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Abstract

The Kap Edvard Holm complex, situated on the west side of the Kangerdlug-
ssuaq, is one of the major units of the east Greenland Thulean igneous province. The
largest part of the complex consists of layered gabbros that, like the Skaergaard in-
trusion, were emplaced after the formation of the early Tertiary basalts but prior to
the large monoclinal coastal flexure. Subsequently the layered gabbros were intruded
by the syenites of Kap Deichmann and Kap Boswell. Three separate and major in-
jections of basic magma were involved in the formation of the layered complex, and
gave rise to an earlier, Lower Layered Series to the north, a Middle Layered Series
occupying the central, and a later Upper Layered Series in the southern part of the
complex.

The present contribution is concerned solely with the earliest basic rocks of the
complex, the Lower Layered Series, which form a group of rhythmically banded
cumulates some 3900 m in thickness. There is no chilled margin exposed and at the
only locality in which the Lower Layered Series are exposed close to the Pre-Cam-
brian gneisses, an earlier fine-grained marginal gabbro, 100 m in thickness, lies be-
tween the rocks of the layered series and the gneisses.

The mineralogy of the series is described and includes details of the plagioclase
zoning at various heights in the layered succession, the compositional trends of the
clinopyroxenes and olivines, and also some details of the primary and secondary
amphiboles, and of the iron oxides. Orthopyroxene does not occur, either as a cumu-
lus or interculus phase in the rocks of the layered series.

The Lower Layered Series is divided into a lower and an upper unit, the Lower
Zone A and Lower Zone B cumulates respectively. The lower unit has a maximum
thickness of 700 m and consists of plagioclase-augite-olivine orthocumulates and in-
cludes both extreme feldspar- and ferromagnesian-rich bands. The chemical com-
position of Lower Zone A is illustrated by three analyses of the cumulates and includes
that of a feldspar adcumulate layer. Lower Zone B is 3200 m in thickness and displays
progressive cryptic layering from the base of the zone upwards in the succession for
1300 m. Above this level, at a height of 2050 m in the layered succession, the trend
of the cryptic layering is reversed, and these higher cumulates, the composition of
which are illustrated by eight analyses, show progressively decreasing mafic and felsic
indices.

The deduced composition of the original magma from which the cumulates
crystallized is compared with the initial chilled margin of the Skaergaard intrusion.
The Lower Layered Series magma is less tholeiitic in character than that of the
Skaergaard, and has affinities with transitional alkali olivine basalt magma.
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I. INTRODUCTION

he Kap Edvard Holm complex is situated on the west side of
Kangerdlugssuaq, East Greenland (68°5’ N, 31°30" W). The complex
is 15 km from the Skaergaard intrusion (WAGER & DEER, 1939) on the
north-east side of the fjord, and lies to the south of the Kangerdlugssuaq
alkaline intrusion (WAGER, 1965; KemMPE, DEER & WaAGER, 1970). The
complex, of gabbro cumulates and syenites, extends northward from
Kap Edvard Holm mountain to the Hutchinson Gletscher (Map 1 and
Fig. 1), and occupies an area of approximately 300 km?; it is extensively
covered by small glaciers and ice fields. To the west, the intrusion is in
contact with gneisses of the Pre-Cambrian basement complex and to the
south with basalts of early Eocene age. The gabbro cumulates probably
extend under the Hutchinson Gletscher and small remnants of banded
gabbros are exposed on the nunataks along the snout of the glacier and
along the southern part of Admiraltinden. Recent mapping has shown
that the large rognon to the north of Kap Edvard Holm, consists of
basalt and the injection breccia of the Kap Boswell syenite. The relation-
ship of the banded gabbros of Kap Edvard Holm itself to the main gab-
bros of the complex is not known with certainty, but they are now con-
sidered to lie south of the margin of the main complex.
The major part of the basic rocks of the complex are layered cumula-
tes and consist of a lower layered series in the northern area (Plate 1,
Fig. 1 and 2), a middle layered series which occupies the central area of
the complex, and an upper layered series in the southern area. The divi-
sion of the lower and middle layered series is based on the presence of
a major break in the compositional trends of the major cumulus phases.
This break, which occurs at a height of approximately 3900 m. in the
layered series, is coincident with the presence of abundant basalt, gneiss,
gabbro and anorthositic gabbro xenoliths in the rocks of the middle
layered series, in marked contrast to their virtual absence in those of the
lower layered series. Thus only one xenolith (Table I), of a gneiss of the
metamorphic complex, has been observed in the 3 km, 300 m. high
exposure on the west face of the long north-south ridge midway between
Kontaktbjerg and Kap Deichmann, compared with the volume, approx-
imately one fifth, of xenolithic material in the lowest rocks of the middle
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Fig. 1. Map of the Kangerdlugssuaq area showing the position of the Kap Edvard
Holm complex (1), in relation to the Kangerdlugssuaq Alkaline Intrusion, (2), and
the Skaergaard Intrusion (3).

layered series. The division between the middle and upper layered series
is based on a marked petrochemical boundary between the cumulates
in the central region of the complex and those in the southern area, as
well as by a structur boundary (ELspon, 1969).

The contact of the gabbro complex with the country rocks is only
exposed on the western margin of the intrusion, elsewhere the contact
is hidden beneath glacial ice or the waters of Kangerdlugssuaq. The mar-
gin of the intrusion can be observed at the western end of Kontaktbjerg
where a fine-grained and unbanded gabbro (Table II) is exposed over a
distance of 1250 m, forming a unit some 100 m in thickness, and is in con-
tact with gneisses of the basement complex. This gabbro shows only a
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Table 1. Xenolith Analysis

SiOp. o 58.32 Norm

ALO; . oo 18.43 Q 0.44
FeOueovviii i 2.56 Or 0.65
FeO.........o .. 2.96 Ab 63.72
MZO ..ot 2.22 An 16.17
Cal. ... 6.10 Wo 4.96
NaO. oo 7.40 Di En 3.45
KO ' oo 0.11 Fs 1.10
H,Ot ... 0.35 Hy { En 2.08
H,O ... 0.18 Fs 0.66
0 (0 1.00 Mt 3.71
MnO ... 0.05 11 1.90
PO .o 0.34 Ap 0.81

100.02

Xenolith of metamorphic complex (E. G. 6533). Ridge west of Hutchinson Gletscher
Syenite I.
Anal. W. A. DEER.

small increase in grain size across its width and dips inwards at 80° and
shows a distinct fluxion structure parallel to the margin. To the east it
lies under the banded gabbros of Lower Zone B-type (Plate 2 Fig. 1). In
thin section the marginal gabbro is relatively uniform in texture and
contains less plagioclase and more ferromagnesian minerals than the
average cumulates of either the lower or upper layered series. The texture
is also distinctive, the plagioclase occur as interlocking anhedral crystals

Table II. Marginal Gabbro — Analysis

SiOp. oovvi 44.05 Norm Mode
AlL,Og. oo 10.68 Or 2.84
Fe,Op.ovvvven . 475 Ab 17.52  Plagioclase 27
FeO............... 9.25 An 18.43  Augite 42
MgO .............. 13.21 Wo 12.76  Hypersthene 6
CaO........ovinnn 10.60 Di { En 9.39  Olivine 14
Na,O.............. 2.07 Fs 2.16  Hornblende 1
(0 P 0.48 Biotite 4
H,O*+.............. 0.44 Hy { En 2.12  Opaques 6
H,O—.............. 0.00 Fs 0.49
TiOg. oo, 355 { Fo 14.99
MnO .............. 0.19 Fa 3.79
POI .o 0.55 Mt 6.89
PR ! 6.74
99.82 Ap + 50

Marginal olivine gabbro (E. G. 6160). Kontaktbjerg. Anal. J. H. Scoon.
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and the pyroxenes, including relatively abundant orthopyroxene, and
olivines are present as small rounded grains. This recrystallized texture of
the marginal gabbro is consistent with its formation prior to the develop-
ment of the overlying rocks of the lower layered series. In the southern
part of the complex a similar rock occurs on the nunatak at the southern
end of Polaric Gletscher (ELspon, 1969). A more complete account of
the marginal fine-grained gabbro will be given when the investigation of
the middle and upper layered series has been completed.

The cumulates of both the lower, middle and upper layered series
are located within the zone of the east Greenland coastal flexure (WAGER
& DEERr, 1938), and are intruded by dykes of the coastal swarm which
form an en echelon belt cutting the complex in a general south-west to
north-east direction.

Subsequent to the formation of the flexure and the intrusion of the
dyke swarm, the syenites and injection breccias of Kap Deichmann, Kap
Boswell, Barberkniven, Hutchinson Gletscher Syenites I and II and
Kontaktbjerg, were emplaced. The adjacent gabbros are metamorphosed,
here the lighter bands are darker in colour due to clouding of the feldspars,
and in the field the contrast between the ferromagnesian-rich and feld-
spar-rich bands of the metamorphosed cumulates is less conspicuous (Plate
2, Fig. 2). The syenites include arfvedsonite-aegirine-, ferrohortonolite-
hedenbergite- and hornblende-biotite syenites and quartz syenite. The
contacts of the two larger alkaline intrusions of Kap Deichmann and Kap
Boswell with the gabbros are vertical or steeply-dipping outwards and
the Kap Boswell syenite is surrounded by a broad zone of igneous breccia.
In the western area of the complex the rocks of the lower layered series
are extensively veined by a later intrusion of quartz syenite (Plate 3,
Fig. 2), and on Kontaktbjerg and the mountains to the northeast there
is an arcuate zone of gabbro-syenite breccia, 2 km in width. In the central
part of this zone the rock is largely homogeneous in character and inter-
mediate in composition; it is hybrid rock produced by the contamination
of the alkaline magma by basic material prior to its emplacement.



II. THE LOWER LAYERED SERIES

For the purposes of this description of the petrology of the Lower
Layered Series of the Kap Edvard Holm complex, the Hutchinson Glet-
scher Syenite I —gabbro contact is taken as the base of the lower layered
series and heights of the layering refer to this base. The gabbros in the
north-west part of the complex do not present a complete sequence of
the layered rocks due to the wide zone of syenite-gabbro breccia in that
area, and most of the following account is based on the layered sequence
in the north-eastern part of the intrusion (Fig. 2). The heights of the laye-
red sequence on the ridges west of Kap Deichmann can be estimated with
precision, but lack of exposure to the south necessitates projecting the
heights of some of the layering in the area west of Kap Deichmann over
long distances so that their relative positions are less accurately known.
The total thickness of the lower layered series is estimated to be 3900 m.
The first 650 m of the layered series have a distinctive allivalitic texture
(see p. 21) and have been termed the Lower Zone A-type cumulates.
Above 650 m the rocks have a typical coarse grained gabbroic texture and
are named the Lower Zone B-type cumulates.
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Fig. 2. Locality map of analysed rocks of the Lower Layered Series and other localities referred in the text.
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III. MINERALOGY

a) Plagioclase

The plagioclase crystals are zoned in a complex manner and few
generalizations can be made, except that zoning is more marked in the
cumulates of the lower part of the series (Table III). Zoning in the
plagioclase is progressive (normal), reverse, and oscillatory, the latter
including both reverse and progressive types. Progressive zoning from
calcic cores to more sodic peripheries commonly takes place in steps. The
type of zoning also changes from level to level in the series and more than
one type of zoning may occur in the plagioclase within a single thin sec-
tion. In general the cores form a small part of the crystal and growth by
zones of different composition commenced early, so that most of the
cumulus plagioclase consist of a core, a peripheral zone and up to four
intermediate zones. Determinations of the changes in zonal composition
were made on crystals of which four, selected to illustrate the features of
the zoning, are shown in Fig. 3.

Table I11. Composition of Plagioclase (Anorthite per cent)

Height Spec.  Composition of zones

Metres ~ No.  Core Periphery ~ 1yPe of zoning

Lower zone A

3850 3997 77 72 65 progressive
Plagioclase- 3200 6007 80 82 60 62 progressive
augite- 2600 6031 73 67 57 progressive
olivine 2050 6517 67 64 59 54 progressive
orthocumulates 1750 6520 75 77 70 63 oscillatory

1250 6524 81 73 65 progressive

750 6537 80 68 76 63 65 oscillatory

Lower zone B

Adcumulate zone 600 6070 74 82 reverse
Plagioclase-augite- 6086 76 81 reverse
olivine

500

orthocumulates 6067 79 76 80 76 oscillatory
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Fig. 3. Types of zoning in plagioclase. (A) Progressive step zoning, E.G. 6520. (B)
Oscillatory progressive zoning, E.G. 6537. (C) Reverse zoning, (E.G. 6087). (D)
Oscillatory reverse zoning, (E.G. 6534).
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Zoning may arise through several mechanisms. While crystallization
with falling temperatures and changing magma composition could be
expected to produce continuous progressively zoned crystals, this does
not explain the more complex types. In addition, movement of crystals
to a new environment, undercooling and influx of undifferentiated magma
may each separately, and at different periods, have influenced the growth
of feldspar. Oscillatory zoning in some Skaergaard feldspars was ascribed
by CARrRr (1954) to alternations of pressure during the vertical movement
of growing crystals in the convecting magma of that intrusion, and the
oscillatory zoning in some feldspars of the lower layered series can be
ascribed to the same mechanism. Reverse and step zoning may also be
the result of undercooling, as metastable crystallization, followed by
the establishment of equilibrium could also, provided the temperature
difference between the metastable and equilibrium states is appreciable,
result in reverse zoned crystals. If the temperature difference is small,
the change in composition would be very small and would be recorded
by no more than a step-like break in the steady trend to more sodic
feldspar from core to periphery. Reverse and step zoning can also be
explained in terms of magma influxes followed by increases of tempera-
ture in the crystallizing liquid when limited resorption of earlier, more
sodic feldspar, would take place. If the new influxes were sufficiently
large to alter radically the composition and temperature of magma al-
ready crystallizing then the precipitation of more calcic feldspar would
follow. If the influxes were small, such that composition and temperature
were not greatly altered, feldspar crystallization would only be effected
to the extent of interrupting the steady trend to more sodic compositions,
and would result in step zoning with some resorption. Repeated influxes
of magma, each followed by a period of normal crystallization could lead
to oscillatory zoning, and indeed to all the features of the zoning in the
feldspars, and in this connection it is not without significance that the
trend of differentiation is reversed in the upper part of the lower layered
series. On the other hand there is no supporting evidence that under-
cooling took place after each influx of new magma. Any significant degree
of undercooling is unlikely in a magma in which a convective system has
been established, although the incursion of fresh magma would modify
the system and lead to periods of more tranquil conditions. Such a period
of undercooling provides the most probable explanation of the reverse
zoning in the feldspars of the anorthosite zone at the 600 m level. This
is the most distinctive horizon in the lower layered series and consists of
a 50 m thick zone (Plate 3, Fig. 1) in which layers containing over 80 per
cent plagioclase are associated with a number of thinner layers in which
the content of plagioclase, olivine and pyroxene is more nearly that of
the average gabbro cumulates.
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In the anorthosite zone at the top of the Lower Zone A-type cumu-
lates, the reverse zoning in the feldspars, from An,, 4, is clearly related
to the conditions of crystallization associated with the formation of the
allivalitic-textured Lower Zone A-type rocks. As these rocks formed in
the early stages of cooling when heat loss was rapid, conditions favourable
to undercooling would be established with the consequent metastable
crystallization of the primocryst component during this first period of
nucleation. This was followed by the second period of crystallization
which involved the mass nucleation of feldspar after an increase in tempe-
rature and the establishment of equilibrium. During the period of under-
cooling, plagioclase, of composition An,,, was precipitated and was later
followed by equilibrium crystallization resulting from increase in tempe-
rature, which gave rise to the reverse peripheral zoning of plagioclase Ang,
in composition.

b) Pyroxenes

The chemistry and compositional trend of the clinopyroxenes of both
the lower layered series and the upper layered series have already been
discussed in some detail (DEErR & ABBoTT, 1965). The analyses of the
earlier analysed pyroxenes, and two additional analyses of augite from
the 3700 m. level in the layered series and of an augite from a pegmatitic
gabbro are given in Table IV. (Anals. 6 and 7). The pyroxenes do not
show any primary zoning and the change in chemical composition in the
lower layered series is small, ranging from 12.8 atomic per cent (Fe+2 +
Fe+? +Mn) in the Lower Zone A-type plagioclase-augite-olivine cumulate
(E.G. 6067) to 16.3 per cent in the Lower Zone B-type cumulate (E.G.

Table IV. Augites — Analyses

1 2 3 4 5 6 7
ST T 49.69  50.25 50.56  50.61  50.89  49.46  50.22
TiOg. o ovvveenn.. 105 141  0.83 093 110  1.07  1.19
ALOg.......u.... 3.95 3.83 340 401  3.06 448  3.67
FeOgeoovvnnnnnn. 175  1.95  1.46  0.97  1.35 207 243
(o o 0.75  0.2&  — - - - -
FeO............. 6.25 634  7.52  7.98 853  7.90 6.2
MO ............ 047 049 044 025 028 043 042
MgO ............ 15.35  14.85 1479 1451 1424 1468 15.16
Cal......oovn... 20.91 2077 2095 2055 20.48 2017  20.82
NagO.....oovnnn. 049 041 050 042 039 037 043
Koo 0001 001 003 001 001 003 0.2
H,Ot............ 0.03 - 013 - - 0.09 0.2

100.40 100.25 100.31 100.24 100.33 100.45 100.30

(continued)
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Table IV (cont.)

1 2 3 4 5 6 7

Numbers of ions on the basis of 6 oxygens

1) S 1.841 1.859 1.879 1.877 1.893 1.841 1.860
Al L 0.159 0.141 0.121 0.123 0.107 0.159 0.140
Al ... .. ... 0.016 0.027 0.028 0.042 0.027 0.038 0.020
1 0.029 0.039 0.023 0.026 0.031 0.030 0.033
Fets ............ 0.048 0.054 0.041 0.027 0.038 0.058 0.068
Cro..oovinnnn. 0.022 0.007 - - - - -

ME: icoocsissenns 0.830 0.819 0.819 0.802 0.789 0.814 0.837
Fetz .. .......... 0.194 0.196 0.234 0.248 0.265 0.246 0.190
Mn.............. 0.005 0.006 0.004 0.008 0.009 0 004 0004
Ca ..oovvvninnn. 0.830 0.823 0.834 0.817 0.816 0.805 0.826
Na.............. 0.035 0.029 0.036 0.030 0.028 0.027 0.031
K............... - - 0.001 - - 0.001 0.001

Atomic Percent

[ OF: N 431 43.4 42.9 42.9 42.6 41.8 43.5
Mg oisaisnsss 441 431 42.2 42.2 411 42.2 43.0
(Fet?, FetsMn) ... 12.8 13.5 14.9 14.9 16.3 16.0 13.5

1 Augite, plagioclase-augite-olivine cumulate (E.G. 6067).
West of ridge south of Hutchinson Gletscher Syenite I.
Anal. J. H. Scoon.

2 Augite, plagioclase-augite-olivine cumulate (E.G. 6537).
Ridge west of Hutchinson Gletscher Syenite I.

Anal. J. H. Scoon.

3 Augite, plagioclase-augite-olivine cumulate (E.G. 6525).
Ridge west of Hutchinson Gletscher Syenite I.

Anal. D. ABBoTT.

4  Augite, plagioclase-augite-olivine cumulate (E.G. 6520).
Ridge west of Hutchinson Gletscher Syenite I.

Anal. J. H. Scoon.

5  Augite, plagioclase-augite-olivine cumulate (E.G. 6517).
Ridge west of Hutchinson Gletscher Syenite I.

Anal. J. H. Scoon.

6  Augite, plagioclase-augite-olivine cumulate (E.G. 3976).
West of Kap Deichmann.

Anal. W. A. DEER.

7  Augite, gabbro pegmatite (E.G. 3814). West of Kap Deichmann.
Anal. W. A. DEER.

6517). The calcium contents of the lower layered series augites are
markedly higher than those of the Skaergaard clinopyroxenes. The varia-
tion in calcium content is small, and the crystallization trend of the
augites is more nearly parallel to the diopside-hedenbergite join, and
shows a marked contrast with the decreasing content in calcium, com-
pared with the earlier clinopyroxenes of the Skaergaard intrusion. The
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Fig. &. Plot of the augite compositions in the Lower Layered Series. The trend of the
Garbh Eilean sill augites and the augites from the picrite and lower zone of the
Skaergaard Intrusion are also indicated.

intermediate character of the composition of the lower layered series
augites, between those of the Skaergaard lower zone and pyroxenes
crystallized from alkali olivine basalt magmas, as for example the clino-
pyroxenes of the Garbh Eilean sill (MurrAY, 1954), is illustrated in Fig. 4.
In the earlier paper on the clinopyroxenes of the Kap Edvard Holm
layered series (DEER & ABBOTT, 1965) it was concluded that their com-
positional differences, compared with the Skaergaard clinopyroxenes, was
the result of their crystallization at somewhat lower temperatures due
to the higher water vapour pressures at which the lower layered series
magma crystallized.

In contrast to the lower and middle layered series of the Skaergaard
intrusion the cumulates of the lower layered series of the Kap Edvard
Holm complex contain neither cumulate nor intercumulate orthopyro-
xene, and this mineral is present only in occasional narrow reaction zones
around crystals of olivine. Moreover, like the clinopyroxenes derived by
the crystallization of alkali olivine basalt magmas, the augites of the
Kap Edvard Holm lower layered series do not contain blebs of an exsol-
ved calcium-poor pyroxene, although augites containing sub-microscopic
pigeonite lamellae are present in upper layered series cumulates (ELspon,
1971).

c¢) Olivine
The compositional range of the olivines of both the Lower Zone A-
and Lower Zone B-type cumulates is small and except for olivine, Fo,,,
from the 500 m level, is restricted to compositions between Fog, and
Fo,,. (Table V). The most noticeable features of the olivines are the grain
shapes and alteration. In many of the Lower Zone A- and Lower Zone

B-type cumulates the olivines tend to be rounded and resorbed and
commonly have alteration rims of secondary products. Some of the
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Table V. Composition of Olivines (Forsterite per cent)

Unit Height (meters) Spec. No. c?;:i‘;fi n

3850 3997 70

3200 6007 67

Lower Zone 2600 6030 68
A-type cumulates 2050 6504 67
1750 6522 68

1250 6524 67

750 6537 68

Lower Zone 600 6086 63
B-type cumulates 500 6067 77

olivines of the Lower Zone A-type cumulates, however, are elongated in
the direction of the 3-axis and in the higher Lower Zone B-type cumulates
of the south-west of Kap Deichmann, the olivine crystals have sinuous
outlines indicating appreciable intercumulate growth.

The alteration of the intercumulus olivine is largely confined to
the lower rocks in which as much as 50 per cent of the ferromagnesian
minerals may be altered, and the crystals contain many small magnetite
grains which form trails through, and rims around, the crystals. The
alteration of the olivine is of three types in decreasing order of abundance:

1) replacement by cummingtonite and talc:
2) serpentinization associated with cummingtonite and calcite:
3) replacement by bowlingite and iddingsite.

Olivine pseudomorphs are frequently rimmed by chlorite and talc
derived from the intercumulus alteration and replacement of the adjacent
plagioclase grains. Chlorite and talc commonly occur also in thin veins
in the feldspar. The chlorite is slightly pleochroic, colourless to pale
green; the birefringence varies between 0.001 and 0.009 and is probably
related to the different iron-magnesium ratios of the chlorites. Concur-
rently calcium, alkali and aluminium ions released during the replacement
of plagioclase by chlorite entered the intercumulus fluids and led to the
formation of clinozoisite and calcite. The initial formation of cummingto-
nite and talc indicates that the earlier stage in the olivine alteration took
place at approximately 750°C. (BoweN & TutTLE, 1949; GILLERY, 1959),
and that later at a temperature between 400° and 500°C, the serpentini-
zation occurred. Thus, since serpentine is much less abundant than
cummingtonite or tale, most of the alteration probably took place at
relatively high temperatures, above 500°C.

190 2
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d) Amphiboles

Amphiboles of both primary and secondary origin are present in the
rocks of the lower layered series. The primary amphibole is brown in
colour and occurs in both euhedral and anhedral grains and is a product
of intercumulus crystallization; in some of the cumulates of the Lower
Zone B unit the amphibole makes up some 2 per cent by volume of the
rock. Although attempts to separate a pure concentrate of the amphibole
for analysis have been unsuccessful it is probable that it is hastingsitic in
composition. This identification is inferred from the close comparison of
its optical properties with those of an amphibole (Table VI) which occurs
in a gabbro cumulate xenolith from the syenite-gabbro breccia margin
of the Kap Boswell syenite. As volatiles, mainly water, are essential
constituents of the amphibole, its crystallization as a primary intercumu-
lus mineral must have taken place at a minimum water vapour pressure
of approximately 1000 bars (Boyp, 1959).

Much of the secondary amphibole is derived from the alteration of
augite, and consists of masses of small laths and prismatic grains which
are paler coloured in the centre and more strongly coloured in the margi-
nal areas of the aggregates. The intercumulus hastingsite also alters to
small prismatic laths of a green-blue, green-brown amphibole indi-
stinguishable from the amphibole derived by alteration of the augite. The
analysis of a composite sample of these lighter and darker amphiboles in
a metamorphosed cumulate 50 m from the contact with Hutchinson
Gletscher Syenite 11, is given in Table VII.

Table VI. Amphiboles: Optical Properties

1 2 3
o 1.661 1.644 1.664
B 1.672 1.657 1.670
1% 1.681 1.665 1.678
Y3 16° 18° 17°
2V a 82°-88° 72°-84° -
o light brown pale brown — green-brown light brown
B dark brown greenish blue — olive green brown
y brown light blue — greenish blue brown

1 Brown amphibole, plagioclase — augite — olivine orthocumulate (E.G. 6525).
Ridge east of Hutchinson Gletscher Syenite I.

2  Secondary actinolite, plagioclase — augite cumulate (E.G. 3816).
West of Kap Deichmann.

3  Hastingsite, gabbro xenolith in syenite (E.G. 3327).
Kap Boswell (Lwin, 1960).
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Table VII. Amphibole: Analysis and Comparisons

1 2 3 4
Si05. i, 47.01 41.82 44.56 54.33
TiOg. o v e, 0.88 3.07 1.20 0.29
ALOg. ... 9.03 13.48 11.67 2.68
FesOg. oo, 2.09 2.71 2.03 1.09
FeO....oovoveennnn. 12.06 9.41 9.67 11.68
MnO ......ocooeenn.. 0.19 0.12 0.09 0.00
MgO ..o, 14.01 12.31 14.68 15.31
Cal....oeeennn.. 12.20 11.99 10.82 12.46
NaO. oo, 0.28 2.99 2.78 0.54
KeO' oo 0.06 0.75 0.86 0.12
5 0 L 1.93 2.00 1.65 2.04
15 30 R 0.10 - 0.06 0.20
99.84 100.65 100.07 100.74

Numbers of ions in the basis of 24 (O:0H).

Sie e 6.85 6.11 6.51 7.74

I 1.15 } 8.00 4 g9 } 8.00 449 } 8.00 96 } 8.00
Al 0.40 0.43 0.52 0.19

Tie e 0.10 0.34 0.13 0.03

Fetd. .. oo, 023 | 526 0.30 | 505 022 | 526 0412 | 498
ME. oo, 3.04 2.68 3.20 3.25

Fet® oo, 1.47 1.15 1.18 1.39

1t PR 0.02 0.15 0.11 -

Na. e, 0.08 0.85 0.79 0.15

CR voeeeeennn, 191 L 200 1.88 287 169 {266 1.90 | 207
Koo, 0.01 0.14 0.16 0.02

OH ', 1.88 1.95 1.61 1.94

1 Secondary aluminous amphiboles — bulk composition, plagioclase — augite
cumulate (E.G. 3816).
West of Kap Deichmann. Anal. D. ABBoTT.

2  Hastingsite, gabbro xenolith in syenite (E.G. 38327).
Kap Boswell (Lwin, 1960). Anal. M. T. Lwin (Value of H,O+ assumed for
calculating the numbers of ions).

3  Hastingsite, garnet — hornblende — two pyroxene rock
(DEER et al., 1963, Table 43, No. 11).

4  Actinolite, hornblende — epidote — albite schist
(DEER et al., 1963, Table 38, No. 9).

e) Iron Oxides

The iron oxides consist mainly of magnetite, titanomagnetite and
ilmenite. The rocks also contain small amounts of sulphides, largely chal-
copyrite, but chalcocite, bornite and pyrrhotite have also been identified
(Table VIII). Titanomagnetite contains thin exsolution lamellae of

9%
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Table VIII. Iron Oxides — Volume per cent

Unit (ﬁzige};:) Spec. No. Magnetite Ilmenite Sulphides I;,Iatt/l?l
3850 3997 4.2 1.7 tr 2.5

3200 6006 = - — -
Lower Zone 2600 6031 0.8 0.4 0.1 2.0
B-type 2050 6517 1.8 0.8 0.2 2.3
cumulates 1750 5620 1.3 1.0 tr 1.3
1500 3404 8.3 3.0 — 2.8
1250 6525 3.0 1.1 - 2.7
750 6537 0.3 0.1 tr 3.0

ilmenite. Under high magnifications ( x 450) the areas between exsolution
lamellae are seen to consist of a fine intergrowth of two minerals, the one,
magnetite, the other probably ulvéspinel. Titanomagnetite and ilmenite
occur both as cumulus and intercumulus crystals forming isolated euhe-
dral grains and granular aggregates respectively, the latter sometimes
occurring in large growths enclosing feldspar laths. Most of the iron oxide
grains are anhedral with “mutual boundary textures” in relation to the
silicate phases. Boundaries between the titanomagnetite and ilmenite
are smooth and sharp “closed boundaries”, indicating that the aggregates
are the products of exsolution from high temperature solid solutions
which originally separated from the magma as a single crystal phase
(VinceENT & PuirLips, 1954). Additional evidence of the exsolution rela-
tionship between ilmenite and titanomagnetite is shown by the continuity
of the ilmenite lamellae in the titanomagnetite with adjacent ilmenite
crystals. Moreover some of the oxide grains, euhedral in outline, consist
of both ilmenite and titanomagnetite and have formed by exsolution of
the two phases from original euhedral gains which crystallized at higher
temperatures.



IV. PETROGRAPHY

a) Lower Zone a Cumulates

Rocks of the Lower Zone A unit (Plate 4, Figs. 1, 2) at the base of
the lower series have been traced from the ridge bordered by Hutchinson
Gletscher Syenites I and II, eastwards for a distance of 5 km to the
peninsular, west of Kap Deichmann. On the peninsular the Lower Zone A
cumulates are 350 m thick and increase to 650 m at the extreme north-
west of the outcrop: the unit has not been identified, and is probably
not present, in the western part of the intrusion on Kontaktbjerg and the
mountains to the northeast. The Lower Zone A type cumulates are fine-
grained rocks with an allivalitic texture in which phenocrysts (~ 2mm) of
plagioclase, augite and olivine occur in a groundmass of small (~ 0.5 mm)
lath-shaped feldspars. Some of the olivines form elongated crystals, and
these and the larger feldspar laths are commonly aligned sub-parallel
to the igneous lamination (Plate 6, Fig. 1), but the more olivine- and
augite-rich cumulates of the unit do not show allivalitic texture (Plate
10, Fig. 1). In these bands, in which the feldspar is subordinate to the
ferromagnesian minerals and interstitial to the olivine and augite crystals,
the textures are identical with those of the coarser-grained dark-mineral
bands such as the olivine mesocumulates of the Lower Zone B-unit. Near
the top of the Lower Zone A cumulates, at 650 m on the ridge west of
Hutchinson Gletscher Syenite I, and 350 m along the coast, the number
of feldspar laths decreases, the grain size increases and a transition takes
place to coarser-grained cumulates of Lower Zone B-type.

The average rock of the Lower Zone A is a plagioclase-augite-olivine
orthocumulate. The relative amounts of plagioclase, clinopyroxene and
olivine change frequently in the sequence to give extreme feldspar-rich
(E.G. 6070, See Plate 7, Fig. 1) and ferromagnesian-rich (E.G. 6075)
bands (Table IX). Feldspar-rich bands are more numerous towards the
top of the unit, the upper 50 m consists of an anorthosite zone which
consists largely of feldspar adcumulates with thin bands of more average
rock (Plate 4, Fig. 1 and 2); in the area west of Kap Deichmann the
anorthosite zone is narrow and consists only of one or two thin feldspar-
rich bands.
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Table IX. Lower Zone A-Type Cumulates — Modal Composition
(alteration products recalculated as primary minerals)

1 2 3 3a 4 5

Plagioclase............... 64 37 72 58 94 2

Augite. ...l 16 38 25 26 - 5

Olivine .................. 19 25 2 16 - 87
Iron oxides, biotite,

hastingsite, clinozoisite .. 1 - 1 - 6 6

1 ‘“‘Average” Lower Zone A-type orthocumulate (E.G. 6067) height 500 m.
2 ‘““Average” Lower Zone A-type orthocumulate (E.G. 6087) height 600 m.
3 Feldspar-rich Zone A-type orthocumulate (E.G. 8813) height 250 m.

3a Average composition of 6067, 6087 and 3813.

4  Feldspar adcumulate, Lower Zone A (E.G. 6070) height 600 m.

5  Olivine mesocumulate, Lower Zone A (E.G. 6075) height 600 m.

The feldspar of the Lower Zone A-type cumulates is generally fresh
but some incipient alteration is shown by the presence of turbid patches
and the formation of sericite. The larger feldspars of the lower levels at
500 m show oscillatory zoning ranging in composition from An,y to Ang,
but in the small crystals of the matrix the intermediate zones are absent
and the plagioclase is almost uniform in composition, An,s_,¢. Higher in
the unit, at 600 m, both the matrix and the large feldspars are more calcic,
Ang, and An,;_g, respectively, with reverse zoning in the larger crystals.
The clinopyroxene, Ca,;sMg, Fe;;, forms unzoned anhedral crystals and
has an ophitic relationship to the plagioclase; the cumulus component
of the pyroxene crystals commonly show no feldspar embayments, and
it is the marginal intercumulus growth that generally encloses feldspar
crystals. The augite is usually unaltered but in some specimens the clino-
pyroxene is partly replaced by chlorite and a green hornblende. In the
lowest rocks of the unit the olivine has a composition of Fo,, but in most
of the higher rocks it is more iron-rich, and is Fogs_g, in composition,
and is frequently present in clusters of six or more grains. A few cumulus
crystals of magnetite also occur in the rocks of the Lower Zone A unit.

The formation of orthocumulates involves only limited contact
between the intercumulus liquid and the overlying magma and results
in the crystallization of the intercumulus liquid as successively lower tem-
perature zones around the original cumulus crystals, or in additional
phases that formed at lower temperatures (WAGER, BROWN & WaDs-
worTH, 1960; WapsworTH, 1961). The feldspar adcumulates formed by
a process in which diffusion between the intercumulus liquid and the
magma continued after accumulation, with the consequence that the
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Table X. Lover Zone A-Type Cumulates — Analyses

1 2 3
SI05. oot 46.10 48.12 49.21
ALOg. oot 20.05 25.82 30.16
1N T 2.69 1.30 1.44
e 4.81 3.68 0.35
MO .. 10.02 4.02 0.08
Ca0 . ettt 11.92 12.74 14.05
NayO . oo 1.73 2.57 3.21
0 J 0.43 0.14 0.40
15 00 L 1.41 0.75 0.75
15 o 0.36 0.16 0.31
5o M 0.25 0.77 0.24
MRO o 0.08 0.09 0.01
PoOs oot 0.14 0.10 0.01
99.99 100.26 100.22

1 Plagioclase-augite-olivine orthocumulate (E.G. 6067) Ridge south of
Hutchinson Gletscher Syenite I. height 500 m.

2 Feldspar-rich orthocumulate (E.G. 3813) west of Kap Deichmann height 250 m.

3  Feldspar adcumulate (E.G. 6070) Ridge south of Hutchinson Gletscher Syenite I
height 600 m.
Anal. W. A. DEER.

adcumulus growth of feldspar occurred at similar temperatures to that
of the original cumulus crystals. As a result the plagioclase of the matrix
and at the margins of the large plagioclase crystals have the same com-
position, i.e. Ang. In these adcumulate conditions the amount of the
pore liquid was small and this crystallized mainly as poikilitic augite.
In other layers, in which olivine is the chief cumulus phase, the amount
of the pore liquid was greater and the rocks are mesocumulates (e.g.
Table IX No. 5). In some of the more olivine-rich layers the cumulus
olivine is surrounded by augite and plagioclase, similar in composition
to the cumulus plagioclase of adjacent layers, and these rocks have an
heteradcumulate texture.

Three rocks were analyzed from the Lower Zone A unit and represent
successive stages in the enrichment of the cumulates in plagioclase. The
first was collected as ‘‘average olivine gabbro” and is a plagioclase-
augite-olivine orthocumulate (Tables X, XI, No. 1). The second is a
feldspar-rich olivine-poor orthocumulate (No. 2) and the third a feldspar
adcumulate (No. 3). The change in the relative proportions of the main
minerals which gives rise to the feldspar adcumulate is shown in the
analyses by increases in the SiO,, Al,0;, CaO and Na,O and decreases in
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Table XI. Lower Zone A-Type Cumulates — Norms and Modes

1 2 3
OF oo 2.54 0.83 2.36
AD oo 14.64 21.75 25.94
I 45.68 58.51 66.71
NE + o - - 0.66
WO oo 5.24 1.69 0.23
o 1 VO 379 L9999 108 Y327 020 ! 043
0P U Fs oo, 0.96 0.50 0.00
" 1 DO 4.72 4.99
A B 120 ( 392 993 ( 727 -
oli FO oo, 11.52 2.76
Ve Y Fa.oiiiii.. 323 [ 1475 439 (415 -
Mb oo 3.90 1.88 0.47
| DT 0.47 1.46 0.46
AD e 0.33 0.24 0.02
WO - - 0.71
HIN oo, - - 1.12

Ory.0Abgs.3Ang,.; OryAbggsAngs.s  OrgsAbgr.sAny.,
Wo5,.5En47.0FSe.s  W0s1.,EngsFsis.5 Woss.5Engg.s

Eng,Fsy, Enge.sFsss.5 -
FozsFa,, Foge.sFags.s -
Modes

Plagioclase. .. ............... 64 72 94
Augite. ........ ... ... 14 12 0
Olivine ..................... 8 0 0
Iron oxides.................. 1 tr. 1
Clinozoisite.................. tr. 0 2
Chlorite..................... 2 13 0
Altered olivine............... 11 0
Actinolite. . . ................ tr. 1 3

the FeO and MgO contents. The plagioclase-augite-olivine cumulate
(E.G. 6067) has a higher Al,O, content than the overlying Lower Zone
B-type rocks and, in conformity with their earlier accumulation, has a
lower iron-magnesium ratio.

b) Lower Zone B-Type Cumulates

Lower Zone B-type cumulates are well developed on the ridge to
the southwest of the contact with Hutchinson Gletscher Syenite I, where
some 1400 m of the layered sequence is exposed; the total thickness of
the unit is approximately 3200 m. The thickness of the lower layered
series in the western part of the intrusion cannot be estimated with any
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Table XII. Lower Zone B-Type Cumaulates — Modal Composition
(alteration products recalculated as primary minerals)

1 2 3 A 5
N.W. W. N.W.
Kap Kap Area
Deichmann Deichmann
Plagioclase . . . .......... 50 58 52 53 58
Augite. ............. ... 40 32 28 33.5 26
Olivine ................ 7 6 13 9 16
Iron oxides............. 3 3 [ 4
Hastingsite, biotite, 1
clinozoisite, calcite . ... - 1 - 0.5

Average of five plagioclase-augite-olivine orthocumulates.
Average of seven plagioclase-augite-olivine orthocumulates.
Average of three plagioclase-augite-olivine orthocumulates.
Average modal composition of Lower Zone A-type cumulates.
Average modal composition of Lower Zone B-type cumulates.

UL WD

certainty, due to the injection of the extensive zone of syenite-gabbro
breccia and hydrid, but probably was originally of comparable thickness.

The average rock of the Lower Zone B-unit is, in the main, a plagio-
clase-augite-olivine orthocumulate (Table XII), in which the proportions
of the chief constituents vary to give contrasted layers of darker, more
ferromagnesian-rich and lighter coloured, more feldspar-rich layers
some 6 to 10 m in thickness (Plate 5, Fig. 1). Variation in mineral con-
tent within the major darker and lighter coloured layers gives rise to
thinner bands of less contrasted composition between 2 cm and 1 m thick
(Plate 5, Fig. 2). Because of the precipitous nature of the western face of
the north-south ridge, west of Hutchinson Gletscher Syenite I, individual
layers have not been traced eastwards and it is possible that some lateral
variation occurs. The plagioclase-augite orthocumulates at the base of
the Lower Zone B sequence west of Kap Deichmann provide an example
of such local variation. Here the first 150 m of the Lower Zone B-type
cumulates are olivine-free and coarser-grained than their counterparts
on the ridge to the southwest of Hutchinson Gletscher Syenite I, and the
underlying Lower Zone A-type cumulates.

In the average Lower Zone B-type cumulate, plagioclase forms
euhedral to subhedral laths approximately 2 mm in length; some inci-
pient alteration of the plagioclase is evident from the presence of turbid
patches, the formation of sericite and the occurrence of small grains of
epidote (« 1.744) adjacent to the turbid feldspar. In the lowest rocks of
the unit the plagioclase is zoned from Ang, to Ang, (Plate 7, Fig. 2 and
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Table XIII — Lower Zone B-Type Cumulates — Analyses
1 2 3 4 5 6 7 8
SiOg. cvvvvnt 47.85 47.66 47.96 45.26 47.34 4811 49.08 47.79
AlLOg. ..ot 17.40 18.55 16.59 17.72 17.28 21.43 21.30 17.78
FeOs.ovvvvivints 2.12 1.86 2.62 4.46 4.11 2.31 1.68 1.34
FeO............. 4.83 5.43 5.46 8.09 6.50 4.47 4.23 7.85
MgO ............ 9.33 9.17 8.29 7.23 6.10 5.50 6.35 10.14
CaO............. 14.27 12.95 15.03 12.00 13.42 14.22 13.73 11.38
Na,O............ 2.11 2.19 2.05 2.13 2.72 2.32 2.42 2.02
KO....oooo00. 0.20 0.27 0.18 0.37 0.40 0.33 0.09 0.10
H,O*+............ 1.04 1.34 0.82 0.92 0.91 0.42 0.39 0.41
H,O—............ 0.27 0.18 0.11 0.17 0.13 0.17 0.10 0.19
TiOg. o vvviivnt 0.58 0.58 1.00 1.90 1.42 0.58 0.84 1.03
MnO ............ 0.08 0.08 0.07 0.07 0.12 0.08 0.06 0.14
12§ 0.05 0.28 0.03 0.05 0.11 0.03 0.02 0.03
100.13 100.54 100.21 100.37 100.56 99.97 100.29 100.20
(Na,0+ K,0 + CaO) ,
(Na,0+ K,0) 16 13 17 19 16 15 16
(FeO + Fe,04)
(FeO + Fe 0, + MgO) &4 49 63 66 55 48 48
1 Plagioclase-augite-olivine orthocumulate (E.G. 3218) West Kap Deichmann,
height 700 m.
2  Plagioclase-augite-olivine orthocumulate (E.G. 6537) Ridge west of Hutchinson
Gletscher Syenite I height 750 m.
3  Plagioclase-augite-olivine orthocumulate (E.G. 6524) Ridge west of Hutchinson
Gletscher Syenite I height 1250 m.
4  Plagioclase-augite-olivine orthocumulate (E.G. 6517) Ridge west of Hutchinson
Gletscher Syenite I height 2050 m.
5  Plagioclase-augite-olivine orthocumulate (E.G. 6031) West of Kap Deichmann,
height 2600 m.
6  Plagioclase-augite-olivine orthocumulate (E.G. 6006) West of Kap Deichmann,
height 3200 m.
7  Plagioclase-augite-olivine orthocumulate (E.G. 3976) West of Kap Deichmann,
height 3800 m.
8  Plagioclase-augite-olivine orthocumulate (E.G. 3997) West of Kap Deichmann,

height 3850 m.
Anal. W. A. DEER.

Plate 8, Fig. 1). At a height of 1250 m in the layered series, the plagio-
clase is zoned from Ang to Ang, and then becomes increasingly more
sodic at higher levels in the series, and at 2050 m the plagioclase is zoned
from Ang to An;,. Thereafter the plagioclase again becomes more calcic
and at the 3800 m level is zoned from An,, to Ang (Plate 9, Fig. 2).
Augite, some of which is altered to chlorite and green hornblende, occurs
mainly as euhedral crystals which commonly show a subpoikilitic or



Table XIV. Lower Zone B-Type cumulates — Norms and Modes

1 2 3 4 5 6 7 8
or oo 1.8 1.60 1.06 2.19 2.36 1.95 0.53 0.59
Ab.. oo, 16.88 18.53 16.24 18.02 20.83 19.63 20.48 17.09
Ao, 37.42 39.99 35.54 37.70 33.76 47.09 46.99 39.15
Ne wwrvrnnnns. 0.53 - 0.60 - 1.18 - -
Wo... 13.80 9.36 16.21 8.98 13.40 9.71 8.77 7.4
Diop. { En. 9.89 ¢ 26.37 6.45 y 17.97 11.36 ; 31.06 5.77 ¢ 17.37 8.77 ¢+ 25.87 643 { 18.72 6.08 ¢ 16.81 4.55 ( 13.83
Fs . 2.68 2.16 3.49 2.62 3.70 2.58 1.96 2.14
- En. - 2.07 1 - 2.37 1 0.32 4.47 504 7.25 -
YP- ) Fs - 069 | 276 _ 1.08 f 34 043 f 045 qap f 391 g4y g 1066
o Fo 9.85 . 10.08 651) 691 4.50 sg6) o 869) o 048]
V. \ Fa 2.80 [ 1215 569 [ 1372 990 § 871 345 (1036 940 660 9454 701 43 00, gg [ 1431
Mt 3.07 2.70 3.80 6.47 5.96 3.35 2.44 1.94
| D 1.10 1.10 1.90 3.61 2.70 1.10 1.60 1.96
AP, 0.12 0.66 0.07 0.12 0.26 0.07 0.05 0.07
or 2.1 2.7 2.0 3.8 41 2.8 0.8 1.0
Feld. { Ab... 30.4 30.8 30.7 31.1 36.6 28.6 30.1 30.1
An... 67.5 66.5 67.3 65.1 59.3 68.6 69.1 68.9
J Wo... 52.3 52.1 52.2 51.7 51.8 51.9 52.2 51.6
Diop. { En... 37.5 35.9 36.6 33.2 33.9 34.3 36.1 32.9
Fs 10.2 12.0 11.2 15.1 14.3 13.8 11.7 15.5
- [ En. - 75 - 68.7 - 711 75.6 68.0
IP- \ Fs - 25 - 31.3 - 28.9 24.4 32.0
i Fo 77 73.1 74.7 66.7 68.2 69.3 73.8 65.9
Oliv. y py 23 26.9 25.3 33.3 31.8 30.7 26.2 34.1
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Table XV. Western and Northwestern Area Lower Zone B
Cumaulates Analyses

1 2 3

SI05. et 40.86 47.00 46.52
ALOg. oo 16.19 18.54 13.95
) 20 I 8.21 3.12 1.32
FeO. . .o 8.85 5.35 9.58
MO ot 7.09 9.76 15.06
Ca0 . .o 12.72 12.92 10.66
NagO . oot 1.65 2.03 1.88
) o P 0.13 0.17 0.12
;00 LN 0.89 0.25 0.61
13 0 S 0.27 0.25 0.00
S To T 3.24 0.98 0.50
MRO i 0.11 0.07 0.18
)20 M 0.02 0.05 0.03

100.23 100.49 100.41

1 Magnetite-ilmenite-rich plagioclase-augite-olivine orthocumulate (E.G. 3404).
Southern side Kontaktbjerg.
Anal. W. A. DEER.

2 Plagioclase-augite-olivine orthocumulate, (E.G. 3253). Northeastern tip of
mountain north of Kontaktbjerg.
Anal. W. A. DEER.

3  Ferromagnesian-rich plagioclase-augite-olivine orthocumulate (E.G. 7200).
Small nunatak, south side Hutchinson Gletscher.
Anal. J. H. Scoon.

subophitic relationship with the plagioclase. The composition of the
clinopyroxene varies from Ca,;Mg,,Fe,; to Ca,;Mg, Fe,q (DEER & ABBOTT,
1965), and the most iron-rich augite is present in the cumulates at the
2050 m level (Plate 9, Fig. 1). Olivine forms rounded crystals approxima-
tely 1 mm in diameter; the variation in composition, from Fog to Fog,,
is comparable with that of the clinopyroxene. In some of the rocks the
olivine is extensively altered to cummingtonite, talc and to a lesser
extent, bowlingite and iddingsite (Plate 8, Fig. 2).

Small quantities of hypersthene (Fs,;) and magnetite are present
as narrow discontinuous reaction rims around some of the olivine cry-
stals. Hypersthene is more abundant in the metamorphosed cumulates
of the western and northwestern area where it occurs as clouded grains,
1-2 mm in size, intergrown with clinopyroxene. Titanomagnetite and
ilmenite occur as intercumulus minerals but some iron oxide of early
crystallization is also present. Chromite of early crystallization occurs
as rounded or euhedral grains in some olivines and there are small
amounts of intercumulus hastingsite and biotite.
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Table XVI. Western and Northwestern Area Lower Zone B Cumulates
Norms and Modes

1 2 3
OF oo, 0.77 1.00 0.71
Ab. oo 13.96 17.09 15.91
AN oo 36.29 41.02 29.27
l Wo..oviivnnnnn. 11.10 } 9.50 } 9.78 ]
Diop. { Bn..ooovvvnnn.. 8.09 ¢ 2117  6.96 . 1841  6.38 | 18.88
FS oo 1.98 1.65 2.72
[ VT 0.47 | 2.62 0.07
Hyp- \ms ...l 01 [ 938 g6 } 324 .03 } 0.10
, FO oo, 6.38 1032 ) 21.77
Oliv. { Fa oo, 1.72 } 810 940 f 1302 4094 } 32.01
ME. e et 11.90 4.52 1.91
AT 6.15 1.86 0.95
AP 0.05 0.12 0.07

Ory.sAbyAng, 5 Or,.;Abyg.0Ang., Or;.5Ab3s.7ADg,.4
Wos.. Engs.oFso.s  Woso s EnggoFse,,  Wos Engy oFs g,

Eng, Fs;o Engg.oFs.1 EngoFsy
FozFay, Foqg.5Fag., FogsFa,,
Modes
Plagioclase............... 50% 57 48
Augite........... ... 28* 31 26
Olivine .................. 8* 8 25
Iron oxides............... 14 4 1

* Includes alteration products of the plagioclase, augite and olivine respectively.

Small lenses and more irregular patches of gabbro pegmatite, gene-
rally conformable with the layering, are common in the banded rocks in
the area west of Kap Deichmann, The pegmatites consist of large plagio-
clase and augite crystals, 10-20 mm in size, with minor amounts of mag-
netite, epidote, apatite and quartz. The augite from a pegmatite lens at
the 400 m level south of the contact with Hutchinson Gletscher Syenite 11
has the composition Ca,s.sMg,sFs,s.5.

The chemical composition of the Lower Zone B-type cumulates,
except for that of CaO, show a relatively smooth and progressive variation
from the lowest exposed members of the series to the 2000 to 2600 m level
(Tables XIII, XIV) at which the most differentiated part of the sequence
occurs. From the base of the Lower Zone B-type cumulates to this level
there is an increase in Fe,O, + FeO, Na,O and TiO,, and a decrease in
the percentage of Al,O, and MgO. The lowest cumulates in the sequence
have a mafic index of 16 and a felsic index of 43, both indices increase
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with height in the layered series and at 2600 m are 19 and 66 respectively.
From the 2600 m level to the highest exposed cumulates of the lower
layered series these trends are reversed; the percentages of total iron
oxides, CaO and TiO, decrease and those of Al,O; and MgO increase.
The content of Na,O unlike the iron oxides and TiO,, shows only a small
decrease due to the compensating effect of the larger content of plagio-
clase in the higher cumulates, a factor which also contributes to the mar-
ked increase in Al,O; in these rocks. The apparent anomalous behaviour
of the CaO content as well as the rapid decrease in the percentage of
Al,O4, in the earlier cumulates of Lower Zone B-type, is due also to a
change in the relative proportions of the main constituents in the cumu-
lates and is essentially related to the higher content of augite in the cumu-
lates between 1250 m and 2050 m.

The chemical composition, norms and modes of three Lower Zone
B-type cumulates from the western and northern western area of the
lower layered series are given in Tables XV and XVI.



V. RHYTHMIC LAYERING AND MINOR
VARIATION

Convection currents were shown by Wacer and DEeEr (1939) to
have had an important role in the formation of the layered series of the
Skaergaard intrusion. Subsequently a similar mechanism has been invo-
ked to account for some or all the features of other layered intrusions.
Rhythmic banding may also be produced by undercooling during magma-
tic crystallization (WAGER, 1959; Van ZyL, 1959) and, as with the Rhum
ultrabasic complex, by successive additions of new magma (Brown,
1956). The zoning of the feldspars of the lower layered series of the Kap
Edvard Holm complex cannot be explained by any of these processes
operating singly, and all three factors, convective cumulation, under-
cooling and the influx of new magma each appear to have been contribut-
ing factors in the formation of the lower layered series. The injection of
new influxes of magma will disrupt convective circulation and lead to
periods in which the magmatic currents are arrested, or considerably
reduced in velocity, so that conditions of less active and more active
movement will be intermittent. The nature of the zoning in the plagio-
clase demonstrates that undercooling was an important factor during the
early stages of the formation of the lower layered series, including that
of the anorthosite zone, consequent on a period of rapid heat loss during
which the thermal gradient in the country rocks was re-established after
the emplacement of the magma. In this initial period, crystallization
began slowly with the formation of relatively few crystals of plagioclase,
olivine and augite which accumulated towards the floor of the intrusion
and formed the phenocrystal component of the allivalitic cumulates of
Lower Zone A-type. Olivine and augite accumulated more rapidly than
the plagioclase, probably in a marginal area of the intrusion that was
subsequently destroyed by the injections of the later Hutchinson Glet-
scher Syenites I and II, leading to the formation of a zone enriched in
feldspar on the site now occupied by the lower layered series. The period
of strong under cooling was subsequently replaced by a rapid increase
in feldspar nucleation which gave rise to the smaller feldspar crystals
of the allivalitic cumulates.
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During the formation of the lowest cumulates of this period of
crystallization the smaller feldspar crystals mixed with the earlier larger
crystals of olivine, augite and plagioclase to give the gabbro cumulates
of allivalitic texture, and in the higher zone of slower accumulation,
layers rich in feldspar were formed. Here slow accumulation, together
with effective diffusion between accumulating crystals and the overlying
magma gave rise to the feldspar adcumulates of the anorthosite zone.
Thus during the period of undercooling plagioclase, An,;, crystallized and
was followed, on establishment of equilibrium at a higher temperature,
by a zone Ang,, in composition. Later, conditions of crystallization chan-
ged, super-saturation was reduced, and the temperature raised towards
equilibrium. As a result more normal crystallization of the coarse grained
L.ower Zone B-type cumulates followed.

To evaluate the extent of the minor variation, the modes were
recalculated after converting secondary products into original constitu-
ents. The recalculated values, expressed in volume per cent are plotted
on a diagram showing modal variation with height in the intrusion (Fig.
5). Although the crystallization of basaltic magma can begin with the
precipitation of either pyroxene, olivine or feldspar (YopER & TILLEY,
1962), olivine was probably the first to precipitate from the magma of the
lower layered series of Kap Edvard Holm. This is indicated by the textural
relationships of the phases in the gabbros, and is in accord with the earlier
experimental work of OsBorN and Tarr (1952). Yoper & TiLLEY have
shown, however, that all the major phases appear over a small temperature
range of less than 80°C and that the three phases crystallize together in the
range of approximately between 1155°C and 1170°C. These temperatures
are lowered, and the range extended, by increasing oxygen fugacities.
With falling temperature the amount of olivine precipitating decreased
and the percentage of olivine changes from 20 per cent at the 500 m to
less than 1 per cent at the 2050 m level. Concurrently, nucleation of
pyroxene and iron oxides increased and that of feldspar diminished so
that the maximum concentration of augite is 50 per cent in the cumulates
at 1750, and of iron oxides is 6 per cent in those at 2050 m (Fig. 5). The
period of crystallization which gave rise to the cumulates from the 2050 m
to the 3900 m level was probably associated with new additions of magma,
and in consequence with crystallization at increasingly higher tempera-
tures, with the result that the compositional trends and balance between
nucleation rates for the different minerals were reversed. Olivine and
feldspar crystallized in increasing quantities towards the top of the
series while that of pyroxene and iron oxides decreased, and the final
cumulates, at 3850 m, to form from the Lower Series magma, contain 61
per cent plagioclase, 20 per cent augite, 18 per cent olivine and 1 per
cent iron oxides.
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Fig. 5. Variation in the modal percent of plagioclase, clinopyroxene, olivine and

iron oxides with height in the lower layered series. (alteration products converted

into primary constituents). The extreme right of the figure shows the percentage of
altered ferromagnesian constituents.

The complimentary variation in the relative abundance between
feldspar and pyroxene was probably due in part to the effect of the oxygen
fugacity on the crystallization. Yobper (1954) has shown that in the sy-
stem diopside-anorthite an increase in vapour pressure inhibits the cry-
stallization of feldspar in relation to that of the pyroxene. The variation
in the proportions of hydrous phases in the cumulates indicates that
oxygen fugacity was probably at a maximum during the formation of
the iron-rich cumulates at the 2000 m level (Fig. 5), and in these rocks
too, the percentage of feldspar is smaller particularly in relation to that
of the pyroxene.

190 3



SPECIMEN
NUMBER

4000
3997 ®

l’

1

3500 -
6007
3000 A !
/
/
6031
2500 - ;
1

HEIGHT
!
]

(merres)
2000 - 6517 (oW}
\\

6520

[500

-0

6524

1000 +

O----__
1

;

I

1

1

1

o}

6537

6070)
6086,

500 - 6067

T T i 1
40 50 60 70 80 90
ANORTHITE (per cent)

Fig. 6. Variation in plagioclase composition with height in the cumulates of the Lower
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VI. VARIATION IN COMPOSITION OF MINERALS
AND CUMULATES WITH FRACTIONATION

The variation in composition of the plagioclase with height in the
layered series is shown in Fig. 6. In the Skaergaard intrusion the forma-
tion of the layered sequence by bottom accumulation gave rise to succes-
sive layers formed at lower temperatures, and as a result the feldspars
are progressively more sodic and the ferromagnesian minerals richer in
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iron in the later differentiates. In the lower layered series of the Kap
Edvard Holm complex, fractionation was uninterrupted until after the
accumulation of the relatively highly differentiated layers at approxi-
mately the 2000 m level where the feldspar is zoned from Ang,_;,, the
clinopyroxene Ca,;Mg, Fe,, and the olivine Fog, in composition. During
the period of fractionation which gave rise to the layers above the 2050 m
level, several limited influxes of new magma occurred. These raised the
temperature of the crystallizing liquid with the result that the cumulates
consist of higher temperature phases which, at the 3900 m level, consist
of plagioclase An,_g;, augite Ca,sMg,,Fe,;; and olivine Fo, in com-
position.

Fig. 7, in which some of the oxide percentages are plotted against
height in the layered series, shows a comparable variation with that of
the composition trends of the individual minerals. Thus the more highly

WEIGHT
PER CENT

WEIGHT
PER CENT

500 1000 1500 2000 2500 3000 3500
HEIGHT IN LAYERED SERIES (METRE9

Fig. 7. Variations in oxide percentages in the cumulates with height in the Lower
Layered Series.
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fractionated iron-enriched horizon in the series, as represented by the
rocks 6520 and 6517 occurs between the 1750 and 2000 m levels. The
variations in oxide contents of the rocks between the bottom of the Lower
Zone B-type cumulates and the 2000 m level are consistent with a process
of crystal fractionation. Above this level later influxes of undifferentiated
magma, as has previously been deduced from the compositional varia-
tions of the constituent minerals, firstly arrested and then reversed the
trend.



VII. FRACTIONAL CRYSTALIZATION

The trend in differentiation of basic magma to form iron-rich cumu-
lates is due to the separation, in the early stages of crystal fractionation,
of magnesian olivine and pyroxene and calcic plagioclase so that succes-
sive liquids and crystal phases are enriched in iron and alkalis relative to
magnesium and calcium. As Fe+2 replaces Mg +? in successive lower tempe-
rature ferromagnesian phases and alkalis replace Ca in plagioclase, the
differentiation of basic magma can be expressed in terms of the ferro-
magnesian and feldspar components as shown by variations in the mafic
index, 100 (FeO +Fe,0,)/(FeO +Fe,0, + MgO), and the felsic index
100 (Na,O + K,0)/(Na,0 + K,0 +CaO) (Fig. 8). The trend in the com-
position of the lower layered series is not progressive and indicates that
the fractionation history of the lower rocks of the Kap Edvard Holm
complex was more complex than that of the Skaergaard intrusion.
Thus the trend of enrichment in iron was continuous until the 2050 level
where the mafic index is 63 (Fig. 9). During this period of fractionation
the variation in the felsic index is slight and indicates that only small
changes occurred in the calcium-alkali ratio of the feldspars. Above the
2050 level there is a reversal in the trend of crystallization (Fig. 8, nos. 6
and 8), and the mafic and felsic indices decrease from 63 and 19 to 44 and
15 respectively. This reversal in trend is the most distinctive feature of
the fractionation and has been correlated with successive small influxes of
undifferentiated magma after the formation of the cumulates at the 2050
level. The magma additions were not sufficiently large to disrupt repeat-
edly the fractionation process but had an accumulative effect in gra-
dually raising the temperature of the crystallizing magma from which
phases of an increasingly higher formation temperature were precipitated.

The limited iron enrichment of the cumulates of the lower layered
series, compared with that shown by the rocks of the Skaergaard layered
series is thus due in part to the peculiar cooling history of Kap Edvard
Holm magma. Here, fractionation and the trend to iron enrichment were
interrupted by the addition of new magma which resulted in the accumu-
lation of successively higher temperature phases above the 2050 ft. level.
In addition higher oxygen fugacity also contributed to the lower rate of
iron enrichment as shown by the presence, in the rocks of the Lower
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Fig. 8. Variation of the mafic and felsic indices in the cumulates of the Lower
Layered Series.

(Nos. 1-8 refer to the 700, 750, 1250, 2050, 2600, 3200 and 3860 m. levels respec-

tively). Inset shows the variation of the mafic and felsic indices of the Lower Layered

Series compared with the successive stages in the trend of the liquid compositions in
the Skaergaard Intrusion.

Layered Series, of hydrous phases among the products of intercumulus
crystallization. Experimental studies have shown that iron enrichment is
suppressed if oxygen fugacities are buffered at a sufficiently high value.
Under these conditions the field of spinel is enlarged (PrEsNaLL, 1966),
and the presence of a small amount of spinel in some of the lower cumu-
lates is consistent with this hypothesis.

The earliest camulates of the Lower Layered Series are not exposed
and from the petrographic and chemical evidence more than one magma-
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Fig. 9. Variation of the ratios 100(FeO+Fe,0;)/(FeO+Fe,0;+MgO) and 100 Fe,O,f
(Fe,O4+FeO) with height in the Lower Layered Series.

tic surge was involved in their formation. Due to this factor and the
absence of marginal chilled liquid it is not possible to make a precise
comparison of the Lower Layered Series liquid with the original com-
position of the Skaergaard magma. The latter was tholeiitic in composi-
tion and its crystallization was characterized, during the formation of
the early and middle cumulates, by the formation of both clino-and
orthopyroxene. An approximation to the composition of the Lower
Layered Series magma, derived by taking the mean of seventeen analyses
of the cumulates of the series, is shown in Table XVII. Comparison with
the analysis and norm of the chilled marginal gabbro of the Skaergaard
intrusion shows that the main composition difference is the ferric: ferrous
iron ratio, and that normatively the Lower Layered Series cumulates
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Table XVII. Composition of the Cumulates of the Lower
Layered Series and the Skaergaard Magma

1 2 1 9
Si0g. o ceiia 47.60 48.08  Or 1.56 1.48
TiOg. o voeeeennn .. 1.00 117  Ab 20.08 20.05
AlLOg. oo 18.87 17.22  An 40.06 35.62
FesOgeoooovannnnn. 2.66 1.32
FeO..oovvvvnnn. .. 5.83 8.44 Wo 9.48 8.43
MnO .............. 0.09 0.16 Diop. { En 6.37 5.02
MgO ..o 7.55 8.62 Fs 2.38 2.98
Cal. .o .. 12.77 11.38 En 2.36 4.78
NaO oo 2.37 2.37 YP- \ Fs 0.88 2.85
KO 0.26 0.25
H,OF. ... 0.82 1.01 - Fo 7.01 8.18
12 lo LB 0.18 0.05 V- \ Fa 2.12 5.36
PO oo 0.09 0.10 Mt 3.87 1.91
100.09  100.17 1 1.90 2,22
Ap 0.20 0.24
100 (FeO + Fe,0,)
_— 53 53 Plagioclase A A
(FeO + F,0,+ M,O) & e ek
Wo Wo
100 (Fe,O 52 51
F—O(e%:g) 31 13.5 Diopside { Engg En,,
(Fes0,+ FeO) Feys Fsyg
100 (Na,0+ K,0) { Eng;, En,;,
Na;0 1 K0+ Ca0) 17 19 Orthopyroxene Fsyr Fsyr
o o F017 F060
Olivine { Fag, Fau

1  Average composition of seventeen cumulates of the Lower Layered Series.
2  Chilled marginal gabbro, Skaergaard intrusion (WaGeEr & BrowNn, 1968).

contain a considerably small percentage of orthopyroxene. Although the
two compositions are not strictly comparable they support the conclusion,
based on the mineralogical characteristics of the cumulates of the two
intrusions, that the Lower Layered Series magma is less tholeiitic than
that of the Skaergaard, and that it has affinities with transitional alkali
olivine basalt magma.

The mafic and felsic indices of the estimated composition of the
Lower Layered Series magma, and that of the chilled marginal Skaergaard
magma, indicate that the differentiation of the two liquids at the time of
intrusion was comparable. Thus the mafic and felsic indices are 53 and
17 and 53 and 19 respectively for the initial Lower Layered Series and the
Skaergaard magma. There is, however, a marked contrast in their oxida-
tion state, t.e. 31 and 13.5, and it is this factor that led to the subsequent
divergence of the differentiation products of the two liquids.
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Fig. 1.

Fig. 2.

Plate 1

Northern part of the Kap Edvard Holm complex from the southeast. Air
photograph by H. G. WaTkins, August 1930.

Kap Deichmann Syenite (bottom right) and Hutchinson Gletscher Syenites
I and II. (Centre) Part of the lower layered series of the Kap Edvard Holm
complex from the east. Air photograph by H. G. WaTkins. August 1930.






Plate 2

Fig. 1. Western end of Kontaktbjerg showing contact between the marginal gabbro
and the metamorphic complex. Lower Zone B-type cumulates overlie the
marginal gabbro in the top left hand of the photograph.

Fig. 2. Contact of l.ower Zone A cumulates with Hutchinson Gletscher Syenite 1.
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Plate 3

Fig. 1. Lower Zone A cumulates. South of Hutchinson Gletscher Syenite I and II.
Note prominent feldspar-rich band in upper middle section of the photograph.

Fig. 2. Lower Zone B cumulates extensively veined by the quartz-syenite of the
zone of igneous breccia, north face of Kontaktbjerg.
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Plate 4

Fig. 1. Lower Zone A rhythmic banding. South of contact with Hutchinson Glet-
scher Syenite I.

Fig. 2. Lower Zone A rhythmic banding, showing development of prominent feld-
spar-rich band. South of Hutchinson Gletscher Syenite I.
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Plate 5

Fig. 1. Lower Zone B, large scale rhythmic banding. Individual bands vary in
thickness between 6 and 10 m. Height of the ridge is approximately 350 m.
Ridge west of Hutchinson Gletscher Syenite I.

Fig. 2. Lower Zone B, small scale rhythmic banding. Ridge west of Hutchinson
Gletscher Syenite 1.
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Fig. 1.

Fig. 2.

Plate 6

Lower Zone A, plagioclase-augite-olivine-orthocumulate (E.G. 6067), height
500 m. Note elongated olivine and larger plagioclase laths aligned subparallel
to the igneous lamination. Ridge south of Hutchinson Gletscher Syenite 1.
Crossed polarisers, x 25.

Lower Zone A, plagioclase-augite-olivine orthocumulate (E.G. 6067), height
500 m. Note large olivine crystals showing some intercumulus growth, and
smaller augite in matrix of small plagioclase laths. Ridge south of Hutchinson
Gletscher Syenite I. Plane polarized light. x 25.



MeEppR GRONLAND, Bp. 190, Nr. 6. [D. ABBoTT and W. A. DEER]. PrLATE 6.




Plate 7

Fig. 1. Lower Zone A, feldspar adcumulate (E.G. 6070), height 600 m. Note large
plagioclase enclosed in matrix of smaller plagioclase laths. Ridge south of
Hutchinson Gletscher Syenite I. Crossed polarizers, x 25.

Fig. 2. Lower Zone B, plagioclase-augite-olivine orthocumulate (E.G. 5637) height
750 m. Ridge west of Hutchinson Gletscher Syenite I. Crossed polarizers, x 12.
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Fig. 1.

Fig. 2.

Plate 8

Lower Zone B, plagioclase-augite-olivine orthocumulate. More ferromagne-
sian-rich band adjacent to E.G. 6537 (note sub-alignment of plagioclase
laths). Ridge west of Hutchinson Gletscher Syenite I. Crossed polarizers,
x12.

Lower Zone B, plagioclase-augite-olivine orthocumulate (E.G. 6520), height
1750 m. Ridge west of Hutchinson Gletscher Syenite I. Crossed polarizers,
x12.
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Fig. 1.

Fig. 2.

Plate 9

Lower Zone B, plagioclase-augite-olivine orthocumulate (E.G. 6517) height
2050 m. Ridge west of Hutchinson Gletscher Syenite I. Crossed polarizers,
x 12.

Lower Zone B, plagioclase-augite-olivine orthocumulate (E.G. 3997) height
3850 m. Ridge west of Hutchinson Gletscher Syenite 1. Crossed polarizers,
x12.
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Plate 10

Fig. 1. Lower Zone A, ferromagnesian-rich cumulate (E.G. 3967) height 450 m.
Crossed polarizers, x 12.

Fig. 2. Lower Zone B, ferromagnesian-rich cumulate (E.G. 6534) height 1000 m.
Ridge west of Hutchinson Gletscher Syenite I. Crossed polarizers, x 12.
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