic composition
of the light coloured gneisses, will be discussed in chapter [X in connection
with a general discussion of the metamorphic evolution.

Towards the decline of the posthumous phase, numerous biotite-
bearing quartz-microcline pegmatites were formed. A number of these
became influenced by later movement of more or less mylonitic character
(see below under the Tovqussaq mylonites). Some lens-shaped pegmatites
were not affected by these late movements. As examples of such lenses,
the pegmatites east of Gule Hav and those in the escarpment north of
Kronehgj can be mentioned. In some of these pegmatites there occur
microcline grains which are over 10 cms large, in addition to well devel-
oped biotite crystals.

The Tovqussaq mylonites

This name is given here to a group of sheared and mylonitised
pegmatites and granitised fault and shear zones which were all formed
towards the end of the posthumous phase. They have previously been
described by the author as plastomylonites (BerTHELSEN, 1950). Very
similar shear zones from the Godthaab region have been photographed
by Mrs. M. L. RamsERrG (H. RAMBERG, 1952, fig. 67).

According to the author (loc. cit. p.561), the formation of the
Tovqussaq mylonites “is a process later than granitisation, but must
have followed immediately upon this latter, being the last chance of a
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fairly plastic deformation”. Later studies have shown that this statement
is by and large correct, although the shearing leading to mylonitisation
and faulting took place intermittently in relation to the waning granitisa-
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Fig. 79. Tovqussaq mylonites.

tion, so that some movement was paracrystalline while most was of
posterystalline character.

As stated in the first paragraph of this section, the shearing leading
to the development of the Tovqussaq mylonites may have given rise to
the development of shear zones and mylonites as well as faults. Common
to all types (excluding the clean-cut faults) is the plastic drag seen in the
structures of the surrounding rocks close to the planes or zones of move-
ment. Retrograde alterations, most commonly marked by a pronounced
bleaching due to discolouration of the feldspar, are also prominent close
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to the Tovqussaq mylonites. The width of the mylonites varies from a few
centimetres to several metres. Where not developed from original pegma-
tites, they are often accompanied by granitisation. This may even be
the case along the clean-cut faults. Where a southward-dipping fault
cuts the Pakitsoq Pyribolite east of Snirkelss, the pyribolite of the
hanging wall has been strongly granitised with the resultant formation
of a replacive agmatitic breccia. Where paracrystalline movements have
taken place within the mylonites fine grained dyke-like blastomylonites
were formed. They are very similar to the recrystallised mylonites
described by N. Eperman (1949, p.33) from migmatitic gneisses in
SW Finland. Like the Finnish occurrences, the Tovqussaq blastomylo-
nites resemble acid dykes. '

Fig. 79 A, B, and C, shows some typical examples of mylonite-
pegmatites. In all three sketches a drag may be seen close to the mylonite.
Within the zone of rupture, flaser structures, drawn-out augen, slicken-
sides, foliated pegmatite (MP), fine grained crush zones (dotted), and
ultramylonitic to pseudotachylitic seams (UM), are developed. Fig. 79 C
shows an example where the postcrystalline nature of the mylonitisation
can be ascertained, because a branch of the original pegmatite has been
left unaffected by the shearing.

In addition to the larger mylonites and faults shown on the map
of PL 2, about fifty Tovqussaq mylonites were studied in the field. No
attempt to carry out systematic measurements of the striae on the sli-
ckensides was made since the composite origin of these fractures was
realised at an early stage of the field work. The observations were re-
stricted to strike and dip measurements and determination of the amount
and direction of the displacement along the mylonites with the aid of
the drag.

The equal area projection of fig. 80 shows a stereogram (lower
hemisphere) where the normals to the measured mylonite-pegmatites
have been plotted as black dots. The small arrows attached to some of
the dots indicate the direction of the strike-slip movements of the hang-
ing block (in relation to the foot block). This stereogram shows that the
mylonites can be grouped into three sets according to their orientation.
The ‘average’ mylonite planes of each of these sets are also indicated on
the diagram. The NE-striking set of mylonites (NE-M) dips to SE, while
the set striking more or less WNW (WNW-M) shows NNE dips. The
ENE-striking set (ENE-M) dips steeply to NNW.

Along the NE-striking mylonites the direction of strike-slip move-
ments (of the hanging block) seems always to be towards SW, while the
strike-slip movements observed along the WNW- and ENE-striking
planes are conflicting. Using ANpERsoN’s classification (ANDERSON,
1951), the NE- and WNW-striking mylonites may be said to form a con-
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jugate set of shear planes, the acute angle between which is divided by
the direction of the principal stress, i.e. the mylonites indicate in their
varying orientation a transition from normal faulting towards wrench
faulting. This interpretation of the fracture system would mean that the
hanging blocks of the WNW-striking mylonites should show a WNW
direction of strike-slip movement. Movements with this direction of

Fig. 80. Stereogram (Schmidt net, lower hemisphere) showing the orientation of
some Tovqussaq mylonites.

relative displacement have been observed, but many of the WNW-
striking mylonites show the opposite direction of movement. Since some
of these have been seen to displace NE-striking mylonites dextrally the
author assumes that the conflicting observations on the relative strike-
slip movements along the WNW mylonites are caused by a preferential
reworking of some of these latter in connection with younger wrench
faulting.

This reworking most probably took place in connection with the
formation of a regional system of wrench faults, the Fiskefjord faults,
which displaced earlier intruded post-orogenic basic dykes dextrally.
These cratogenic (i.e. post-orogenic) events have been described in a
recent paper by BERTHELSEN and BripewaTer (1960) and therefore
need not be discussed here.
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Although reluctant to speculate on the orientation of the stresses
responsible for the structures analysed, the author here offers some com-
ment on the possible stresses involved in the formation of the Tovqussaq
mylonites.

The direction of principal stress which can be postulated from the
orientation and kinematics of the conjugate shear formed by the Tov-
qussaq mylonites does not seem to be consistent with the orientation
and kinematics of the shear folds formed during an earlier stage of the
posthumous phase. The compressed shear folds (‘divergentschiefrige
Falte’) on Lange point towards a more or less horizontal directed com-
pression, while the conjugate system of mylonite planes suggests a
different orientation of the direction of principal stress. This possible
change in the stress field towards the end of the posthumous phase may
be due to the fact that the Tovqussaq rocks became more and more
brittle.

The Tovqussaq mylonites can be viewed in consequence as being the
last observable traces of an orogenic evolution — more or less represent-
ing the transitional stage before purely cratogenic conditions obtained.

Summary

This concludes the review of the kinematic evolution of Tovqussap
nund. At this point it should be emphasized that the kinematic picture
arrived at represents the most advanced stage of the structural analysis
and that as such it may be affected by possible misinterpretations during
an early stage of this analysis.

The content of this chapter is summarized in the chronological
scheme of table I. This table also includes the chronological data for the
cratogenic evolution (BERTHELSEN and BrRingwaTER, 1960).

This entire evolution almost certainly belongs to the pre-Cambrian,
since the youngest post-orogenic dykes as far as is known are involved
in the Nagssugtoqidian orogeny north of Segndre Stremfjord (H. Ram-
BERG, 1948; BERTHELSEN, 1957; BERTHELSEN and BRIiDGWATER, 1960).

It is very probable that the orogenic evolution of the Tovqussaq
area took place during the Ketilidian orogeny which formed the ancient
basement rocks of SW Greenland (Wecman~, 1938). This point of view
has previously been put forward by RauBErc (1948) and NoE-NYGAARD
(1952). Later studies in the intervening regions and absolute age determi-
nation (MoorBaTH, WEBSTER and MorcaN, 1960) seem to support this
correlation (BERTHELSEN, 1960Db).

Concluding this chapter, the author wants to point out that Tov-
qussap nund can stand as a type area for a region characterised by
‘tectonique superposée’ in the sense of WEeMANN (1953) and OULIANOFF
(1953).
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Table I.

Chronology of Tovqussap nunA.

Division

Structural characteristics of
period or phase

Younger group of basic dykes

Fiskefjord faulting

Older group of basic dykes

Tovqussaq mylonites

Posthumous phase

Intermediate phase

Langs sub-phase

Pékitsoq phase

Doming

Smalledal phase

Midterhsj phase

Supracrustal period

Dyking along E-W, NE and NW di-
rections

Dextral movements along NE to ENE-
trending wrench faults

Dyking along N-S and ENE-trending
lines

Shearing, mylonitisation and faulting
(para- to postcrystalline)

Shearfolding and largely paracrystal-
line penetrative movements

Dioritisation along tension-conditioned
fractures

Repeated deformation, latekinematic
dioritisation

Open to closed or squeezed folds ge-
nerally with SE to S-plunging axes.
Synkinematic dioritisation

Diapiric movements in the ‘dome’

Recumbent folding (ENE axes} with
partial refolding of first-formed
structures as in the great nappe

Development of isoclines with NW or
N-S trending axes

Sedimentation and extrusion (? intru-
sion}



IX. PETROLOGICAL AND PETROGENETIC
CONSIDERATIONS

The progressive metamorphism and its relation to
the kinematic evolution

Although the structural analysis has revealed that the Tovqussaq
rocks passed through a prolonged and complex structural evolution
corresponding to various stages of progressive metamorphism, no relic
mineral parageneses which, with any safety, can be attributed to these
stages, have been found during the petrographic study. It seems as if
the recrystallisation accompanying the Péakitsoq phase of folding has
obliterated all such traces with the overall production of granulite facies
minerals. :

As to the nature of the metamorphism corresponding to the Midter-
hej and the Smalledal phases, one can only guess, although the style of
the structures developed during the two phases may give a hint to the
metamorphic conditions during these phases. Structures similar to those
developed during the Midterhoj phase are known from many low- to
nearly non-metamorphic terrains, and thus the Tovqussaq isoclines may
have been formed under low-metamorphic conditions.

The recumbent structures belonging to the Smalledal phase show
quite a different style. During this phase the rocks yielded to deformation
in a much more plastic manner, otherwise structures of nappe dimensions
with overturned flanks intact could hardly have been formed. The present
pyribolite layers became somewhat thickened around the hinge zones
(see fig. 59) and were interfolded with the surrounding gneisses (frontal
part of the great nappe, see fig. 73). These relations point to a higher
temperature and pressure during the Smalledal phase. Analogous struc-
tures are described from many amphibolite facies regions, for example
the Sokumvatn area, N. Norway (Rutraxp, 1960). Recumbent folds or
nappe structures have also been described by Demay (1942), Micuor
(1951, 1957b) and HALLER (1955) from migmatitic catazonal areas. A
valuable review of the fold movements in the various structural zones
of the basement has recently been published by Kranck (1957).

Relying on the analogies mentioned, the author considers the Smalle-
dal phase as having taken place during a stage of progressive meta-
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morphism corresponding to amphibolite facies, the mobile stage of the
structural evolution — in Tovqussaq accompanied by migmatisation.
This concept would also explain the onset of the doming with diapiric
movements which outlasted this phase of folding.

The metamorphic evolution outlined here naturally culminates
with the granulite facies metamorphism of the Pakitsoq phase. This
means that the Midterhsj, the Smalledal and the Pékitsoq phases most
probably belong to one and the same orogenic cycle. The structures which
were developed during the different phases, and which were super-
imposed on each other, represent the successive imprints of the different
structural levels (Stockwerke) through which the Tovqussaq rocks
passed on their way ‘down’ into the granulite facies régime. (The same
effect would naturally result from the ascent of the PT curves). As men-
tioned in the foregoing chapter, the posthumous phase, including its
final stage with the formation of the Tovqussaq mylonites, may reflect
the structural events during the start of the ‘rise’ of the region (or the
retreat of the PT curves).

Mineral facies of the Tovqussaq rocks

The discussion of the mineral facies relations of the Tovqussaq
rocks can be restricted to a treatment of the granulite facies parageneses
and the changes imposed on these due to the retrograde metamorphism
attached to the posthumous phase.

The quartz-bearing rocks will be considered first. They comprise
the gneisses, the granulite s. s. and various schists.

The granulite facies gneisses

Most of the granulite facies gneisses are bi-pyroxenic, i.e. they carry
rhombic as well as monoclinic pyroxene. ‘Intergrowths’ of hypersthene
and diopside resembling exsolution textures have been noticed and
diopside often forms a more or less complete rim around hypersthene.
The hypersthene-bearing gneisses contain only small amounts of potash
feldspar, usually in the form of antiperthite. Sphene and muscovite are
totally absent. These gneisses are usually quartz-dioritic although some
of them may approach enderbite in composition. Garnet forms a rare
constituent of some of the hypersthene-bearing gneisses of the Frame
Layer rocks.

In places, the granulite facies gneisses can be traced into purple
gneisses along the strike direction. In other places, hypersthene-bearing
and purple gneisses are interbanded. In both cases, the purple gneisses
seem to have been formed by retrograde metamorphism from originally
pyroxene-bearing rocks. Chronologically, this retrograde alteration dates

123 13
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from the posthumous phase. The term, the purple gneiss metamorphism,
is used here to describe this retrograde process.

The purple gneiss metamorphism

The effect of the purple gneiss metamorphism can be illustrated by
the following pair of reactions (RAMBERG, 1952).

high temp. low temp.

hypersthene -+ anorthite 4+ water % hornblende + quartz (1)
hypersthene + potash feldspar - water % biotite (2)

, Reaction (1) has taken place preferably where there was an in-

sufficient amount of potash feldspar to allow the formation of biotite.
It was accompanied by a decrease in the An content of the plagioclase.
In some samples, reaction (2) seems to have followed immediately on the
uralitisation of the pyroxene, leading to replacement of the newly formed
hornblende by biotite. The biotite formed in this way may show parallel
intergrowth with the quartz originating from the preceding uralitisation.
Where reaction (2) succeeded reaction (1), an increase in the supply of
potash feldspar (potassium) can be inferred.

If reaction (2) 1s taken as indicative of the limit between granulite
and amphibolite facies, the purple gneisses take an intermediate position
between these facies. If not, which is more probable, they represent rocks
incompletely adjusted to amphibolite facies, their relics of hypersthene
only having been preserved because of the dipsenic nature of the retro-
grade metamorphism. The term ‘dipsenic’ is used here in the same sense
as by I. Rosengvist (1952), who introduced it to describe water-deficient
‘metamorphism (dipsenic means thirsty).

The dipsenic nature assumed for the purple gneiss metamorphism
would match the rather ‘static’ character of this. The light coloured
gneiss metamorphism could then be taken as representing the end point
of the retrograde metamorphism where strong penetrative movements
allowed the access of sufficient water for reaction (2) to be completed.

The application of RosExqvist’s principle of dipsenic metamorphism
to the purple gneisses has the advantage that using it the restricted field
occurrence of these rocks may be explained. Except for the purple gneisses
known from the districts surrounding Tovqussap nuné and for some very
similar rocks on the SE coast of Greenland (personal communications
from A. Noe-Nycaarp and H. SerenseN, who have studied some rock
samples collected by R. Bagvap in this region), rocks comparable to the
purple gneisses described in this paper seem scarce. The author has
searched the available literature on granulite-amphibolite facies rocks
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and on charnockitic rocks without finding descriptions of similar rocks.
Since the colour and mineralogy of these rocks are so distinctive, they
could hardly escape notice.

Two features of the purple gneiss metamorphism still have to be
mentioned. The first concerns the potash feldspar. Where hypersthene-
bearing gneisses have been changed into purple gneisses, the plagioclase
usually becomes more antiperthitic and interstitial potash feldspar
appears. Most of the potash feldspar grains show irregular extinction or
microcline grid twinning. From his study of some granulite and amphi-
bolite facies gneisses from SW Norway, K. He1Er (1957) suggests that
the inversion from monoclinic to triclinic potash feldspar takes place
at about 500°, i.e. at slightly lower temperatures than the transition
from granulite into amphibolite facies. Hence monoclinic “orthoclase”
may be found in high grade amphibolite facies rocks. In Tovqussaq
untwinned potash feldspar is rare. The purple gneiss metamorphism
seems to have been accompanied by a ‘triclinisation’ of the potash feld-
spar — in just the same way as the ‘light coloured gneiss metamorphism’
(see below), which also produced grid twinned microcline. If the inversion
from monoclinic to triclinic feldspar can be relied on as a thermometer,
the presence of triclinic potash feldspar in the purple rocks would con-
firm the assumed isophysical nature of the dipsenic purple gneiss meta-
morphism and the ‘wet’ light coloured gneiss metamorphism.

The second feature to be mentioned may or may not be directly
connected with the purple gneiss metamorphism. It is the occurrence of
diopsidic rims on hypersthene grains. Similar textures have been described
by P. Quenser (1951, p. 253, fig. 12) from some intermediate charno-
ckites from Varberg, SW Sweden. K. PArras (1958, p. 100) has described
diopsidic exsolution lamellae in hypersthene from charnockites in SW
Finland. He assumes that an original calcic hypersthene became unmixed
with falling temperature (opt. cit. p. 114). The lamellar to more irregular
‘intergrowths’ between diopside and hypersthene in some of the Tov-
qussaq hypersthenes could be interpreted in the same way, and the
diopsidic rims could then represent a slightly more advanced stage in
this reconstitution due to the onset of the retrograde metamorphism.
The external hornblende fringes sometimes found on the diopside rims
may support this assumption.

The light coloured gneiss metamorphism

This expression is used here to designate the more advanced stages
of the retrograde metamorphism which caused the formation of the pre-
sent mineral assemblage of the light coloured gneisses. Pre- to paracry-
stalline penetrative movements were attached to this phase.

13%
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Fig. 81. Schematical sketches of antiperthitic feldspar changing into mesoperthitic
to diablastic feldspar before complete rearrangement into two separate phases.
Microcline is dark shaded.

The light coloured gneisses are generally more fine grained than the
pyroxene-bearing and the purple gneisses. They are granodioritic to
granitic in composition and carry feldspar, quartz, greenish biotite and
accessory apatite and ore. Where the metamorphic reactions are most
advanced, the feldspar forms two separated phases (oligoclase and micro-
cline), but in the transitional stages which connect the light coloured
gneisses to the purple rocks, diablastic intergrowths and mesoperthitic
textures are common (fig. 81, for a fuller description see page 30).
Where the recrystallisation is advanced, the quartz is often packed with
tiny grains of rutile, zircon and ?tourmaline in addition to liquid (or
gas) inclusions. Sphene has only been found in two specimens. When
present, epidote is associated with the mafic minerals and its formation
cannot be regarded as being due to saussuritisation of the plagioclase.
The light coloured gneisses are thus simply amphibolite facies rocks.

Although no relics of former pyroxenes have been found in the light
coloured gneisses, it seems reasonable to assume that, before the onset
of the retrograde metamorphism, they carried granulite facies minerals.
This may also be suggested by the field relations and by their rather high
content of Ba, which exceeds that normally found in granitic rocks
(GoLpscuminT, 1954, p. 253), see table 11. The granulite facies equivalent
of a light coloured gneiss would be a charnockite s. s.

The occurrence of small zircon individuals in the quartz of the light
coloured gneisses poses a separate problem. Zircon is usually regarded
as one of the most resistant survivors to regional metamorphism, but in
the present case it is quite clear that the metamorphism has lead to the
formation of new zircon individuals.
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The inclusion-rich quartz of the light coloured gneisses reminds one
of the quartz found in many granites believed to be of magmatic origin
(see for example JomannNsEN, 1958, Vol. II, pp. 131—137). The occur-
rence, in several of the light coloured gneisses, of quartz cataclasts of an
older generation side by side with recrystallised inclusion-rich individuals
however, rules out the possibility of an anatectic origin of the latter. The
typical blasto-cataclastic textures shown by much of the inclusion-rich
quartz also suggest the total absence of any anatectic liquid phase.

The conclusion must therefore be drawn that, as stated above, the
amphibolite facies metamorphism was capable of causing the development
of a new zircon generation. In this process, the introduction of water,
fluorine and boron (considered necessary for the formation of tourmaline)
may have played an important role.

The petrographic study of the pyroxene-bearing and the purple
quartz-dioritic rocks showed that these are very poor in zircon, their
constant accessories being apatite and ore. The results of some spectro-
graphic analyses stand in striking contrast to these observations. The
quartz-dioritic rocks show a Zr content of 200 to 300 ppm, while all
analysed light coloured rock types only contain 80 ppm Zr, i.e. rocks
which contain microscopically visible zircon contain less Zirconium
than rocks seemingly devoid of zircon.

These contrasting results of the petrographic and the spectrographic
studies possibly indicate that during very high grade metamorphism
Zirconium does not enter into the usual Zr-mineral (zircon), but becomes
‘absorbed’ in one form or another in one of the common rock-forming
minerals. For this idea the author is indebted to mag. scient. H. MicHEEL-
sEN, with whom he has discussed the problem. Since Mr. MICHEELSEN
has kindly agreed to carry out a thorough investigation of this problem,
it is left aside here.

In this connection it may also be mentioned that Howie (1955,
p- 743) reports ‘‘considerable’” amounts of Zirconium in quartz from
charnockite and garnitiferous leptynite and 400 ppm Zr in plagioclase
from charnockite from Madras, India.

The author would like, however, to draw attention to the distri-
bution of Zr within the different types of rocks. From table II it can be
seen that the Zr content decreases the more granitic the rocks become
in composition. The lowest content (10 ppm Zr) is found in the granulitic
rocks of Langa. This distribution seems incompatible with a magmatic
origin for these rocks, since, if magmatic, the granitic end members
would be expected to be enriched in Zr. If, on the other hand, a sedi-
mentary origin is assumed, the distribution of this particular trace ele-
ment could be explained better. The quartz-dioritic rocks which may have
been derived from greywackes (resistates in a geochemical sense} show
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Table II.

Trace elements of some acid rocks from Tovqussap nuni.
(Analyst Mr. I SgrENSEN, cand. polyt. et lic. techn.)

(ppm)
Rocktype Specimen Ba  Sr Ti Zr Co Ni Cr Mo \' Cu
hyp.-gneiss ........ 4029 G 100 80 2000 200 ftr tr 5 - 50 10
hyp.-gneiss ........ 19246 80- 200 3000 300 20 10 5 - 30 1000
purple gneiss ...... 19276 200 100 1000 200 - tr tr = 10 20
light purple gn.*)... 409 500 500 30 80 tr - - - 30
light col. gneiss. . ... 4041 500 500 800 80 = 50 tr - tr 20
light col. gneiss. .. .. 19302 800 800 500 80 = ir - - tr 5
granulite s.s........ 4037 300 100 100 10 - tr tr - = 5
granulite s.s........ 19264 800 200 10 10 - tr - = - 5

*) This sample does not contain any mafic minerals.

NB! The results shown in this table and tables IIT and IV are based on semi-quantitative
analyses (visual comparison with a standard plate prepared from synthetic standards). The

+ 100,
— 50 /0‘

The sensitivity is as follows:
Ba: 10, Sr: 5, Ti: 10, Zr: 10, Co: 10, Ni: 5, Cr: 4, Mo: 5, V: 10, and Cu: 1 (all in ppm).

accuracy is

a relatively high Zr content (200 to 300 ppm), while the most Al-rich of
the granitic rocks, which probably represent pelitic sediments (hydro-
lyzates), only contain very little Zr. Similar distribution trends due to
varying conditions of sedimentation have been described by Samama
(1945).

It should, however, be added that the biotite schists which have
been studied under the microscope all contain zircon as a common
accessory. If these schists are genetically related to the granulites (which
actually is suggested by their mutual relations in the field), the present
distribution of Zr cannot be used as an evidence of a sedimentary origin
of the gneissic and granulitic rocks. From table II it may also be seen
that the Ti content decreases simultaneously with Zr. Normally, a much
higher Ti content is found in hydrolyzate sediments (Samama, 1945).

The position of the Tovqussaq granulites in the facies classification

Before proceeding with this topic, it should be stated clearly that
the author regards the granulites at Tovqussaq as amphibolite facies
rocks formed during the posthumous phase of deformation. In arriving
at this conclusion the author uses the reaction (for the quartz-bearing

rocks) hypersthene + potash feldspar 4 water = biotite

to draw the boundary between granulite and amphibolite facies. This
means that the purple gneisses are dipsenic amphibolite facies rocks and



I Structural Studies in the Pre-Cambrian of Western Greenland. 199

the light coloured gneisses true amphibolite facies rocks. The granulites
are amphibolite facies rocks because they recrystallised under ampbhi-
bolite facies conditions but nevertheless carry some minerals thought
to be typical of granulite facies. The occurrence of triclinic (grid twinned)
potash feldspar in all the three mentioned rock types would, according
to HEIER’S results (opt. cit.) classify them as amphibolite facies rocks.
Why then call the garnet bearing gneisses granulites?

First of all it should be admitted that the author has been unable
to investigate the composition of the garnets found in the rocks termed
granulites by him. It might have been more prudent to describe them
as garnet-bearing gramitic gneisses. But the occurrence of Plattung
textures within these rocks, a texture which is so typical of the granulite
sensu stricto, made him risk applying the term granulite — irrespective
of the difficulties arising with the system of facies classification.

From the occurrences of retrograde altered diorite aplites within the
granulite at Lange, it may be inferred that the granulites fall within the
same isograde as the light coloured gneisses, to which they also show a
great resemblance in their feldspars. In the field the Plittung texture
characteristic of granulite can also be seen to be related to the com-
pressional shearing of the diorite aplites. But how then could the para-
genesis garnet + potash feldspar survive in the presence of water without
having been completely changed into biotite + sillimanite?

Ramsere (1952, p. 158) assumes that the following two reactions
take place abruptly around the border line between granulite and
amphibolite facies, but he mentions also that increasing Mg/Fe ratio
lowers the equilibrium temperature of reaction (3) relative to (4).

low temp. high temp.
biotite + sillimanite 2= garnet - potash feldspar + water (3)
biotite 2= hypersthene -- potash feldspar 4 water (4)

Of these two reactions, the first (3) can be said to illustrate the
amphibolite and granulite facies parageneses of the present garnet-
bearing rocks, while the second exemplifies the retrograde alteration of
an original charnockitic rock into a light coloured gneiss.

In Tovqussap nund, the field relations suggest that during the post-
humous phase, the ‘granulite facies side’ of reaction (3) was in stable
coexistence with the ‘amphibolite facies side‘ of reaction (4). These con-
ditions might well have been fulfilled if the granulite had a higher
Mg/Fe ratio than the light coloured gneisses. Such a compositional
difference cannot be proved directly due to the lack of chemical analyses,
but it may be inferred indirectly. On Langs, the granulite encloses
boudins of a schistose rock which, due to its content of cordierite and
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cummingtonite, can be considered as a biotite-bearing pyriclasite which
has been exposed to a magnesium metasomatism. Whether the intro-
duction of Mg into these boudins was due to a primary excess of this
element in the surrounding rocks, or whether it should be seen as the
consequence of a larger scale Mg metasomatism is hard to tell. Possibly
the inferred enrichment in Mg within the 2nd Intermediate Layer on
Lange and Tugdlerunarssuit could be explained as a result of the strong
dioritisation to which the pyribolite bands within and around this
unit were subjected during the Pakitsoq phase (see below under the
diorites).

Finally it should be mentioned that Iowering of the equilibrium
temperature of reaction (3) just stabilised the right hand side of the
reaction. Biotite rims on the garnets and the occasional occurrence of
sillimanite and muscovite within the most sheared rocks show that small
changes in physical or chemical environment could drive the reaction
to the left.

This discussion of granulite versus amphibolite facies may appear
academic to some readers. It has nevertheless been dealt with at some
length because, in the present case, a combination of the structural and
petrographic results have made it possible to apply the mineral facies
principle to rocks which at first sight appeared to be in conflict with this
system of classification. Imperfect adjustment of a rock to a new facies
may have many causes — lack of time, lack of water or a particular
chemical situation which stabilises earlier formed minerals. All these
factors must be considered if a reliable concept of the metamorphic
evolution is to be arrived at.

The effect of the posthumous deformation and the retrograde
metamorphism on the schists

The cummingtonite-cordierite-bearing schists referred to above seem
to represent the sheared and retrograde metamorphosed equivalents of
the biotite-pyriclasite schists found in the purple and in the hypersthene-
bearing gneisses. Due to their original high content of diopside these
schists may be regarded as highly metamorphosed marly sediments.

The biotite schists have clearly recorded the posthumous deforma-
tion. In the quartz-free bands, the mafics are biotite and garnet. The
biotite shows bent and contorted lepidoblasts, while the more competent
garnet grains are much less influenced by the deformation. In places,
the impression may even be obtained that the garnet has grown syn- to
posttectonically. The fact that biotite has been welded in between the
pieces of broken garnet grains and has grown as small idioblasts within
these shows, however, that the garnet in reality is pretectonic in its
development,
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In the quartzo-feldspathic layers of the schists, hypersthene is formed
instead of garnet. Here the effect of the posthumous deformation may also
be traced. The hypersthene porphyroblasts have been broken and partly
replaced by biotite. In these rocks zircon is a common accessory both in
the quartz-free and the quartz-bearing bands. It may be contained in
biotite as well as in hypersthene or quartz, as fairly large and rounded
grains.

The formation of the diorites in relation to the mineral facies
classification

Among the various other rock types the diorites take a specific
position, since they were formed syn- to postkinematically in relation
to the Pakitsoq phase. Even if formed at the expense of older rocks, they
are new rocks which only participated in the last part of the structural
evolution. The latekinematic diorites will be discussed first, because the
process of their formation is understood best. They were all formed by
metasomatic replacement of pyribolite layers where the latter occur in
antiformal hinge zones. In the Western Antiform, pyribolite has thus
been transformed into diorite in the arrowhead structure at Gule Hav, at
Verdens Begyndelse, around Nordnor and at Qagssiarssuk. The formation
of these diorites can be attached to the Lange sub-phase.

The conversion of pyribolite into diorite must depend on the intro-
duction of salic material, and eventually a removal of femic material in
order to maintain the isospacial nature of the replacement process. The
material introduced would correspond to the composition of the assumed
dispersed phase in the surrounding gneisses (Si, Al, Na and some K).
The expression ‘dispersed phase’ is used here to designate the material
capable of migration irrespective of whether it migrates by diffusion or
by liquid flow as an anatectic melt (ichor). In the author’s opinion, there
is no evidence which favours the second alternative (see also p. 197).

The transformation of pyribolite into diorite can be illustrated in a
simplified manner by the following reaction, where introduced quartz
reacts with the hornblende of the pyribolite. This reaction is well known
for granulite facies, (PArras, 1959, p. 108).

diopside
Hornblende + quartz = plagioclase - { hypersthene (5)
biotite
(in pyribolite) (introduced) — (in diorite)
This reaction would explain the higher content of light coloured

minerals in the diorite and the occasional coexistence of hypersthene and
biotite in these rocks. (The greater part of the biotite of the diorites is
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still being considered as having been formed during retrograde meta-
morphism).

The onset of the dioritisation during the Lange sub-phase in certain
structurally controlled foci, i.e. the antiformal hinge zones, seems to have
depended on the particular style of folding during this sub-phase. Devel-
opment of foliation planes and zones of intense movement oblique to the
lithological layering caused not only conditions more suitable for long
range migration, but enabled the dispersed phase driven out from the
gneissic cores of the antiforms to migrate into the overlying pyribolite
and react with this.

The structural position of the synkinematic diorites suggests that
an early formation of diorite took place due to metasomatic reactions
along the locally sheared flanks of the major structures. (Pyribolitic
and ultrabasic inclusions in the synkinematic diorites do not favour the
idea of an original dioritic composition of these layers).

Since the dioritic rocks thus formed are definitely more leucocratic
than the original pyribolite, some mafic material may have been removed
during the dioritisation. This means that there should have been an op-
portunity for the contemporaneous formation of more basic or even
ultrabasic rocks. The hypersthenitic rocks at Verdens Begyndelse (p. 121)
could be viewed as the result of a basic front accompanying the dioriti-
sation nearby.

The origin of the postkinematic dioritic dykes and aplites presents
a separate problem. These rocks were formed in a tensional environment
by replacement along the walls of fissures or by migration of material
into the fissures.

Assuming that the dispersed phase present in the Tovqussaq rocks
could migrate towards low pressure regions, i.e. the opening cracks and
fissures, the material introduced into these or gathering around them
would probably have a composition which not only was controlled by the
diffusion coefficient of the elements in question, but also was influenced
by the regional bulk composition of the surrounding rocks. Assuming
that the low pressure conditions in the fissures were maintained over a
sufficiently long period (due to constant opening) even the slowest
migrating elements may have become members of the dispersed phase.

The relative abundance of basic rocks in Tovqussap nund might in
this way have influenced the composition of the dispersed phase and may
have caused its dioritic composition. If the system had been closed, more
granodioritic or quartz-dioritic fissure fillings would be expected in the
gneisses.

The field relations at Dioritnses suggest that the postkinematic
dioritisation proceeded very similarly to the latekinematic one where it
involved pyribolitic or amphibolitic rocks. Ultrabasic segregation rocks
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were formed from the excess mafics and small scale basic fronts may even
have been responsible for the development of the irregular banding
found within the dyke.

The author (BErRTHELSEN, 1957) has previously pointed out that the
exothermal nature of the dioritisation may be the reason why it out-
lasted the deformation (i.e. the Langs sub-phase). Although still unable
to offer any physico-chemical evidence in support of this view, he feels
convinced that it contains the clue to this particular problem.

Mineral facies relations of the basic rocks

The pyribolites

The pyribolites all seem to be characterised by a rather high Mg/Fe
ratio. This may be seen from the only analysis published so far (H.
SerENSEN, 1953, p. 45), and may also be inferred from the diopsidic
composition of the clinopyroxene, the hypersthenitic composition of the
orthopyroxene as well as from the common occurrence of Mg-hasting-
sitic hornblende in these rocks. At first sight the retrograde metamorphism
does not seem to have left any visible traces in the pyribolitic rocks. Their
paragenesis, plagioclase, ortho- and -clinopyroxene, hornblende and
accessory apatite and ore, points towards recrystallisation under granulite
facies conditions. The field relations show also that the thick pyribolite
layers remained nearly uninfluenced by the deformation of the post-
humous phase. Due to the absence of penetrative movements, which
could make possible the introduction of water into these rocks, the
critical granulite facies mineral, hypersthene, has survived.

That the original granulite facies pyribolite has nevertheless suffered
from a dipsenic metamorphism of retrograde character, is suggested by
the peculiar variations now found in the optic constants of the hornblen-
des of this rock. The hornblende lattice, which is capable of accomodating
many different elements, has, so to speak, absorbed all instabilities. One
could therefore speak of a ‘cryptic’ retrograde metamorphism. Occasional
thin hornblende rims to the pyroxenes are further evidence of a retro-
grade trend in the metamorphism.

Due to the weak influence of the retrograde metamorphism it has
been possible to trace some textures developed during granulite facies.
In some samples, the hypersthene can be seen to be in a state of growth.
This feature was noticed by H. SerENSEN (1953).

The only garnet-bearing amphibolite studied (13418) does not carry
diopside and its plagioclase is strongly zoned. H. SerenseN, who also
studied this sample, considers the garnet and hornblende to be secondary
to hypersthene. To this the author can only add that the rock has been
affected by the posthumous deformation and that the biotite (formed at



204 ASGER BERTHELSEN. I

the expense of hypersthene) was influenced by this deformation. A partial
recrystallisation of the hornblende may also have taken place.

The gabbro-anorthosites

From a mineral facies point of view, the gabbro-anorthosites take
a rather dubious position since the association calcic plagioclase and
diopside can be considered as stable in granulite as well as amphibolite
facies. Only textural observations on the relative age of the different
minerals allow one to distinguish between a primary granulite facies
paragenesis and later modifications imposed on this during. the post-
humous phase. Caleic plagioclase, diopside, Mg-hastingsitic amphibole
and apatite are regarded as belonging to the original granulite facies
association. Saccharoidal grains of scapolite possibly also formed part of
this paragenesis.

The following features are attributed to the retrograde meta-
morphism: 1. The possible unmixing of the plagioclase (see p. 46),
2. Uralitisation of diopside, 3. Formation of biotite, and 4. Scapolitisation
of the plagioclase. The last three features necessitate a slight metasomatic
introduction of water and potassium. Such a metasomatism is known to
have taken place in the surrounding gneisses during the retrograde meta-
morphism., Where gabbro-anorthosites have not been exposed to meta-
somatic alteration, their facies relations are difficult to understand.

In a few samples an incipient saussuritisation of the plagioclase may
be noticed. This feature possibly is related to retrograde alteration caused
by late faulting.

Disregarding the slight retrograde or metasomatic effects, it is
remarkable how the original granulite facies paragenesis is maintained
within the gabbro-anorthositic rocks in spite of their varying mode of
occurrence. Hypersthene has never been found in these rocks, nor has
calcite. This constancy in mineral composition (if not in the relative
proportions of feldspar and mafics) indicates that the chemical composi-
tion of the gabbro-anorthosites varies within rather fixed limits. They
are rich in Ca and show a rather high Mg/Fe ratio. Compared to the pyri-
bolites, they are definitely more rich in Al and poorer in total iron.

The calc-silicate rocks

Regarding their parageneses, the cale-silicate rocks show a much
greater variation than the gabbro-anorthosites. They carry a very similar
calcic plagioclase, but their diopside is more hedenbergitic and generally
seems to be Cr-bearing (bluish green colour and high Cr content in the
rocks). Quartz, calcite and an orange brown coloured garnet are com-
monly found in the calc-silicates while they are scarce or absent in the
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gabbro-anorthosites. The occasional occurrence of sphene in the cale-
silicates may be explained by the Ca-rich nature of these rocks, which
feature may make sphene a stable mineral in granulite facies (RAMBERG,
1952). The peculiar inclusion-rich type of scapolite so common in the
cale-silicate rocks has never been observed in the gabbro-anorthosites.
From field observations and from what is seen under the microscope, two
types of cale-silicate rocks are present in Tovqussap nund. The one occurs
as banded layers in the granulite of Lange, the other as enclaves in
different gneisses. In the latter type quartz and garnet are more abundant
and diablastic reaction textures are strongly developed. In spite of these
differences, the two types have such specific minerals as the bluish green
diopside and the inclusion-rich scapolite in common.

In the author’s opinion the occurrence of two types of calc-silicate
reflects original lithological differences and/or variations due to differences
in the metamorphic development within rocks in different structural
positions. Both types are, however, considered to have a common origin,
i.e. they have been derived from more or less impure calcareous sediments
through varying metamorphic and metasomatic processes. Lacking
analyses of these rocks and of their minerals, the author refrains from any
further discussion of their metamorphic or metasomatic evolution. The
descriptions given on an earlier page should suffice to show that they
actually are high grade calc-silicate or skarn rocks.

On the distribution of some trace elements in the basie rocks and
the cale-silicate rocks

Regarding their content of trace elements, the gabbro-anorthosites,
the pyribolites and the calc-silicate rocks show great similarities. Table I11
contains the results of several spectrographic analyses of these three
rock types as well as those obtained from some ultrabasic rocks and a gab-
bro-anorthosite of magmatic origin (xenoliths in basic dykes of Gardar
age from Kobberminebugt SW Greenland). In table IV, the results for
the ultrabasics, the cale-silicates, the pyribolites and the Tovqussaq
gabbro-anorthosites are summarized by calculating the average values.
(These averages are reduced to the nearest round figure).

From these two tables it may be seen that the content of Co, Ni, Cr
and V is rather constant within each group and that it increases when
going from the gabbro-anorthosites through the pyribolites to the cale-
silicate rocks. As might be expected, the ultrabasic rocks are rather
different in their relative content of these elements. They are enriched
in Ni relative to Cr.

Comparing the four analyses of table I1I, it becomes evident that in
the ultrabasic rocks, the Ni content is related to that of olivine. When
olivine gives way to pyroxene, Cr increases relative to N1
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The increase in Co, Ni, Cr and V accompanying the increasing
ferromagnesian content from gabbro-anorthosites to pyribolites seems
quite natural. It is, however, remarkable that the calc-silicate rocks, to
which a sedimentary origin has confidently been ascribed, yield still
higher values for these elements. This has made the author very doubtful
of the validity of trace element determinations as evidence for or against
a particular origin of a rock. Caution is needed when the most ‘sedimen-
tary looking’ type shows the most ‘magmatic’ trace element content.

Table III.
Trace elements of some ultrabasic to intermediate rocks from
Tovqussap nuné.
(Analyst Mr. IB SgrENSEN, cand. polyt. et lic. techn).

{ppm)

Rock type Specimen Ba  Sr Ti Zr Co Ni Cr Mo % Cu
Ulirabasic rocks
Amph.-olivinite .... 35841 - —- 500 tr 100 1500 600 tr 30 20
Hbl.-pyr.-olivinite .. 19281 10 - 500 tr 50 1000 1000 - 30 30
Saxonite .......... 19263 —- - 200 - 30 800 1000 - 10 tr
Hbl.-hypersthenite.. 4035 20 = 1000 30 30 300 600 tr 200 tr
Calc-silicate rocks
Banded layer ...... 18221 A <10 100 1000 <10 30 200 1000 - 100 5
Banded layer ...... 18221 B 10 150 1000 <10 50 300 1000 - 150 1000
Banded layer ...... 18222 <10 30 800 tr 30 300 1000 — 100 10
Skarn enclave...... 35858 10 100 1000 10 10 30 200 = 150 10
Pyribolites
Pyribolite ......... 19273 <10 30 3000 10 30 100 200 - 100 100
Pyribolite ......... 19299 30 50 2000 10 30 200 200 - 80 20
Pyribolite ......... 19242 10 30 500 10 30 100 600 - 100 20
Pyribolite ......... 4048 30 200 400 10 30 200 800 = 100 30
Gabbro-anorthosites
Gabbro-anorthosite 19262 200 80 100 tr 30 100 200 — 20 20
Gabbro-anorthosite 19234 30 100 500 tr 10 30 300 80 30
Gabbro-anorthosite 5097 10 50 100 — 10 60 100 — 20 10
Gabbro-anorthosite 19245 20 100 200 tr 20 100 300 = 50 10
Diorites
Latekinematic ..... 19145 100 300 3000 <C10 10 100 100 — 200 20
Postkinematic ..... 14971 100 150 300 <10 30 300 3000 = 150 tr
Biotite-bearing
pyriclasite schist . ... 35845 50 <10 2000 10 10 100 1000 ?tr 30 tr
Gabbro-anorthosite. .. 19632 500 500 3000 100 10 <10 tr - 50 1000

: 10

of magmatic origin .. 19636 500 500 800 30 tr - tr - tr
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Table IV.

Average content of some trace elements in basic and ultrabasic rocks
from Tovqussap nund.
(Analyst Mr. I SoRENSEN, cand. polyt. et lic. techn.).

(ppm)
Rock types/Elements Ba Sr Ti Zr Co Ni Cr Mo A% Cu
Ultrabasics . .......... <10 = 550 tr 50 900 800 ?tr 70 <10
Calc-silicates .......... §10 95 950 <10 30 - 200 800 - 125  (5-1000)
Pyribolites ........... 20 80 1425 10 30 150 450 - 95 40
Gabbro-anorthosites ... 65 80 250 tr 20 70 225 = 60 20

Recalling what was said on a preceding page about the distribution
of Zr in the acid rocks, the author is inclined to regard the present trace
element content of the various Tovqussaq rocks as being largely de-
pendent on the metamorphic and metasomatic processes to which the
rocks have been subjected.

The trace elements, as well as the ‘major’ elements, formed part of
the dispersed phase and could be re-distributed according to varying
physical conditions which caused the development of new minerals.
When a ‘major’ element entered into a new mineral its affinity to a given
trace element may have been radically changed. If, for example, olivine
forms from dolomite (4 quartz), its Mg might become more liable to
attract Ni. It should also be remembered that no particularly drastic
transport or migration is needed to cause considerable changes in the
distribution of the trace elements. 1f an originally lime-rich layer is altered
into cale-silicate through skarn-metasomatism, the siderophile elements
would be expected to migrate towards the limestone along with the
‘major’ elements. In order to cause an enrichment of Cr of 1000 ppm in
an originally Cr-free limestone, the surrounding rocks (now gneiss or
granulite) need to be impoverished by only 10 ppm over a distance
50 times the width of the calcareous layer. When once started, the process
of migration may carry on in a similar way to a process leading to the
formation of concretions (RAMBERG, 1952).

The ideas just outlined deviate considerably from what generally
has been said about the behaviour of trace elements during high grade
regional metamorphism (Samama, 1945; Howik, 1955; Parras, 1959).
But the author prefers to attribute to the trace elements the same ability
to migrate as the ‘major’ elements, rather than to explain the skarn
enclaves as having been formed from ophicalcites or other carbonate-
bearing rocks of magmatic origin. Addition of volcanic ash to a calcareous
sediment could not explain the present content of Ni and Cr in the calc-
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silicate rocks because this would mean that the Ni and Cr content of the
voleanic rocks proper (which in the present case would be the pyribolites)
should be higher than in the calc-silicates. Shrinkage in volume due to
transformation of an original tufaceous limestone into calc-silicate rocks
might have caused a slight relative increase in the content of the siderofile
trace elements, but it could never explain the present richness of Cr in
the calc-silicates.

It could be argued that the Cr and Ni content of the Tovqussaq
gneisses is much too low if these rocks have supplied the Ni and Cr now
found in the cale-silicates. To this the author can only answer that maybe
the gneisses are deficient in these elements just because they have been
extracted and are now to be found in the ubiquitous basic rocks. From
other granulite facies areas, Cr contents of 200 to 500 ppm have been
recorded from quartz-dioritic gneisses (PArmras, 1959) and granulites
(Sauama, 1945). Thus there are instances in which these rocks contain
sufficient Cr to allow a considerable secondary enrichment in other layers.

Petrogenetic considerations

The completion of the structural analysis brought out that the Tov-
qussaq rocks form an approximately 1000 metres thick succession, the
individual members of which show an overall conformable relationship
(excepting the ‘young’ dioritic rocks). Although metasomatic processes
may have taken place during the progressive metamorphism the author
is more inclined to consider the present lithological characteristics of the
different rock types as inherited from their original composition. This
applies particularly to the basic rocks. In the acid and intermediate types,
metasomatism has played a greater role.

The pelitic rocks (lutogenites) are obviously old argillaceous sedi-
ments and there is not, in the author’s opinion, any doubt about the
sedimentary origin of the calc-silicate rocks.

Regarding the gneisses, the author is most inclined to regard them
as meta-sediments. This is partly because there seems to exist a complete
gradual transition from the metasomatised meta-sedimentary granulites
into the quartz-dioritic types. The possibility that dacitic and rhyolitic
flows and corresponding tuffs were interbedded with the series cannot,
however, be excluded, but when the author most favours a meta-sedi-
mentary origin, he draws from experience obtained in other parts of the
southern Sukkertoppen district. (The results from these studies will be
published as part III of this series).

One problem related to the origin of the acid Tovqussaq rocks is the
provenance of the material which caused the granitisation of some of
these rocks during the posthumous phase. Although in many cases the
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‘granitisation’ can be viewed as merely the result of recrystallisation
with only slight introduction of new material (water and eventually
some potassium), there are also instances where appreciable amounts of
new material were introduced. Considering the water, an introduction
from outside sources could be postulated because of the assumed dry
nature of the original granulite facies rocks. Two features, however, have
to be born in mind: 1) the gneisses are interstratified with conformable
pyribolite layers containing hypersthene, and 2) the retrograde effect
on the pyribolite is so slight that the possibility of migration of water
through these layers can be more or less disregarded. Only where gneissi-
fication of the pyribolite has taken place can water have migrated from
one gneissic member into another. The most probable answer to this
problem seems therefore to be that the original granulite facies rocks
were not all as dry as otherwise assumed. Repeated re-distribution of
the ever present water due to changing tectonic conditions might easily
result in an association which resembles that caused by long range migra-
tion and introduction of juvenile water. Similar ideas may also be applied
to explain the behaviour of potassium.

In Tovqussap nund, the present distribution of the granitic and
granitised rocks suggests that the greatest influence on the distribution
of the granitising agents was exerted during the Smalledal and post-
humous phase of folding.

The origin of the pyribolites will be discussed next. H. SORENSEN
(1953) regards these rocks as metamorphosed marly sediments. According
to SeRENSEN they are related to the diopside-bearing amphibolites of the
Alangua complex further to the north. A volcanic origin of the Tovqussaq
pyribolites, however, might also be inferred. The interstices between
individual pillows of sub-marine lava flows are quite often filled with
lime-rich material and tectonisation and metamorphism of such rocks
may well give rise to amphibolitic or pyribolitic rocks with interstratified
bands of calc-silicates. The author therefore wants the possibility of a
volcanic origin of these rocks to be left open. Possibly intercalations of
marls, ash beds and pillow lavas (and eventually early intruded sills)
contributed to build up the present pyribolitic rocks. If the sedimento-
genous origin suggested by H. SereENsEN were the correct one, a migra-
tion of Ni and Cr over long distances would have to be assumed. Taking
the quantitative importance of the pyribolitic rocks into account one
realises that it would be difficult to derive the Ni and Cr needed to build
up their present content of these elements by diffusion from the sur-
rounding gneisses alone. Since no evidence of long range diffusion of
the corresponding ‘major’ elements has been found in Tovqussap nuné,
the author is more inclined to regard the Ni and Cr content of the present
pyribolites as in the main original.

123 14
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In an earlier paper the author attributed a sedimentary-metasomatic
origin to the gabbro-anorthosites (BErTHELSEN, 1957). This idea was
based on the similarity between some of these rocks and the calc-silicates.
Subsequent laboratory work has made him somewhat more doubtful
about this similarity (see above). Having heard that gabbro-anorthositic
rocks (‘blotchy gabbros’) have been found as sills within the low-meta-
morphic rock assemblage of the Labrador trough, much thought was given
to the possibility that the Tovqussaq gabbro-anorthosites are of magmatic
origin.

After searching the literature, the author also found that, although
described under many different names, rocks similar to the Tovqussaq
gabbro-anorthosites (and calc-silicate rocks) are rather widespread.
Examples from the pre-Cambrian of Finland (A.A.T.MgTzGER, 1945,
p. 46; M. HArME, 1954, p. 37 and K. Parras, 1958, p. 58) and of Penin-
sular India (S. Sex and S. RavycHAuDHURI, 1952) as well as some from
the old Paleozoic mountains of Australia (A. J. R. Wurre, 1959) and
from the Hercynian rocks of the Pyrenees (J. ALLaarr, 1958, and H. J.
Zwarrt, 1959) may be cited here. The views presented by these different
authors as to the origin of the rocks in question vary considerably;
tectonic mixing of basic igneous rocks with limestone, intrusion of pri-
mary gabbro-anorthositic material, addition of volcanic ash to calcareous
sediments and iso-chemical metamorphism or metasomatism of shaly
limestones or marls have all been suggested.

Discussing the facies relations of the Tovqussaq gabbro-anorthosites,
the author stressed their uniform mineral composition. This combined
with the occasional occurrence of relic large plagioclase grains (? pheno-
crysts), might be taken as evidence for the magmatic origin of these
rocks. If of magmatic origin, the Tovqussaq gabbro-anorthosites most
probably represent former flows and ash beds and not sills. This parentage
is indicated by the small thickness of the original beds and layers. The
seemingly constant competent behaviour of the gabbro-anorthositic
rocks throughout the structural evolution concurs well with this view.
On the other hand, the calc-silicates, which are believed to be of sedi-
mentary origin, underwent a change in competence — apparently just
before the onset of the Langs sub-phase.

Other features, such as the occurrence of calcite pockets surrounded
by successive reaction rims of plagioclase, diopside and hornblende
(fig. 82) show, however, that the mineral assemblage found in the gabbro-
anorthosites could actually have been produced by metasomatism of
original calcareous material.

As for the ultrabasic rocks, an origin through ‘ultrabasification’ of
pyribolite (hypersthene-amphibolite) has been suggested by H. Seren-
SEN (1953). This ingenious theory is not, however, supported by the more



1 Structural Studies in the Pre-Cambrian of Western Greenland. 211
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Fig. 82. Folded pocket of calc-silicates in pyribolite, Lange.

detailed field observations made by the present author. The ultrabasic
rocks apparently formed independent layers in the original supracrustal
rock series and during the Pakitsoq phase of folding they behaved as
plastic rocks; late, during the Langs sub-phase, they gained in com-
petence. BoweN and TurriLe’s experiments with the MgO-SiO,-H,0O
system have made it evident that olivine and enstatite can form as
stable minerals at relatively low temperatures (Bowex and TuTTLE,
1949). Supracrustal rocks with an ultrabasic chemistry may therefore
recrystallise into olivinitic or peridotitic rocks during high grade regional
metamorphism. The ultrabasic chemistry of the supracrustal rock could
represent either siliceous dolomites or ultrabasic effusives (ophiolites)
— or a mélange of both. Kinetometamorphic differentiation operating
during an early stage of folding may also have contributed to the forma-
tion of rocks of ultrabasic composition (TvoMiNEN and Mikkora, 1950;
Mikxkora, 1955). With his actualistic point of view and remembering the
common occurrence of effusive ultrabasic and basic ophiolites in young
mountain belts (A. Ganssir, 1960), the author is most inclined to con-
sider the Tovqussaq ultrabasites as merely recrystallised ‘ultrabasic’
layers of an ophiolitic rock assemblage.

Concluding Remarks

“The safest way in geology is the old way of inductive science, by
studying nature’s methods in her own great workshops, where they are
available to our direct observation. Only by such field studies, conjoined
with microscopical research, and of course giving due consideration to the

14%*
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Fig. 83. Double fold structures in rock salt, anhydrite, dolomite and ‘Haselgebﬁge’,
Ischler Salzberg, Austria.

important results of modern physicochemical science, we reach a better
knowledge of the petrogenesis of the depth” (J. J. SepernoLm, 1923,
P, 164,

The recognition of the overall conformable relations between the
individual rock members of Tovqussap nuné depends on the structural
interpretation. For example, had not the eastern isoclines ascribed to the
Midterhaj phase been recognised as true fold structures, quite different
conclusions could have been arrived at. The ‘splitting up’ of the pyri-
bolite layers could have been taken as evidence for an intrusive origin
of either the basic or the acid rocks forming the ‘wedge’ structures.

Thus double folding may give rise to outerop patterns which simulate
a discordant relationship between, for example, granitic rocks and layers
of obvious metasedimentary origin. If the regional outcrop patterns
suggest the presence of double folding, apparent discordances cannot be
used as arguments for an intrusive emplacement of the granitic bodies.
Possibly such seemingly discordant granitic bodies actually form the
cores of unrecognised strongly refolded older isoclines.

The conformable relations between the Tovqussaq rock members
suggest that the structures shown by these rocks have been developed
without the introduction of any larger synkinematic intrusions. This
conclusion is of some importance since, in many respects, the Tovqussaq
structures are highly reminiscent of some Finnish structures which are
considered to represent a particular type of ‘intrusion tectonics’ (see,
for example, M. HAirmE, 1954). Thus there may exist convergent struc-
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Fig. 84. Double fold structures in high-metamorphic gneisses from West and South-
West Greenland.

tural styles as well as convergent rock types. Naturally divergent views
on identical features may also exist.

Since E. WEGMANN’s classic paper on diapirism appeared in 1930,
the analogies in the structural behaviour of salt domes and granite diapirs
have been widely recognised by petrologists. In recent years increasing
attention has also been paid to the structural influence of anatectic
(palingenetic) processes (see, for example, A.A.T.MEerzGER, 1947).
While not wishing to actually deny the significance of such processes the
author wishes to point out that their influence may easily be over-esti-
mated. Seemingly orderless small scale structures in gneisses and migma-
tites (the so-called wildfolds) may in many cases be shown by detailed
structural studies to belong to a regular, if complex pattern. If such
rocks are studied primarily from a petrological point of view, they may
erroneously be termed anatexites.

In order to assure oneself that structural disorder is caused by
anatexis, structural analysis is necessary. Paracrystalline deformation
leading to plastic movements within an agmatite of originally replacive
origin may, for example, cause the development of orderless structures
completely without the intervention of anatexis.

As an illustration of this problem, the author presents in fig. 83
four sketches redrawn from H. Mayruorer (1953, pl. 31, Bild 4, 8, 3
and 1). These sketches show the pattern of double folded rock salt,
anhydrite, dolomite and argillaceous and arenaceous ‘Haselgebirge’ from
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the Ischler salt stock in Austria. These structures were formed by
folding of solid rocks with accompanying recrystallisation according to
Riecke’s principle.

For comparison with these drawings, four photographs taken from
double folded gneisses in the pre-Cambrian of W and SW Greenland are
shown, fig. 84. Some geologists might think that these gneisses are
anatexites. However, considering the great analogies between the struc-
tures in the Austrian salt and ‘Haselgebirge’ on the one hand and the
Greenlandic granulite and amphibolite facies gneisses on the other, the
author can see no reason to invoke any anatectic mechanism to explain
the Greenlandic structures.

When the author started his work in Tovqussap nuné in 1949, it
was mainly with the intention of gaining an understanding of the forma-
tion of the Tovqussaq dome, which structure was first recognised by Dr.
Hanxs RamBerc. Having published his first preliminary report (BEr-
THELSEN, 1950) he received a post card from professor BaLx who asked
why normal and overturned dips were not indicated on the map. These
few critical words inspired the author to do his best to clear up the strati-
graphical relations not only in the dome but also in the region surrounding
it, see Pl. 4. In consequence, the main object of the work changed gra-
dually and discussion of the dome forms only a small part of the present
paper.

In the intervening years much has been written about pre-Cambrian
domes. Eskora’s paper on the problem of mantled gneiss domes (P.
Eskora, 1949) has been followed by numerous contributions (e.g.
P. Micuor, 1957).

In 1954, summarizing his experience from Western Greenland where
dome structures are common in several regions, the present author wrote
as follows (translating from the Danish):

“The formation of dome structures in gneissic terrains presumably
depends on one or several of the following factors. —

1. Marked lithological differences between neighbouring stratigraphic
members, or similar differences caused by migmatisation of parti-
cular stratigraphic members, or the presence of primary discor-
dances, All these variations can be grouped under the common
heading: physico-chemical disharmony.

2. Superimposition in time and interference of structural styles be-
longing to different structural levels. (Stockwerke), i.e. tectonic
disharmony.

3. True double folding.”
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At that time the author assumed that the physico-chemical dis-
harmony presented by the different members of what was then called
the Tovqussaq series was responsible for the development of the dome
structure. The results arrived at in this paper suggest that all three fac-
tors played a part. However, had the influence of the posthumous phase
been so strong that renewed diapiric movements had resulted, the com-
posite origin of the structure might have been less evident.

As mentioned on the first page of this paper, it is the author’s belief
that an increasing number of carefully performed analyses of well ex-
posed regions may help to establish a collection of structural styles. He
hopes, therefore, that this paper may have contributed to the building
up of a general picture of comparative tectonics.



X. PEBIOME

B macroameii pabore paccMaTpUBaeTCHs CTPYKRTYPHOE PAasBUTHE
oproro HeGombmoro yuactka Tosryccama Hymd / Tovqussap nund / B
foxxHOi gactn Cykrepronn paiioma /| Sukkertoppen / 8 3anm. I'pennan-
pum [ puc 1 /. DroT HEOGHIKHOBEHHO XOpPOINO OOHKEHHHI yuYacTomx
COCTOUT MB JIO-KAMODUIICKHX TIpaHyJuTHHX # amPuboauTHEX Qanmit
TOPHEIX IOpPOX. B BBefeHMm uasaraercas NPUMEHEHHHH ¢110c06 KapTo-
rpadupoBarus u o6cysrpuaeres nerporpaduueckas HoMenraarypa. Janee
onuckrsaerca nerporpaduma 100 seOpanusix mpod ropHEX TOpox. 3aTeMm
clIeayeT AeTajbHOE OINCAHWE Ie0JOTMYecKoil kaprel [/ Taba. 1 u 2 /.
CrnenualpHaA rpynna TOPHEX IOPOA -— [OWOPUTH — OIUCHBAETCS
0co0eHHO TOPOOHO, TaK KAK OHA HMeeT OOJBIIOE XPOHOJOTMYECKOE
BHAYEHNE

CTPYKTYpHEI aHAJIM8 HAYNHAETCS ONHCAHWEM TIeOMEeTPHYECKHUX
yexoBuil B Bocrounoif wactm ToBryccana Hywmd. Ilpu momomu Kom-
crpykrmit BynsdoBoil ceTkm, CTPYKTYPAIBHEIX HKOHTYDPHBIX KapT H
mpoduiedl IPOBOAUTCS AHAJNNB CJOMKHBIX CTPYKTYDP 9TOTO YIACTHA.
Ananus IIOKaskBaET, 9TO HTH CTPYKTYPH 00pasoBajmchk Oaarofapsa rpém
mocjefoBarebHEIM (asaM ckiaguarocrn. IlomyueHHEE pesyIbTATHI
NPUMEHATCA IOBfHEe IIPU aHAJIM3e B3amajHoll M IEHTPAJBHON dYacTh
Tosxyccana Hym&. Biarojaps sToMy aHAINBY, KameTcs BEDOSTHHIM,
uro ropusie mopoan Toskyccama Hym&, koropkle B Hacroslee Bpems
CHJIBHO MeTaMOp(HEI, MpefcTaBiIAlT c000i0 IepBOHAYATLHYIO TEOCHH-
KJUHAJILHYIO CePHI0, MONIHOCTEI0, IpuMepHO, B 1000 M. u BRIIOUaIONIYIO
IATH BSAUMHO COIJIACYIOIUXCA CTpaTurpagu4ecKux INIaBEBIX dacreil
/ Taba. 1y / Ora cepus ofpasoBasa cHavYaja JIERAINE WBOKJIMHAILHBIE
cknanku, ¢ ocamn upymumu #a G.C.3. | Munrepxéii — ¢asa, Midterhg;j
phase / em. Tabx 1 m puc — /. llo amamormsam mpemmosraraercsi, 4ro
5Ta CHIAAYATOCTH IIPOMBONIIIA BO BpeMd pAHHETO IEePUOKA MeTa-
mopdroro passurus | mudepuaa danus. / sTu CTPYKTYpH 06pasoBain
mMoBfHee KPYIOHEE Jieskadne CKRIAMKM, ¢ OCAMH HAYIUME HPUMEPHO B
nanpasiesnn B.C.B. m ¢ amimmrypoif, KoTopas MOKeT IIPEBHICUTH
10 xm. Ira dasa cwyaggarocrn — CmasurenameBckas ¢asa / Smalledal
phase / copmapmama, momssHO OHITL, ¢ Meramopgosoi ampuGoIMTHOIM

darm.
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Bropumunas ckmaguaTocTh oGmupHOM 3amajnHoif NIOMIATH, BO BpeMs
nocyiefneit gactu Cmasuregasckoil (ase, €087aJ0, 0YEBUAHO, YCIOBUSA
IIA TOCJIENYImero AUONUPUBMA, NIPH KOTOPOM NPOUSOILIO IIepBOe
popmuposanne ToBryccamekoro Kymnoga. 9TOT JUOMMPHEM BHPAMKAICH
B IlepeHoCce IIACTHYeCKHX MaTepHaloB K BEPXOBBH KYIOJA Memay
CIIOSIMU HEKOTOPEIX TOPHEIX IOPOJ [/ rHeiiccoB /. OJTOT AUOTMPUSM
HpOHUBOIIeN, 10 BCeil BEePOATHOCTH, BO BpeMs MBMEHEHNNE HApTHHEL
TeKTOHWYECKHMX [BHKCHMA 1 O0BEJI, IOBUIUMOMY , ¥ HOCHEAVIONell HOBOH
CHJIAAYaTOCTH, HA DTOT pas ¢ OCAME, HaumpasleHHHMH Ha [0.B. — IO.
CrIIQ[4aTOCTD 9T HAYANACH B YCIOBAAX rpanyautHoit daumum. Crpym-
TYPH , KOTOPEE 00pazoBaIuch BO BpeMsA pTof HOBTOPHON CHIAYATOCTH,
| Harurconcras d¢asa Pakitsoq phase /, moraseBaloT mx oTuérnusyio
BABHCHMOCTh OT 00Jiee JPEBHUX CTPYKTYPHHX (opm. B womme Ila-
KUTCOKCKOII (assr Mo:RHO BHZesuTh cy6 — dasy / cy6-dasa Jlamre |,
IpH KOTOPOil KpyTOcTOAMmUE (POILIaNmuOHHLEE [IOCKOCTH BIABIMBAIICH
B paHee o0pasopaBmmecs cKiajuu. MomHO cunrars, 4ro obpasoBamme
NOBTHE-KIHEMATHYeCKHIX JHMOPUTOB HMeI0 MeCTO TaM, THe CJIOH IUpu-
fommToR, GIaromapA WX ABIKEHNIO BROJNL KPYTOCTOAINX (OILTaruoH-
HEX INIOCKOCTeNl B aHTH(QOPMHHX 30Hax crmba, O GoJee Jerko
HNOABEPTHYTH IPOHNKHOBEHWI0 CHIMHHBIX MATEPHAJIOB U3 HUIHKEJIIRAMIX
THelicOB IeHTpasibHO# BOHH cEIagdarocTn. Iocie-KuHeMaTHYecKue
IVIOPUTHEE RUJEL I AIJINTH, ROTOPHIe, IIpefnojaraercd, obpasoBannch
MeTazoMaTHYeCKH, IIPeICTABIAIT c00010 MEePeXORHENl Mepuox BpeMenn
— korga TOBKyccamckHM# YYacTOR ObLI TIOABEPTHYT TEHIHMOHAILHOMY
masieHno. IlepBomavanbHEE TIAHApHEE AININTHL JAKOT BOBMOMKHOCTE
BEIIeIUTH ellle ofHY (asy ABIMREHNA, KOTOPAS MECTAME CHIIBHO 3aMETHA
B JleTaJIbHOH KapTHHE CTPYKTYPHL, HO KOTOpAasd He INPUYHHUIA GOJBIIHX
usMeHeHH# B 0ojiee KDPYOHEIX CTpyKTypax. Jra »post-hume« -daza
00pasoBBIBasack B yeuoBuax amubonuranix Ganuii ¥ compoBoEAATACH
Goyee mIm MeHee IOJHOH perporpammoit Meramopdozoil Goiee gpeBHHX
TOPHEIX TOpoj TrpaHyauTHEX (ammit. Tam, roe rumnepcTeHHBle THEHCH
OBLJIM TONBEPTHYTH JMINE CcAA0BIM BHYTPEHHUM JBIGKEHHAM, OHU
nepeodpasoBa/iick B POTOBYH 00MaHKY — OUOTHT-COTep:;Ramue »Iyp-
UYPOBHE« TIHEHCH; a Tam, Ife BHyTpeHuue jBusKenHus Obuin Gojee
CHJBHBEIMH, OHUM NCPEKPHUCTAJIIN30BANNCE B CBETJIHE OMOTHTHBIE HEHCH .
Ppapymurasie ropabie mopojpel Ha Jlamré [ Lange [ m B Tyrmmepymap-
ckoif ceute (Tugdlerinarssuit) opasosamics raxxe Bo Bpems » post-hume«
-(haser, KOTyia MeCTHOE HOBHIIeHne oTHOmMeHuA MesEIy Mg/ /Fe nomyeriio
cOXpaEeHne | WIH HOBOOOpABOBAaHME | TeTepellHero cOCTaBa MUHEPAaJoB
IPaNyIuTOBOH Qamuy STUX rOPHEIX IOPOJ, HECMOTPA HA TOCHIOACTBYIOHIEe
PT / naBmenuwe — remmeparypa /, KoTopoe mHade Ob mOBeJ0O K 06paso-
BaHWIO TUIHYHBIX aMPUOOINTHHX (amui MUHEpAJOB [/ KAK U B CBETIBIX
OUOTHYHEIX THeiicax /.
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Jra perporpagnas MeTaMop0o3a COMPOBOMAAIACE MECTAME TAKI e I
rpaHuTHBanMeli, BCIEACTBHE MEePerPYHNUPOBKY IIONBIMKHOIO IPAHH-
THOTO MATePUasad IPU TOCHOACTBYIOIINX TERTOHWIECKUX YCJIOBUAX TOTO
spemennt. llox Komer »mocr-rymHOi« ¢asm ofpasoBajmehk mapa-Jo-
MOCT-KPUCTANINIECKIe MUIOHMTEL u  cOpocsl. Hak waseresa, oHE
MPEACTABIAIT €000 NOCIEeNHUE CJeIBl OPOTEHHBIX SBJIEHUN B 5TOM
yuacrie. BrmocmemerBum mpomsomnIo BHegpeHUe IBYX cepmil OCHOBHEIX
IafKOB, PasyeJeHHLX HO BpemeHN 00pasoBaHUeM peTHOHAIbHON CHCTEMEL
paspeiBHEIX cOpocoB, upymux B G.B. mampamienun. 9rtor mociieHIi
KPATOTEHHEI TePHOy] SBOJIOIUN YIaCTKA GBI OIIMCAH PaHee B OTHEIHHOM
pabore |/ Beprembcen u Bpmmpmsorep 1960. / Berthelsen and Bridg-
water, 1960 /.

PaccmarpuBaemoe 37ech OpOreHHOe CTPYKTYPHOE PasBUTHE HAHHOTO
YYACTKA TOJKYETCA KaK OTHeJbHHI reodormueckmit muwia. Ilpepmo-
Jlaraercsi, 4T0 pasiuuHEe (assl CRIALIATOCTH IPEJCTABIAIOT HOCIENO-
BaTeJbHEE CTPYKTYpPHEIE BOBJEHCTBUA, KOTOPHIM OBIIM IOJBEPTHYTHI
TOPHEIE IOPOABI, IPOXOAS Yepe3 pABIUYHBEIE TEKTOHNYECKUE CTAIN
ropuoit renm. Hunemarmueckuit amanms mO3BOJAET, TarkmM 00pasoM,
TIPOCTENUTh BHech KAK BCTYIWTEJNbHHII Iepuoj ONYCHKAHWA, TaK H
nocsaeRyoImuil  mepuon uogsémMa. (OporeHHoe opopMIeHHE YUYACTHA
Tosryccanm mpoN30NIIO, BEPOATHO, B CBASH ¢ HeTHINAUMaHCKUM Mepuo-
JOM CKIAUATOCTH TOpHON Iemm, Koropoe Om0 yeraHoBuneHo E. Be-
rmanaom (E. Wegmann) B 10.3. I'pennaupun.

B nocnepmeit riaBe crepsa o6Cy:RmaeTcd TpPOrpeccUBHAS MeTa-
Mopdosa. 3areM paccMarTpUBAETCA MEHEPAIbHO-(ALMOHAIBHOE IOJO-
siteHNe TOpHHIX mopox Tomryccama. [lamee ofcysrmaloTca pesynbTaTH
HEKOTOPHIX aHAJM30B MHKpodiemeHTOB (trace element). Ilo mmuenuio
aBTOpa BO3MOJKHO JIOKasaTb, 9YTO HACTOSAIIEE COJEPIRAHNE MUKPO-
5JIEMEHTOB B TOPHBIX IIOPO/IaX TOJIBKO OTYACTH OTPAMKAET UX HEepPBO-
HAYaJIbHOE pacipejiesieHne B MCXOJHOM Mmarepnmase. [lame Zr, KoTOpbil
OOBIKHOBEHHO CYHTAETCA OUeHb CTOMKMUM 9JeMeHTOM IPM MeTaMOpPPHEIX
nepeobpasoBaHmAX, BePOATHO, TOKE MOXBEPrCA YaCTHYHON meperpym-
nupoBke. Bricoroe comepmanme Ni um Cr B HEKOTOPHIX CKAPHOBBIX
FOPHBIX IOPOJIaX MOKHO CUYMTATH CBUJETEJIBCTBOM TOrO, 4TO 9TH 3Je-
MEHTHl BBIJeJININCH U3 OKPY:KAIOMNX THEHCOB BO BpeMA CKApHOBOI
MeTazoMOTOSH. WUTo e Kacaercd IIPOUCXOKIEHUA YIBTPOOCHOBHEIX
TOPHEIX IOpox, To asrop orsepraer teopuio H. Cépencena, 4ro oHu
o6pasosasimes us rumecrena — amubonuros. |/ H. Serensen /
Ilpenmonaraerca, 4TO YJALTPO-OCHOBHON €OCTAB 9TUX TOPHHEX IOPOX
IpoOM30NIeT BO BPeMsA TIeOCHHRIMHAJIBHON CTaguu, BO BpeMA KOTOPOU
OHU MOTAY OBITH IPeNCTABJICHH WM KPEMHUCTHIMU XOJOMHUTAMM, WJH,
4yro (oJlee BepOATHO, YJIbTPO-OCHOBHEIMH O(UINTAME U3BEP;REHHOTO
npoucxoxaerna. OcHOBHBIE TOpHHEE HOpPORBl [ mupuboaursr ¥ rabopo-
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AHOPTOBUTH | MODJIM IPOW3OATH WIM U3 M3BePKEHHEIX TeOCHHKJINHA-
JbHHIX IOPOJ], /| MJIN U3 paHee BRITECHEHHHIX CIJLIOB [, WIH U3 Mepreb-
HBIX MJIM WBBECTKOBHIX OTJoskenuii. CpaBHUTEIBHO BEICOKOE COMepHiaHMe
B Hux N1 m Cr ykaseBaer BCE e, 4T0 HePBOYKABAHHOE IIPOMCXOKIEHIE
foJiee BepoATHO. Tak Kak KOJNYeCTBO OCHOBHEIX IOPOJ OYeHb BZHA-
YUTEJIBHO, TO TPY/HO NPEANOHRUTH, 9UTO BORPYT/IERAIAe THeHCH
oMorau Onl HOCTABUTH MM pgocrarouHoe kojawdgectBo Ni u Cr, uroGw
DTH BJIEMEHTHL JIOCTUIVIM TOHM KOHIEHTpAamum B mupnbOaHTax u rabépo-
AHOPTOBHTAX, KHAKOBAA CYIIECTBYeT B HACTOsAIlee BPeMA, €CJIH He
TPEeAIOIOKUTE MUTPANMI0 BTUX DIAEMEHTOB 4epes UPe3BEIYARHO (0JbINTTE
mpocTpaHerBa. Tak Kak THefick u rpapyimtel B ToBKyccane m B
Qammaiinx  00IacTAX MTOKABHBAIT TEHCTWYECKYH CBfA3h € ABHEIMEH
CeIUMeHTOTeHHBIMM TOPOXaMH , TO IPEATIOJAraeTcs , 4YT0 KBapIo/iu0 PHTOBEE
— TpaHUTHHE TMOPOAH SABIAKTCA MeTaMOP(QOSHBIMI U METa30MATHYSCKH
N3MEHEeHHBEIMU (}epHMH IIeCYaHHUKAMU 1 CJIOHIJAMHI.

B cBasm ¢ »T0il HeTPOreHTHYECKOH MCKYCCHeH, aBrop IMPHBOAMT
HEeCKOJBKO ODINX CYMEIeHN{l, Me#ay IpodaM o TOM, IOCKOJBRY
AHATEKTHYECKUE ITPOMECCHl WTPaJid POJb BO BpeMsA TpaHYJIUTHOR U
ampuboautroit aser Meramopubix mpoueccos. Mexomsa us anamorum
MY CTPYKTYpaMu MeTaMop(HBIX OTIOMEHHWH U BEICOKO MeTaMOPQPHEIX
PPEHMAHICKIX THEWCOR, BHIBOJUTCA BaKIIOYEHNE, YTO IIPERNIOIOKCHUE
0 BINAHMY AHATEKTOHUYECKNX IPOLECCOB LIPH 00DPABOBAHMN CJIOMRHBIX
THefICOBEIX CTPYRTYP ABIACTCH WBJIHIIHHIM.

B xoune ofcy:mparored IpuInHHE 00pasoBaHMA KYyNOJBHOI CTPYK-
TYpPH B y4acTKe rHeficOB, Ha OCHOBAHWU Pe3YIBTATOB KUHEMATHIECKOTO
anaiusa ToBKyccallcKOTO KyHoJIA.
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