W Durham
University

AR

Durham E-Theses

The geochemistry of the gr@nnedal- ika alkaline
complex, South Greenland

Gill, R. C. O.

How to cite:

Gill, R. C. O. (1972) The geochemistry of the gr@nnedal- ika alkaline complex, South Greenland,
Durham theses, Durham University. Available at Durham E-Theses Online:
http://etheses.dur.ac.uk,/9359/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://www.dur.ac.uk
http://etheses.dur.ac.uk/9359/
 http://etheses.dur.ac.uk/9359/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk

THE GEOCHEMISTRY OF THE GRdN_NEDAL-iKA

ALKALINE COMPLEX, SOUTH GREENLAND.

R.C.0O. Gill, B.Sc. (Manchester)

Thesis submitted for the Degree of
Doctor of Philosophy,

University of Durham.

Department of Geology,

February 1972.




ABSTRACT

Analyses are given of 137 foyaites and related syenites fram
the Grgnnedal-fka alkaline complex, South Greenland. The distribe
ution of the felsic normative components in the Lower Laminated
Series (Emeleus 1964) is interpreted partly in terms of the early
settling of nepheline followed by nepheline and feldspar together.
The laminated feldspathic syenites identified at the top of the
Lower Series are described and their significance is discussed. The
Upper Series shows no pronounced differentiation of felsic camponents.

The problem of describing systematically the complicated
chemical variation among the cumulus rocks of the complex is to same
extent overcome by the application of R-mode factor analysis, the
pPrinciples of which are explained.

The chemical characteristics of the various minor syenite units
distinguished by Emeleus (1964) are described. Chemical comparisons
between all of the syenite units leads to the postulation of three
broad '"magma associations!” contributing to the complex.

Analyses are also given of 50 alkaline dykes belonging to later
magmatic episodes. From relationships in the system NaZO-KZO-AIZOB-
Sioz, it is argued that the members of the peralkaline phonolite
suite are related principally by the fractionation of feldspar
550r4oAn5 in composition. The bearing of these

rocks on phase equilibria in the analogous natural system is discussed,

approximating to Ab

and consideration is given to the possible origins of the initial
peralkaline phonolite magma. The chemistry of a number of severely
altered dykes of the same type is considered; and an account is given

of the chemical and mineralogical changes occurring during alteration.

(1)



The geochemistry of suites of lamprophyric and trachyte
dykes is examined and possible relationships between them are
discussed.

Finally, the magﬁa types thought to be represented in the
complex are reviewed, and the significance of their distribution

in time is considered together with possible modes of origin.
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CHAPTER 1

INTRODUCTION

History and Scope of Investigation

The Grgnnedal-Tka complex, situated roughly eight kilometres
E.N.E. of Ivigtﬁt, is among the smallest of the alkaline plutons
of the Gardar province of South Greenland. It was intruded at
an early stage in the Gardar period, and consequently the complex
has been subjected to much of the faulting which occurred during
Gardar times, having first suffered intense brecciation in places
during the emplacement of a carbonatite plug. At various times
throughout the Gardar the complex has been intruded by dyke swarms
of varying intensity and composition. It is hardly surprising,
therefore, that the complex is the most disturbed and altered of
the major alkaline plutons of the area; and this fact, cambined
with the indifferent exposure; has been and still is a major
obstacle to the interpretation of its structure and development.

Although the existence of nepheline syenites in the Ivigtﬁt
area was recognised in the middle of the last century, no
systematic mapping of the complex is recorded prior to the work
of Ussing and Bdggild in the first years of the present century.
The complex was studied in more detail by Callisen (1943), but b&
far the most complete investigation is that of Emeleus (1964).
From the detailed reconstruction of the pre~faulting, pre~dyke
configuration of the intrusion; Emeleus distinguishes two series
of laminated nepheline syenites separated by a gneiss raft. The
structure has been intruded by a strongly xenolith-charged body
of porphyritic nepheline syenite; which was in turn disrupted by
the injection of a carbonatite plug through the centre of the

( éﬁ“a;fs;ﬁi i%,
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nepheline syenite mass. Several phases of nepheline syenite dykes
are recognised in and around the complex; including a ringedyke~like
body exposed at the north-west margin.

The investigation reported in this volume is concerned with the
chemistry and petrology of the syenitic rocks of the complex. The
study stems from the work of Emeleus (1964) and is based on the
specimens collected by him. Accounts are given of the major nepheline
syenite units distinguished by Emeleus; and of later groups of phono-
lite (see Gill in press), trachyte and lamprophyric dykes cutting the
complex.

The various dolerite and basalt dykes found in the area are not
considered. They form part of a regional pattern of basic dykes, and
as such are the subject of research being undertaken by other workers
(Upton 1970).

The carbonatite has been considered only peripherally in the
work reported here. This is not to suggest that its importance is
minor or that its effect on the complex has been insignificant.

The carbonatite does, however, represent a distinct intrusive episode,
and there is no evidence to suggest that there has been any interw
action with the silicate magmas prior to its intrusion. The only
possible exception to this is the Xenolithic Porphyritic Syenite,
which appears to have been intruded in a disruptive manner reminis=
cent of the carbonatite.

In view of these arguments and the expected difficulties with
regard to standards for instrumental analysis; the carbonatite has
not been studied specifically. Its significance should not be
underrated, however, and the body should be a fruitful subject for

a separate investigation. Likewise the detailed mineralogical study




of the complex, to which the present work may be considered a
precursor, must be deferred to a later study.

The specimen numbers used throughout this thesis refer to
the collections of the Greenland Geological Survey (Grgnlands

Geologiske Undersgdgelse, abbreviated to G.G.U.).

Regional Environment

The Gardar alkaline province, to which the Grgnnedal=ika
complex belongs, comprises the youngest division of the Precambrian
of South Greenland. The province consists chiefly of a series of
Plutonic alkaline intrusions akin to the Grdnnedal—fka complex,
which are exposed between Ivigtﬁt; Nunarssuit and Igaliko (Fig.l1l.1l).
The rock types represented in these caomplexes range from gabbro to
alkali granite; syenite and nepheline syenite, the salic types being
greatly predominant. Igneous layering has been developed in many
of the alkaline complexes and this fact; together with the great
size of the larger bodies and the development of exotic rock types
in some of them; places the Gardar among the most important alkaline
pProvinces in the woxld.

General accounts of the geology of the area are given by
Berthelsen and Noe-Nygaard (1965) and Bridgwater (1965). The
character and evolution of the Gardar province is discussed by
these authors and by Sdrensen (1966), Watt (1966) and Upton (in
press). Descriptions of same of the layered intrusions, compiled
from the work of individual authors, are also given in the volume
by Wager and Brown (1968).

The Gardar period is marked by intense faulting. The dome

inant group of faults extends widely across southern Greenland,
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FIGURE 1.1

General geological map of the Gardar province; after

Emeleus and Harry (1970).
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the faults having a WNW-ESE trend. They are large wrenchefaults
which emerge in the Gardar area as the bounding faults of two
large wrench~fault blocks passing with the same trend through Ivigtat
and Nunarssuit (Fig.1l.1). Of equal tectonic importance during Gardar
times was the prominent set of three dyke=fault zones of ENE~WSW
trend passing through the Ivigtﬁt-Grdnnedal-ika area, the Nunarssuite
Isotorq area and the Tugtutaq-Ilimaussaq-Igaliko area respectively
(Berthelsen and Noe-Nygaard 1965). Together the two fault systems
seem to have had considerable influence on the siting of the
plutonic intrusions; nearly all of the major intrusions occur within
the dyke«~fault zoneé; frequently at points where they intersect the
wrench fault features. The Grﬂhnedal-fka complex occurs in the
first of the dyke/fault zones mentioned above; at its intersection
with the Laksenaes fault, a major component of the wrench fault
system. Through their continued activity during much of the Gardar,
both systems have modified the configuration of the complex
considerably (Emeleus 1964, Fig.25).

In addition to the major plutons, Gardar magmatic activity has
produced a considerable variety of dyke rocks.They are described
in the sections of this thesis dealing with the dykes cutting the
Grinnedal-fka complex.

The Grdnnedal-ika complex includes the most important occurrence
of carbonatite in the Gardar province. Minor dykes and plugs of
carbonatite are also seen north of Narssarssuaq (Walton 1965;

Stewart 1964, 1970).

Structure and Petrography of the Camplex =~ a Summary

Only a very brief outline of these aspects of BEmeleus?' (1964)

paper is given here, but further observations are made in later parts
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of the thesis where relevant. The map of the complex published by
Emeleus (1964) is reproduced with permission as Plate 1 of the
thesis, together with his reconstruction of the original form of

the complex (Plate 2). Fig. 1.2 summarises the historical and
intrusive relationships between the units defined in the map; as
envisaged by Emeleus. The abbreviated names used in this thesis are
also shown in the figure. It is proposed to follow Emeleus! practice
of using the word "syenite" to represent '"mepheline syenite" through~
out, unless the contrary is specified. Similarly the term "feldspar™"
may be taken to mean alkali feldspar.

From Plate 1 and Fig.l1.2 it will be seen that the bulk of the
exposed part of the complex consists of two bodies of laminated
syenite; referred to here as the Lower and Upper (Laminated) Series.
The Lower Series consists of foyaite; in which the degree of feldspar
lamination is sametimes marked. Biotite and at least some of the
aegirine~augite have grown interstitially; together with variable
amounts of cancrinite. In many places the fresh lilac-grey foyaite
passes into a brown altered equivalent; and the Lower Series foyaite
is mantled on the west and northewest by a similarly altered Coarsew
Grained Brown Syenite. The foyaite is interpreted by Emeleus as a
bottom accumulation of feldspar and nepheline fram a nepheline
syenite magma. The lamination of the feldspars is taken to indicate
mild convection in the liquid body; but mineral layering is only
poorly developed in this part of the complex. The interstitial
material is regarded as the product of crystallisation of the trapped
liquid.

At the bottom of the Upper Series above the gneiss raft; the

picture is very similar, but the foyaite passes upwards across an



FIGURE 1.2

Diagrammatic representation of the subdivision of the
Grénnedal-ika nepheline syenites proposed by Emeleus

(1964).

A——B A cut by B.
A-—0-> B Xenoliths of A found in B.

A-----B A and B possibly represent same liquid.

Continuous gradation between two named units is represented

by broken lines dividing the two.
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arbitrary boundary into the "Pyroxene-rich Syenite", in which
there is occasionally very pronounced mineral layering. Layers
of more or less normal foyaite alternate with bands rich in
aegirine~augite and minor apatite. In the more mafic syenites;
alkali amphibole becomes a prominent interstitial (poikilitic)
mineral.

Above the Pyroxene-rich Syenite, the Upper Series consists
of foyaite, sometimes laminated and with occasional sodalite,
grading upwards into strongly feldspathic syenite. At the highest
levels of the complex there is a "Coarse-Grained Syenite'" which may
represent the uppermost part of the Laminated Series, but this is
not certain since poor exposure conceals the boundary. The
"Xenolithic Porphyritic Syenite' is a later intrusion.

Much of the central part of the complex is severely brecciated
and impregnated with carbonate as a consequence of the carbonatite
emplacement. Carbonate and cancrinite are quite common as secondary
minerals in other parts of the intrusion, but cancrinite is also
found as a late~stage primary mineral.

The mineralogy of the syenite dykes and the "Granular Syenites"
is qualitativel& the same as that of the laminated series. The
Granular Syenites are of two types. The Biotite-Rich Granular
Syenite forms dykes and sills in and around the Coarse-Grained
Brown Syenite, and resembies the marginal facies of the Lower Series
foyaite. It is referred to in later chapters as GS-l1. The Largew-
Feldspar Granular Syenite (GS-2) forms a large dyke-~like body on

the north~west fringe of the Brown Syenite.



1.4 Sampling for Chemical Analysis

Alteration is widespread in the undersaturated rocks of the
Grdnnedal-ika complex. In the syenites; nepheline commonly shows
secondary incursions of fibrous cancrinite and; in more severe
cases; of gieseckite (a variable fine~wgrained micaceous material).
It is common for either product to replace nepheline completely.
With further alteration the mafic minerals are replaced by chlorite,
amphibole and/or epidote, and carbonate may be abundént. This stage
of alteration often produces a brown appearance in hand-specimen.
Sometimes the coloured minerals are broken down completely into
limonite or similar material, such as in the severely altered
phonolites described in Section 3.

The chemical changes brought about by such alteration may be
severe; and selection of the best preserved rocks for chemical study
has been given some priority in the present work.

In many respects the distribution of alteration in the Laminated
Series is haphazard, although Emeleus (1964) suggests a tendency for
it to be more prevalent in poorly laminated and unlaminated rocks.
Two units are however systematically altered throughout; namely the
Coarse~Grained Brown Syenite associated with the Lower Series, and
the feldspathic syenite found at the top of the Upper Series. Neither
of these units was sampled representatively in the field and; for
several reasons, systematic chemical study of them has not been
possible.

The objective in selecting material for chemical analysis from
the remaining units in the Laminated Series has been to obtain a
sample which is representative of all exposed parts of the camplex

but which includes only well preserved specimens. In examining the



TABLE 1.1 The coding by which syenite specimens have been

classified according to alteration.

Category

Incipient

Moderate

Severe

Very Severe

Criteria
Cancrinite/gieseckite is marginal or

slightly penetrating into nepheline.

Nepheline is extensively penetrated,
usually by fibrous cancrinite, but
overall extinction of nepheline is

still clearly seen.

Gieseckite completely replaces
nepheline but other minerals are

preserved.

Gieseckite is widely distributed,

mafic minerals are broken down into
chlorite, epidote, amphibole or opaques.
Carbonate and cancrinite are often

abundant.

10



rock collection in thin sectioﬂ; a scale as shown in Table 1.1
has been applied to subdivide the specimens into classes represent-
ing their state of alteration. Adequate coverage of the Laminated
Series was found to be obtained by combining all appropriate specimens
in the "incipient" and '"moderate" groups and augmenting them with one
or two rocks transitional between ''moderate' and "severe". The
sample thus obtained was found to be well distributed over the
vertical column; with the unavoidable exception of the uppermost
part of the Upper Series; which is badly altered (Emeleus 1964; p-17),
and to include specimens from all segments of the complex. The
incidence of alteration and the distribution of superficial deposits
are such; however; that it has not been possible to assemble a series
of fresh rocks forming a traverse up the Laminated Series.

Similar standards of preservation apply to the specimens of the
syenite dykes, the Granular Syenites and the Xenolithic Porphyritic
Syenite selected for analysis. The three samples of Coarse-Grained

Brown Syenite selected are however quite severely altered.
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CHAPTER 2

CHEMISTRY OF THE NEPHELINE SYENITES

ANALYTICAL TECHNIQUES

The elements Si, Al, total Fe, Mg, Ca, Na, K, Ti, S and P
were determined by Xw-ray fluorescence spectrometry on powder
bricquettes using a Cr target. The method for Mn and Zr was the
same except that a W target was used. The analyses were carried
out on a Philips PW 1212 automatic spectrometer equipped with a
vacuum path. Details of crystals and other conditions used
routinely in this department are given by Reeves (1971). A
technique (Appendix 4) for overcoming intermittent electronic
interference has been applied to all analyses reported on the
syenites. Mass~absorption and enhancement differences have
largely been eliminated by using standards very similar in come
position to the unknowns; such corrections as have been made are
described in Appendix 2, in which a list of the standards used is
also given.

Fe(II) was determined volumetrically by the method of Wilson
(1955) and H20 and CO2 by the gravimetric method of Riley (1958).

The instrumental details of the determination of the elements
Rb, Ba, Sr, Pb, Zn, La, Y; Th, U and Nb by X~ray fluorescence
spectrometry are as given by Reeves (1971). The various corrections
applied and the programme !TRATIO' by which the calculations are
carried out are described in Appendix 3.

The analytical data, subdivided according to unit, are

tabulated in Appendix 6, together with C.I.P.W. norms.
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2.2.

THE LAMINATED SYENITES

Chemical Variation in the Lower Series: Classification

Figure 2.1b shows the felsic normative constituents of 31

Lower Series foyaites plotted in the system SiO -NaAlSiO4(nephelinéy

2

KAlSiO4(kalsilite), together with relevant liquidus field boundaries

and invariant points from the artificial system at 1 kb. Ph o
2

(Hamilton and MacKenzie 1965) and 5 kb. Py o (Morse 1969). From
2

this diagram it is clear that the foyaites extend over a consider-
able composition range within the system, but nevertheless lie

within a narrow linear band. At the lower end of the distribution
there is a group of rocks whose compositions fall in the neﬁheline

field of the artificial system at 5 kb. P Above them is an

H_O°
ill-defined transitional group lying betwezn the nepheline~feldspar
field boundaries at 1 and 5 kb. water vapour pressure respectively.
The remaining compositions lie in the feldspar field. Among them
two groupings are distinguishable; one lying close to the 1 kb.
field boundary, the other falling near the feldspar join.

For convenience of discussion; the groups so defined will be
referred to as Groups I, II, III and IV respectively. 1In Fig. 2.1
and succeeding figures they are distinguished by separate symbols;
as defined in the caption to Fig. 2.1. The grouping is nevertheless
an arbitrary one, and a_priori represents no more than a continuous
progression of compositions.

Microscopic examination reveals a relationship between the
petrographic character of a rock and its position in Fig. 2.1b as

represented by the class to which it is assigned. The members of

Group I are particularly distinctive: euhedral nepheline crystals
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FIGURE 2.1

a. Compositions of the Lower Series foyaites plotted in the
silica=undersaturated part of the system (Na20+K20)-A1203-
5102 expressed in molecular proportions (Bailey and
Macdonald 1969; Gill, in press). The point F represents
the composition of binary alkali feldspar. PT is the
nepheline-feldspar phase boundary, and Q, m and e are the
nepheline syenite minima and eutectic in the system Sioz-

NaAlSiO4--KAISiO4 at O, 1 and 5 kb respectively. The

P
H
20

lines A-A!'! and B-B! are "sodium~loss lines", indicating
the loci of compositions from which successively greater

amounts of sodium are subtracted (see Chapter 6).

b. Felsic normative minerals of the Lower Series foyaites

plotted in part of the system Sioz-NaAlsiO --KAlSiO4 (weight

4
proportion). The invariant points and field boundaries of -
the system at 1 kb (Hamilton and MacKenzie 1965) and 5 kb

(Morse 1969) water vapour pressure are also shown (as "1 kb"

and "5 kb'" respectively).

In both diagrams, square symbols represent well laminated rocks,
circles those in which there is poor lamination or none at all.
Symbols are filled differently to show the groupings discussed

in the text:

O 0O Group I Nepheline~rich syenites

e B Group II .

Q D Group III } Intermediate types

© O Group IV Feldspathic laminated
syenites

Members of the marginal sequence 27126, 27127, 27129 and

27130 are arrowed.
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of widely varying size are found in great abundance, the smaller

ones being often enclosed in perthitic feldspar whose poikilitic
habit contrasts with the well-developed lath habit seen in the
majority of the foyaites (Plate 3). The interstices of the rock

are usually filled with cancrinite; which is optically continuous
over large areas, rounding off the corners of the nepheline crystals;
and with biotite and aegirine-augite. The content of ferromagnesian
phases is often quite 1arge; and there is some evidence that a small
amount of pyroxene settling has occurred (for example, the synneusis
clusters of pyroxene grains seen in some thinesections).

In the transitional groups II and III; the large feldspar
laths of perthitic feldspar, which are rare in the Group I syenites;
assume more normal abundance. Nepheline is still a major mineral,
and cancrinite is common interstitially. Biotite and pyroxene occur
in variable relative proportions.

In contrast, the members of Group IV are distinctive feldspathic
syenites in which pronounced lamination of feldspar has been developed
(Plate 5). Nepheline and its alteration products are relatively
scarce; alteration to fibrous cancrinite and gieseckite is often well
advanced, particularly when nepheline occurs close to areas of biotite.
The alteration o the nepheline makes it impossible to establish its
place in the order of crystallisation with certainty. Traces of
euhedral outline are often discernible; but in view of the strong
tendency of nepheline towards idiomorphism this observation may not
necessarily indicate an early appearance of the mineral. Biotite is
the dominant ferromagnesian mineral; occurring interstitially; it is
commonly oxidised and altered to chlorite.

The alteration of nepheline is well advanced in the syenites of
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Group IV. All members of the group are corundum-normative, a
characteristic which is often attributable to the breakdown of
nepheline into micaceous products (see Chapter 6). However, the
bulk chemical changes resulting from alteration are regarded as
small in view of the low abundance of nepheline and its replace=
ment products in the Group IV rocks, and other factors may cone
tribute to their aluminous character.

More serious changes have to be anticipated when comparable
alteration is seen in nepheline~rich rocks. Such is the case in
27092, 27272 and 126703. Reference to Fig. 2.la shows that these
three rocks are among the most aluminous of the Lower Series
Syenites. The chemical changes accompanying the formation of
gieseckite from nepheline are by and large limited to the loss of
sodium (see Chapter 6) and in Fig.2.la this process is represented
by two "sodium-loss paths" AA' and BB'. Reconstruction of possible
original compositions for the three rocks mentioned suggests that
it may be necessary to adjust the classification based on Fig. 2.1b
with respect to these specimens. In thin section 27092 resembles
an intermediatewgroup syenite rather than the feldspathic type
with which it appears to be associated in Fig.2.1b, and its
position in Fig. 2.la suggests that it may belong to either Group
IITI or Group IV. Similarly 27272 and 126703 may belong to Groups

I and II respectively.

Composition in Relation to Structural Position in the Lower Series

Because of the irregular structure of the Grdnnedalnfka
complex, attempts to relate chemical variation in the laminated

syenites with structural height or any similar concept of position
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(c.f. Wager and Deer 1939, Kempe et al. 1970) produce no systematic
trends whatsoever. The failure of this approach, which produces
rather scattered plots even when applied to a symmetrical intrusion
(Kempe et _al. 1970), may be related to the necessity in the
Grgnnedal-ika complex of correlating specimens which are widely
dispersed along the strike of lamination or layering. It has not
been found possible; for the reasons discussed in Chapter 1, to
collect specimens systematically on a complete traverse of the
Laminated Series.

There is nevertheless a distinct correlation of rock chemistry
with position in the Lower Series foyaites, as can be seen from
Fig. 2.2, in which specimen localities are shown in terms of the
classification evolved in the foregoing paragraphs. For the
purposes of Fig. 2.2; 27092 has been assigned to Group III; 126703
to Group II and 27272 to Group I. The symbols used in Fig. 2.2 are
those defined in the caption to Fig. 2.1.

Fig. 2.2 shows that the nepheline=rich syenites of Group I are
found in the lowest exposed parts of the Lower Series foyaite. (The
one exception is 27277, a mafic syenite whose position in Fig. 2.1b
may be influenced by the disparity between normative and actual
pyvroxene compositions. This discrepancy and its consequences are
discussed in relation to the mafic syenites of the Upper Series,
where the effect is more pronounced). The well laminated feldw
spathic syenites (Group IV), on the other hand, form a band at the
very top of the Lower Series outcrop. The rocks of Groups II and
ITTI occupy intermediate positions in the field; and in some cases

the two overlap geographically.
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FIGURE 2.2

Specimen localities of the analysed specimens of Lower Series

foyaite and Coarse~Grained Brown Syenite, showing the

geographical distribution of the chemical/petrographic groups

distinguished in Fig. 2.la. Only those parts of the complex

relevant to the Lower Series are shown.
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Group I Nephelinewrich syenites

Coarse~=grained Brown Syenite

Square symbols represent laminated ro