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Abstract

The Kiiganguaq Member is a lava and tuff sequence comprising about 7.S km' of magnesian silicic ba
salts (92%), magnesian andesites (7%) and feldspar-phyric silicic basalts « 1%) found in the middle
part of the predominantly picritic Vaigat Formation of lower Tertiary age in northern Disko. The Kii
ganguaq Member rocks contain high normative orthopyroxene and usuaJly abundant modallow-Ca py
roxene while modal Fe-Ti oxides are very sparse. The rocks show chemical similarities to boninites and
to high-Mg continental dolerites. Comparison with regional picritic to olivine-poor tholeiitic basalts
from the Vaigat Formation reveals that the Kiiganguaq Member rocks were derived from picritic par
ents (MgO > 18%) through reaction with crustal rocks, presumably Cretaceous sand or siltstones. The
reaction led to sulphide fractionation and to magma modification which cannot be explained in terms of
crystal fractionation or by simple mixing between magma and contaminants.

The transition element (Fe, Ti, Vand Cr) concentrations in rocks, glasses and minerals indicate that
the Kiiganguaq Member rocks equilibrated at oxygen fugacities several orders of magnitude below the
FMQ buffer, but above the IW-buffer. The partitioning of vanadium between olivine and glass and be
tween chromite and glass shows particularly large variations and appears to be the most sensitive re
corder of to, variations in the range between the FMQ and IW buffers at high igneous temperatures.

Author's address:
Asger Ken Pedersen
Geologisk Museum
øster Voldgade 5-7
DK-BSD København K
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INTRODUCTION

The lower Tertiary vo1canic provinee of West Greenland is particularly notable
for its large volumes of picritic vo1canic rocks (Clarke & Pedersen, 1976) and for its
contaminated and strongly reduced vo1canic rocks which share many features with
extratel1uric materials (see Bøggild, 1953; Pauly, 1969; Pedersen, 1975, 1981).

In the Disko and Nugssuaq regions (fig. 1) the early vo1canic sequence - the Vai
gat Formation (Hald & Pedersen, 1975; Pedersen, 1985) - is largely composed of
picritic lavas and hyaloclastites with minor interlayered sequences of contaminated
lavas. The lavas forrned as the result of major geotectonic processes leading to
crustal foundering in the Baffin Bay region (e.g. Clarke & Upton, 1971; Van der
Linden, 1975; Henderson et al., 1981).

The magmatism was preceded by graben formation and accumulation of up to
several kilometres of Mesozoic to early Tertiary sediments (Henderson et al., 1976,
1981). As the vo1canism progressed increasing igneous diversification took place
(Clarke & Pedersen, 1976), but in the early stages of activity, corresponding to the
lower part of the Vaigat Formation, the magmatism seems to have been very sim
ple: primitive mantle-derived picritic melts low in LIL elements ascended rapidly
through a continental crust composed of a Precambrian substratum and a cover of
Mesozoic to early Tertiary sediments.

Most of the vo1canic produets were not notably affected by reaction with the
crust and were erupted as picritic basalts and subordinate olivine-poor tholeiitic ba
salts derived from picrite magma by removal of olivine at low pressures.

Aminor amount of the melt, however, reacted with the crust and forrned con
taminated sequences composed of silicic basalts and magnesian andesites. At least
six contaminated sequences are known from the Vaigat Formation on Disko, while
many poorly known occurrences are present on Nugssuaq (e.g. Pedersen, 1978a).
Some contaminated sequences contain extremely reduced basalts and andesites
with metallic iron and graphitic pyrometamorphosed shale xenoliths, as described
from the Asuk Member (Pedersen, 1978b, 1979a, 1985). However, most of the
contaminated rocks are poor in xenoliths and cannot give direct information as to
the nature of the contaminants, except that these contained insufficient reducing
components to allow the precipitation of metallie iron (or the magmas became oxi
dized prior to eruption). In order to be able to characterize all these rocks in terms
of their predominant contaminants, the best exposed and most variable iron-free
contaminated lava sequence in the Vaigat Formation has been selected for a de
tailed study; this is aminor vo1canic system on Disko, formalized as the Kuganguaq
Member (Pedersen, 1985).
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The Kilganguaq Member rocks were derived when picritic parents reacted with
the crust and exemplify empirically the formation of andesitic rocks by that pro
cess. The rocks do not carry metallic iron, but are nevertheless distinetly reduced
compared to the normal rocks produced by the regional Vaigat Formation volcan
ism. For this reason the Kilganguaq Member rocks offer a rare opportunity to study
the behaviour of the lithophile transition metal elements in natural rocks in the
range of oxygen fugacities between the FMQ and IW foz buffers at high igneous
temperatures. Therefore the paper will focus on the characterization of ferro
magnesian silicates and oxides and the glass phases in the Kilganguaq Member
rocks.

In order to characterize the igneous environment of the regional vo1canism this
study also includes the first descriptions of picrite glass rocks from Disko.

The present paper on silicic basalts and magnesian andesites from the Kil
ganguaq Member forms part of the current investigation on Disko and Nilgssuaq of
the contaminated volcanic rocks and their xenoliths, with particular emphasis on
their unusual and strongly reduced igneous and pyrometamorphic character.

Earlier papers have dealt with xenolithic material from the extremely reduced
volcanic rocks from the Asuk Member (Pedersen, 1978b, 1979a); with the less re
duced iron-bearing graphitic magnesian andesite and basalt tutts from the Abra
ham Member on Nilgssuaq (Pedersen, 1978a); with the slightly iron-bearing basal
tic dyke glass at Luciefjeld (Pedersen, 1979b) and with the iron-bearing andesitic to
dacitic lavas with their unusuallunar-like oxide mineralogies from the Maligåt For
mation of north-west Disko (Pedersen, 1981).



GEOLOGICAL SETfING

A subdivision of the Vaigat Formation into members (fig. 2) was presented by
Pedersen (1985). Briefly, the Vaigat Formation vo1canism seems to record two ma
jor thermal events. The first event led to regional picritic vo1canism (Naujanguit
Member) with olivine-poor tholeiitic basalts in its waning stage (Qordlortorssuaq
Member). A temporary decline of vo1canism then led to a widespread trans
gression. The second thermal event again produced regional picritic vo1canism (Or
dlingassoq Member), including minor alkaline basaltic lavas. A separate sequence
of alkaline basaltic rocks within the Ordlingassoq Member has been formalized as a
separate member (Manitdlat Member).

Two distinctive vo1canic systems, each consisting of silicic basalts and magnesian
andesites, were formed in the first thermal event and have been formalized as the
older Asuk Member, which contains metallic iron, and the younger Kuganguaq
Member, which does not contain metallic iron.

The Kuganguaq Member vo1canics are continuously exposed in the steep and
deeply disseeted lava plateau in the northern part of the Kuganguaq valley (fig. 3)
and ean be followed in the coastal mountains to Manitdlat kugssinerssuat. Consid
erable parts of the exposures are inaccessible. Parts of the central eruption area
were removed when the Kuganguaq valley was carved out in the basalt plateau.

The Kuganguaq Member comprises about 7.5 km3 of lavas and tuffs which cover
an area of about 200 km2 along the north coast of Disko (fig. 4b). The Kuganguaq
Member lies on top of a regular sequence of picritic pahoehoe lavas, which form

Fig. 2. Lithostratigraphic
scheme of the Vaigat Forma
tion on Disko, from Pedersen
(1985).
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Fig. 3. Oblique aerial photograph of the central erater area of the Kflganguaq Member in the north-east
em part of Kflganguaq valley een from the west. The north eoast of Disko and Vaigat are seen to the
left with llgssuaq in the background. The tuff shield in the Kuganguaq Member is marked by the white
arrow and by a stippIcd signature. The photo covers the type areas for the lower part of the Yaigat For
mation and for the Naujanguit and Kflganguaq Members. H: hyaloc1astite, : Naujanguit Member, K:
Kuganguaq Mel1lber, Q: Qordlortorssuaq Member, M: Manitdlat Member, O: Ordlingassoq Member,
MF: Maligåt Formation, F: Feeder dyke in the Kflganguaq Member, $: Cretaceous sandstone, Mu:
Mud voleano. Copyright Geodætisk Institut, Denmark, published with permission A.695179.

the top of the aujanguit Member in this area, and is covered partly by the Qor
dlortorssuaq Member basalts, and partly by picritic lavas and hyaloclastites from
the Ordlingassoq Member. Most of the Kfiganguaq Mcmber volcanic rocks were
erupted from within a small area in the eastern side of Kfiganguaq valley, just north
of the entrance to Harald Moltke Dal.

Thc central eruption area is situated just east of an irregular, north-south, major
fault zone which extends roughly ] 20 km from Kfiganguaq in the north to the south
coast of Disko (fig. 1).

The fauit, which cuts through all the exposed Tertiary rocks, separates down
thrown areas to the west from a stable, subhorizontal, plateau to the east.

A few kilometres north of the eruptive centre, coastal exposures of the pre-vol
canic basement of Cretaceous sediments (fig. 1) have revealed an old escarpment
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more than 300 m high with the low-Iying areas towards the west (Pedersen, 1973).
This is taken to indicate that large-scale fauIt movements were also active prior to
the onset of vo1canism. Detailed mapping of the distribution of vo1canic marker
horizons in areas covered by the Kuganguaq Member (Pedersen, 1973; GGU,
1976) has demonstrated large-scale movements during the vo1canism (relative to
the palaeo-sea level). These movements are best described as combined down-sag
ging and gradual tilting of a large block towards the south-east.

It is highly probable that this large structure controlled the location of the erup
tive sites for the Kuganguaq Member volcanism.

Substratum to the Kuganguaq Member

Precambrian amphibolite facies gneisses and amphibolites are exposed from
southern to central Disko (fig. 1). These are known as the Disko Gneiss Ridge
which, according to seismic data, continues northwards at a depth of less than 500
m into a limited area south of the entrance of Auvfarssuaq valley on Nugssuaq (EI
der, 1975). The Kuganguaq Member crater area is situated about 5 to 10 km to the
east of the supposed extension of the Disko Gneiss Ridge between Nugssuaq and
the northernmost gneiss exposures on Disko, found in Stordal.

Cretaceous sandstone and minor carbonaceous shales from the Atane Formation
(Henderson et al., 1976) are exposed a few kilometres north of the central crater
area, just below the Vaigat Formation rocks. There are about 300 m of sediments
present above sea level and as they extend at least down to the deepest part of the
Vaigat north of Kuganguaq (- 565 m, Denham, 1974) they must be at least 900 m
thick.

Depending on the prevo1canic topography, the Kuganguaq Member crater area
is under1ain by between 450 and 700 m of predominantly picritic lavas and minor
hyaloclastite breccias of the Naujanguit Member.



VOLCANIC LITHOLOGY

The Kuganguaq Member eruption products form an irregular shield which thins
gradually towards the south but rapidly towards the north and north-west, because
the magma erupted on a subhorizontal plane of picritic pahoehoe lavas, which
slowly sagged towards the south-east. The Kuganguaq Member deposits now reach
a thickness of only 90 m, but the tops of some crater structures were eroded before
they were inundated by younger picritic lavas. A number of detailed sections (fig.
5) and some photographs (figs 6 to 8) illustrate the vo1canic lithology of the Ku
ganguaq and Qordlortorssuaq Members. Only the central eruption area and a
feeder dyke location, with associated lavas, will be described in some detail.

Central eruption area

The central eruption area around 700 12'40''N, 53°51'50"W at the junction be
tween Kuganguaq and Harald Moltke Dal covers an area of roughly 20 km2 (fig.
4b) and is represented by sections 2a, 2b, 3, 4 and 5 in fig. 5. Everywhere a deci
metre thick layer of red bole on top of the underlying picritic lavas marks a tempo
rary decline in vo1canic activity just prior to the Kuganguaq Member vo1canism.

Five units, A to E, some of which have only a limited areal extent, are found
above the red bole. A: about 20 m of thin olivine microporphyritic basalt lavas. B:
a shield-like crater structure composed of several units of basaltic welded tuffs.
This unit extends to the top of the Kuganguaq Member in some areas. C: up to 40
m of olivine microporphyritic basalt lavas, very similar to unit A, overlie unit B in
the northern and eastern part of the area. They will not be described separately. D:
thick and irregular, blocky, magnesian andesite lavas with an andesite tuff on top.
E: a few flows of feldspar-phyric silicic basalt.

A single feldspar-phyric basalt lava from the Qordlortorssuaq Member occurs
above the Kuganguaq Member in the southern part of the central area, whereas pi
crite lavas form the cover in the northern part (fig. 6).

Olivine microporphyritic basalt lavas (units A and C)

This oldest unit is composed of five olivine microporphyritic basaltic aa lava
flows, varying in thickness from 1.5 to 3 m and with a total thickness of 12 to 15 m.
They are characterized by light grey-brown weathering colours. On top of these
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Fig. 6. Section 3 (fig. 5) in the Kuganguaq Member in the northem part of the central erater area. A and
C: olivine mieroporphyritie basalt lava. B: basalt tuff from the unit whieh a few kilometres further south
forms the tuff shield. D: magnesian andesile lava covered by T: andesite tuff. Thc Kuganguaq Member
is direetly overlain by P: picrite lavas in this area.

lavas rests a 5 m thick olivine microporphyritic basalt flow conslstmg of lava
tongues and pillow-Iike bodies. Both grain size and vesiculation vary strongly in
this lava, and numerous tiny pegmatitic patches are developed.

Welded basalt tufts (unit B)

This volcanic sequence is described in detail because of its unusual nature. The
welded tufts build up a shield-like body which covers an area of roughly 300 by
500 m. Outside this area the tuffs decrease in thickness from several metres to less
than ane decimetre, and cover an area af 10 km2 surrounding the central body. Its
intense red oxidation colours can be observed from distances of more than 30 km,
but by volume it constitute no more than about 0.005 to 0.01 km3

, accounting for
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Fig. 7. Seetion 2b (fig. 5) in

the Kuganguaq Mernber in

the southern part of the cen

tral erater area as seen from

the north. P: pierile lava. A
and C: olivine microporphy-

rilie basalt lava, 13, and B~:

lowcr an I upper units in the

basaltie tuff shield. BT: a sep
aratc olivillc microporphy

rilie basalt tuff unit which i

panly uf phreatie origin. D:
Illagnesian andesite lava; the
flow to thc right is highly sco
riaeeous. E: feldspar-phyric

silicic basalt lava, Q: Qor

dlortorssuaq Melllber basalt
lava.

only a very mall proportion of the Kiiganguaq Member volcanics. The shield cen
tre marks an eruption site, but no feeder dyke or neck has yet been found. The
welded tutt comprises two units which must have been emplaced within a very
short span of time.

The lower unit (figs 8 to 10) which is up to 30 to 40 m thick, was deposited on the
crumbling scoria-top of the uppermost of thc unit A lavas (olivine microporpbyritic
basalt). The basal 30 to 40 cm of the tuft consist of red unwelded tuff with a particle
size range from dust to lapilli. The particles are achneliths (Walker & Croasdale,
1973), which are finc-vesiculated and generally have srnooth sphaeroidaI forms.
They are mostly black to dark grey in the cores and have a red-oxidized surtace.
From thc basc upwards the degree of welding increases rapidly, and tbe droplets
become glassy and encIosed in red welded tutf. Some 30 to 40 cm upwards from the
base the tuff has become a columnarly-jointcd basaltic glassy rock (fig. 8a) with a
bluish grey colour. The glass zone (3 m) shows a very distinct subhorizontallayer
ing, indicated by slightly varying oxidation colouring, while flow-fold patterns are
absent. Roundcd incIusions, which reacb a size of a few centimetres and are com
mon in the glass layer, consist of partially melted sandstone xenoliths with very
abundant carbonate-filled vesicles.

Oxidation becomes more pronounced in the upper part of the glass layer, and

2 Bulletin nL 152



18

Fig. 8. a: Section just south of

the cenlral part of the basal
lic tuff shield. A: olivine mi
croporphyritic basaltic pa
hoehoe lava. B,: the hasal

glassy luff rock with colum

nar jointing, shown in detail

in fig. 8b. B,: oxidized less
welded fiamme tuff ",hich

also includes thc uppcr tuff
unit. E: feldspar-phyric silicic
basalt lava flows, Q: Qor

dlortorssuaq Member basalt

lava, P: picrite lava from tbe

Ordlingassoq Member.

Fig. 8 eoll/. b: The base of the
lower unit in the tuff shield.
A: vesiculated upper part of

an oiivine microporphyritic
basalt lava flow, B,: oxidized

achnelith-rich basaltic tuff,
unwelded at the base and in

creasingly welded upwards,
B2: trongly wclded glassy ba
salt tuff wilh columnar joint

ing.

there is an upward gradation into highly oxidized, less welded, tuft which con
stitutes the upper part of the lower tuff unit. Numerous subhorizontal blaek basal
tic 'fiammes', surrounded by oxidized fine-vesieular tuff (fig. 9), oecur in this part
of the unit.

The glassy !ayer gradually disappears about 100 to 200 m south of the supposed
eruption site, and only a compact achnelith-rich basaltic tuft is found. In an area
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Fig. 9. Basaltic wclded tuff

with fiamme structure from

the uppermost part of the
lower tuff unit in the tuff
shield. The fiammes are
black while the tuff matrix is
Ted. Sample GGU 113379.

Fig. lU. Seetion through the

central part of the basalt ic

tuff shield. A: olivine micro

porphyritic basalt lava. The
uppermost of the c tlows
(A l) forms a Ineal updoming.
Bl: inlensely welded basalt

luff with columnar jointing
which became welded into a

glassy rock and then recrys
lallized (O a basalt ic hornfels.

Wherc depo itcd on the lava
dome, lhe luff welding is less
intense and an oxidized less

welded fiamme tuff (82) was

formed. BJ : oxidized basaltic

tuff unit. B,: hasaltie hornfels
tuff forming the base of the
upper tutl unit. B,: ba altie
fiamme luff from the upper

part of the upper tuff unit.

Drawn from photograph. A

dose to the supposed eruption centre, the glassy lower Jaycr has completcly rccrys
tallized and appcars as an cxtremely fine-grained oJivine mieroporphyritie basalt
with regular eolumnar jointing. Where this crystalline basalt layer was depositcd on
loeal updomings of the underlying lava flow, eontaet relations clearly show that thc
basalt was emplaeed as a tephra deposit (fig. 10).

The upper unit of welded tuff (10-30 m), whieh forms a tongue on the northern
flank of the erater shield, was dcpositcd directly on the lower tuff unit. Its lower
part is a non-vcsicular, dense, olivine microporphyritic basalt (strongly welded
tuff) which grades upwards, without intrusive contact feature·, into a red to purpie
fiamme-tcxtured basalt ic welded tuft, very similar to the lower welded tuft unit.
The crystalline basalt layer reaehes its maximum thickness of more than 10 m

2'
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Fig. ll. Magnesian andesile
lava wilh thc characteristic
sphaeroidal fraclure pattcrn
which distingui. hes lhese
more silicic rocks from the

basalts. From seclion 5 (fig.S)
in Harald Moltke Dal.

around its supposed centre, which is inaccessibie due to topography. The top af lhe
upper welded tuff unit, which i' eroded and levelled, is covered by picritic lavas
younger than the KGganguaq Member in the central part of the crater structure,
while the tlanks are covered by lavas from unit C and D towards the north and
units D and E towards the south.

Magnesian andesites (unit D)

Outside the central part of the welded tuff crater structure, from 1 to 4 magne
sian andesite flow. are found above the welded tuff level. Their cumulative thick
ne s is up to 45 m (SE of the crater structure), and the individual flows range in
thickne's from 1 to 25 m. The ande. ites form blocky aa lavas with piles of highly
oxidized massive and scoriaceous inc!usions and with very irregular lava surfaces.
From a distance these heaps resemble craters, but no specific eruption site have
been identified although most of these lavas must have erupted within the central
area. The massive, vesic!e-poor, lower parts of the andesite lavas appear as dark
grey rocks with a basaltic appearance, but are distinct from most basalts by a char
aeteristic sphaeroiclal jointing (fig. 11) and a generally more fine-grained ground
mass. Macroscopic xenoliths have not been found, and tuff layers are very sub
ordinate within the magnesian andesite lavas. Thc largest tuff layer found is a few
metres thick, coarse olivine and orthopyroxene-bearing andesite tuft, deposited as
the top layer af the KGganguaq Member in the northern part of the central erup
tion area.
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Feldspar-phyric silicic basalts (unit E)

The youngest vo1canic products from the Kuganguaq Member are a few feldspar
phyric basaltic lava flows, which overlie magnesian andesites and part of the
welded tuff shield in the southern part of the central area. One of these flows has
also been recognized on the western side of Kuganguaq valley, 6 km north-west of
the tuff shield.

The lava flows, which are each about 3 to 4 m thick, are characterized by a light
yellow-grey weathering colour and contain numerous vesic1es, up to decimetre
size, which are now partly filled with agate, quartz and ca1cite. Xenoliths have not
been found in these lavas.

Basaltic feeder dyke and its associated lavas

The only known Kuganguaq Member feeder channel is exposed at Kugssinikav
saq (70012'1O''N, 53°31'36"W) about 5 km east of the central crater area (fig. 3). It
is a vertical basaltic dyke from 1.5 to 4 m thick, which strikes NW-SE, folIowing a
persistent regional dyke trend (Pedersen, 1977a). At levels more than 80 m below
the palaeosurface, the dyke is non-vesicular and appears as an olivine micropor
phyritic, fine-grained basalt with regular columnar jointing. From about 80 to 20 m
below the surface, the dyke becomes gradually more vesicular, grading upwards
into a vesiculated heap of scoria, which is strongly oxidized in the top zone. Apart
from a scoria pile, which is a few metres thick, there is no crater-like body, and the
eruption site is inconspicuous from a distance.

There are about 13 flows here totalling 70 m in thickness (fig. 5, section 6), all of
which are olivine microporphyritic basalt with uniform lava morphology. These
flows correlate with units A + C in the central crater area. On top of the Ku
ganguaq Member is a layer of red bole, a few centimetres thick, which is covered
by a picritic hyaloclastite horizon from the Ordlingassoq Member.



GEOLOGICAL SUMMARY

The Kuganguaq Member vo1canism ean be briefly summarized as follows.
(1) Just prior to the onset of this vo1canic phase northern Disko was a subhori

zontal plain covered by picritic pahoehoe lavas, probably erupted from a NW-SE
trending fissure system. The surfaee was slightly weathered and covered by a thin
layer of red bole. The lava plateau, which dipped slightly towards the south-east,
was limited by a water-filled basin towards the east. Further south, in the Stordal
area, weathered gneiss surfaces occurred as 'islands' in the surrounding lava plain.

(2) The Kuganguaq Member vo1canism was initiated by extrusion of olivine mi
croporphyritic basalt lavas which were probably erupted over considerable areas
through NW-SE trending fissures.

(3) Aminor vo1canic centre was established in the northern part of Kuganguaq,
near a persistent N-S trending hinge-structure. Two unusual basaltic welded tufts
were erupted here to form a small tuff shield. This tuft shield represents the largest
subaerial tephra deposit yet found within the Vaigat Formation on Disko.

(4) The tuff shield was partly inundated by olivine microporphyritic basalt lavas
in the northern parts of the area.

(5) Eruption of magnesian andesitic aa lavas followed in the eastern part of the
crater area. The andesite lavas were only accompanied by minor tephra-producing
activity.

(6) ane or a few feldspar-phyric silicic basalt lavas with estimated origin to the
west and south of the central crater area, mark the final Kuganguaq Member activ
ity. At this stage, parts of the central tuft shield still rose above the surrounding
lavas. Subsequent erosion levelled the upper surfaces of these features.

(7) Phenocryst-poor tholeiitic basalts from the Qordlortorssuaq Member were
later erupted over parts of the area (fig. 4c).

(8) A temporary decline in igneous activity followed, and a major transgression
took place, marked by the extent of the basal hyaloclastite in the overlying Ordlin
gassoq Member (fig. 4d).

The total volume proportions of the vo1canic rocks which make up the Kuganguaq
Member ean be roughly estimated as follows.

(1) Olivine microporphyritic basalt lavas and tufts
(2) Magnesian andesites
(3) Feldspar-phyric silicic basalts

92%
7%

<1%



PETROGRAPHY

Within the Kuganguaq Member, rock chemistry (Tables 17 to 21) shows that
broadly three magma types are present: (1) olivine microporphyritic basalts, (2)
magnesian andesites and (3) feldspar-phyric silicic basalts. However, both ground
mass texture and mineralogy vary considerably for nearly isochemical rock com
positions, indicating that the rocks experienced adiversity of cooling histories. Mo
dal analyses of selected samples are presented in Table 1.

Olivine microporphyritic basalts

These basalts are very uniform in chemical composition and in early phenocryst
mineralogy. Most lava samples show groundmass textures typical for igneous rocks
while some samples show additional metamorphic features. The tuffaceous rocks
have either glassy air-quench ash-textures or are glassy welded tuffs; some are
nearly holocrystalline hornfelses.

Lavas and the feeder dyke

Olivine « 1 mm) is invariably the dominant phenocryst phase, constituting be
tween 4 and 9 vol. % of the rocks, and showing stout and often skeletal morpho
logy. Except for the dyke samples and one lava sample, the olivine is pseudo
morphosed to green smectite. When fresh it exhibits normal zoning. In very fine
grained samples (fig. l2a) the olivine is not rimmed by other phases, whereas in
coarser rocks it tends to be resorbed and rimmed by ortho- or c1inopyroxene.

Brown chromite octahedra, occasionally reaching 0.06 mm in size, are found as
inc1usions in olivine as well as in groundmass plagioc1ase and pyroxene. Where in
contact with residuum they are distinctly zoned (Table 8 nos 1 to 4) and have
opaque rims of chromian titanomagnetite (fig. 13a). The modal abundance varies
from 0.05 to 0.019 vol. % with the higher values in samples with much groundmass
equilibrated chromite.

A few flows carry traces of microphenocrystic plagioc1ase and/or orthopyroxene
which always constitute less than 1 vol. %.

The groundmass is composed of pyroxene, plagioc1ase, Fe-Ti oxides and re
siduum, with traces of silica, carbonate, zeolites, late sheet silicates and sulphides.
In fine-grained groundmasses, pigeonite and subcalcic augite predominate greatly
over orthopyroxene, whereas coarser grained rocks (fig. l2b) show up to 20 vol. %
orthopyroxene, often mantled by pigeonite or subcalcic augite.



Table 1. Modal analyses of volcanic rocks from the Kuganguaq Member N
~

Olivine microporphyritic basalt Magnesian andesite Feldspar-phyric
silicic basalt

Rock type
Feeder dyke Lavas Welded tufts Pillow Lavas Lava

GGU No. 138229 135951 135953 135955 135956 135958 113321 135975 113380 264110 113363 135927 135945 135924 135962 135972

In vol. % Phenocrysts 7 5.5 4.5 8.5 5.0 5.0 9.0 8.5 7.5 9.5 18.5 18.5 0.5~ 20.5 26.5 9.0
Olivine 5.0 1.7 1.0 9.5 0.5
Olivine pseudomorphs 2.0 5.5 4.5 8.5 5.0 5.0 7.3 7.5 3.0 2.0 1.5 0.5 2.0 2.0 tr.
Orthopyroxene tr. tr. 16.0 17.0 ~ 18.0 22.0 tr.
Clinopyroxene 1.01 3.51 tr.
Plagioclase tr. 0.5 tr. ~ 0.5 2.0 9.0
Chromite* 0.10 0.05 0.05 0.19 0.07 0.07 0.06 0.13 0.15 0.15 <0.01 tr. tr. tr. <0.01 0.01

Groundmass
Total pyroxene in
groundmass 29.0 37.5 35.5 32.0 32.5 34.0 38.0 tr. 14.0 12.5 25.5~ 13.5 14.0 29.5
Orthopyroxene 13.5 20.0 tr. 17.0 18.0$ 19.5
Clinopyroxene 29.0 24.0 15.5 32.0 15.5 16.0 tr. 6.0 29.5
Plagioclase 45.0 41.0 43.0 43.0 43.0 45.0 tr. 50.0 tr. 33.0 43.0 38.0~ 37.0 41.0 37.5
Very fine-grained
groundmass or glass 87.0 90.0 88.0
Residuumt 15.0 8.0 11.5 10.0 7.0 6.5 0.5 22.5 20.5 23.5 25.0 17.0 13.5
Fe-Ti oxides 0.45 1.1 0.8 0.95 0.95 1.3 0.80 0.35 0.07 0.60 0.12 0.60 2.0
Late subsolidus oxides <0.01 0.04 0.10 0.03
Silica tr. tr. tr. 7.5 2.5 9.0 tr. 0.5
Late sheet silicate 1.0 6.0 4.0 5.0 11.5 8.0 4.0 1.5 2.5 2.0 4.0 2.5 2.5 3.0 1.0 8.0
Carbonate 2.0 tr.
Sulphide 0.03 0.03 0.008 <0.005 0.01 0.04 0.02 0.01 <0.005 0.03 <0.005 0.03 <0.005 0.04 0.02 0.007

99.6 99.2 99.5 ~ 100.11 99.9 100.1 100.11 ~ 99.7 99.9 99.6 99.6 99.2 100.1- 100.0-
Points counted for
major phases 1592 1554 1516 1542 1566 1703 1570 1689 1588 1516 1491 1588 1509 1503 1613 1651
Points counted with grid
ocular for analyses of
chromite, Fe-Ti oxides and
sulphides 58564 37268 46948 40172 43318 42955 119790 67639 53845 100793 31707 54759 48763 39326 42587 41866

Trace of phlogopite in 113380 and 135927; trace of apatite in 135945; trace of xenocrysts in 113321, 113363, 135927, 135924 and 135962; trace of zeolites in 135953 and 135972.
* Includes all chromite in the rocks.
t In several rocks residuum includes light rhyolite glass, Fe-Ti-Ca-P-rich silicate glass and traces of apatite.
I Reaction rims on olivine phenocrysts.
$ Includes traces of orthopyroxene phenocrysts.
~ Microphenocrysts and groundmass difficult to distinguish, therefore all counted as groundmass.
Modal analyses have been performed in two separate countings. In both an instrumentation with simultaneously transmitted and reflected light was applied. First a grid (c. 1500
points) covering about 370 mm2 was counted using a spacing of about 0.5 mm. For olivine phenocrysts with typical radius around 0.3 mm and modal abundances of about 9 vol% a
standard deviation (1 o) was estimated from the work of Solomon (1963) to be 1.0%.
In the second step chromite, sulphide and Fe-Ti oxides, which occur as tiny dispersed grains were determined. Grid ocular countings with a typical spacing of 0.016 mm and with
total grid points ranging from 35000 to 120000 were used. For sulphides with a mean radius below 0.005 mm lovalues of about 0.004 vol% were obtained, while chromites with
mean radii estimated at around 0.015 mm (conservative high estimate) gave lovalues between 0.01 and 0.02 vol%.
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Fig. 12. a: Olivine microporphyritic basalt lava. Euhedral phenocrystic olivine pseudomorph with al

tered glass inelusion and ehromite enclosed in a very fine-grained ba altie groundl11ass \Vhich shows in
tergranular lO subophitic texture. Sample GGU 135955. Mode in lilble l. Reflected light. b: Olivine mi
eroporphyritie basalt lava. Inthis fairly eoarse-textured rock subhedraltu subopbitic elino- and orthopy
roxene (often mantled by c1inopyroxene) and plagioclase are surrounded by intersertal patehes of
altered residuum with ilmenite and searee sanidine. Numerous vugs are filled entirely with smeetite.

Tiny chromite ery tals are enclosed in the orthopyroxene sllown in tile centre. Sample GGU 135956.
Mode in Table 1. Reflected light.

Some lava samples show unu ual ophimottled groundmass textures (fig. 14a and
b) in which orthopyroxene crystals include abundant tiny plagioclase laths; porphy
roblast growth has occasionally continued around early clear orthopyroxene phe
nocrysts (fig. 14b) or around olivine pseudomorphs. Calcic, subcalcic and pigeon
itic c1inopyroxene occurs a minor poikilitic grains in the groundmass and as prisms
bording small vugs.

PIagiocIa -e crystals are generally unremarkable and show normal zonation. They
show only a very limited range in modal abundance from 41 to 45 vol.%.

The Fe-Ti oxides vary from as httle as 0.4 vol. 'Yo in the feeder dyke to between
0.8 and 1.3 vol. % in the lavas (oxides found in iron-rich immiscible blebs ex
cludcd). Titanomagnetite seems to be the dominant Fe-Ti oxide in the feeder dyke
(fig. 13) whereas ilmenite is most com mon in the lavas where latc stage ferrioxides
also oecur. Groundmass oxides in the lavas showevidence of deuteric oxidation. 11
menite in the rocks with partIy metamorphic tex ture tends to show porphyroblastic
growth (fig. 14a, b).

Residuum reaches 15 vol. % in the feeder dyke, varying from 6 to 11 vol. % in the
lavas. In the least oxidized rocks, sueh as the dyke, the residuum eonsists of two eo
existing melt-phases as well as seattcred tiny crystals of pyroxene, plagioclase, apa
tite, and Fe-Ti oxides (fig. Bb to d).

The liquids were (a) light eoloured rhyolite whieh is mostly glassy and (b) glob
ular dark low-silica 'melt'. The dark blebs, whieh contain several phases among
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Fig. 13a to d. Groundmass in olivine microporphyritic basalt ie feeder dyke sample GGU 138229. a:
chromite crystal mantled by chromian titanomagnetite and surrounded by residuum and plagioclase, re
fleeted light. b: re idulIm pateh with strongly zoned groundma s pyroxenes whieh enelo e titanomagne
tite close to their margins. The residuum contains globlllar bodics of immiseible mafie 'melt' set in rhyol
itic glass, reflectet! light. c: cleetron image of the Jargest mafie body in b whieh consists of caleic elinopy

roxene, titanomagnetite and traces of phosphate, slllphide and residllum. d: eleetron image of a large
mafie bleb which shows cross skeletal titanomagnetite. The light erystals outside the mafie bodY are
lllvospinel-rieh titanomagnetite (Table 11, no. 1).

which tiny grains af skeletal titanomagnetite, calcic clinopyroxene and a phosphatc
ean be distinguished. Tiny crystals of groundmass pyroxene are sometimes SUf

rounded by a light rim of rhyolite glass and seem to have grown at the expense of
several of the dark blebs. Traces of a residuum of dark globules in paie glass are
also found in the lavas, but these features have usually been obliterated through
crystallization, deuteric oxidation and later weathering.
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Fig. 14. Olivine mieroporphyritie ba alt lava with ophil11ottled texture whieh is a eharaeteri tic feature of
this rock. a: grolIndOlass eharacterizcd by poikilitie orlhopyroxene which enelo es abundant tiny pla
gioclase crysteds, and by minor irregular ciinopyroxenes, surrollnded by plagiocia 'C and residullm-rich
arcas. 11menite forms sieve-textured plates. b: carly phenocrystic orthopyroxene enelo ing euhedral
ehrol11ite crystals and surrollnded by a pongy poikilitic l11antle of orthopyroxene. Note the euhedral mi
erophenocryst-like oulline uf some of the spongy orthopyruxenes in the groundmass. Sample GGU
135953. Refleeted light.

Sulphides oeeur in very smal! amounts from le's than 0.005 to 0.04 val. %. Parts
af these are enclosed as tiny globules in phenoeryst pha 'es, but most are interstitial
pyrrhotite and pyrite prceipitatcd from solutions.

Despite eareful seareh, neither native iran nor graphite have been found.

Basaltic tuffs

Four petrographical types ean be distinguished among thc basaJtic tuffs, whieh
are all oJivine mieroporphyritic basalts. In order 01' inereasing degree of wclding
thcsc are: (1) unwelded tuft, (2) moderatcly welded fiamme tuff, (3) strongly
welded ba 'altie glass tuff, (4) reerystallized basaltic hornfels tuff.

(1) The unwcldcd tuff from the southern part 01' the tuft shield is a crumbling and
altcrcd coarse tuff. Fresh, often skeletal, olivinc phenocrysts « l mm) eontain
seattered fresh, brown euhedral ehromite erystals (Tab Ic 6, no. 1) which also oecur
in the groundma,s. Thc tuft clasts are highly altered and only patehcs 01' hydrated
glass remain, most of thc glass now consisting af green sheet ilieatcs. The tuff eon
sists 01' zeolite (mostJy phillipsite, Table 12, no. 3), earbonate and green sheet sil
ieates, whieh also fill thc abundant vesicles. The tuff morphology is partiy obseured
by thc alteration, but both aehneliths and sharp-edged clasts ean be identified. The
tuff, whieh is probably partly phreatie in origin, differs from the typieal tuffs 01' the
shield.
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Fig. 15. a: Strongly welded ba altie tuff with glassy matrix. The outline of deformed tephra c1asts ean
still be seen. Sample GG U 113321, transmilted light. b: small immiseible sulphjde droplet, composed of
pyrrhotitc with tiny flames of a Cu Ol' Ni bea ring ulphide phase. The droplet, whieh i enclosed in a
glassy tuff matrix. has a slightly eorroded outline. Sample GGU 113321, reflected light.

Unwelded tuft at the base of the tuff shield is eomposed of oxidized often shat
tered aehneliths. This shows that the erater shield was not forrned as the result of
high-level phreatie aetivity, and indieates an initial Hawaiian to Vu!canian eruption
phase (Heiken, 1974).

(2) Moderately welded fiamme tuff eonstitutes the upper part of the tephra units
in the tuff shield (fig. 9). Where the tuft is least altered, abundant well preserved
aehneliths are recognizabJe. The often very smooth surfaee of the aehneJiths and
the surrounding very fine-grained tuft matrix are highly oxidized. Olivine is altered
to sheet silieate, ehromite is strongly oxidized, and fine-grained ferrioxide is found
throughout the nearly eryptoerystalline groundmass in the c1asts.

With inereasing wclding the proportion af fiammes inCJ'eases and their eores be
eome more glassy and less oxidized.

(3) StrongJy welded basaltie glass tuff constitutes the eolumnarly-jointed base of
the tuff shield. The welding has here produeed a glass roek in whieh the fiammes
have beeome nearly coherent (fig. 15a) and f1attened basaltie tephra fragments ean
still be diseerned. Very high magnifieation reveals that the 'glass' is mieroerystalline
(particle size < 0.001 mm). Olivine, (c. 9 vol.%) is partly aJtered and eontains spo
radie fresh ehromite grains, whieh also oeeur in the glassy matrix. A few tiny pyrox
ene and plagiocJase mieroliths oecur, and immiscible pyrrhotite blebs with very mi
nor? Ni anel Cu-rich phases (fig. 15b) constitute roughly half of the sulphides in the
rocks, while late pyrite is found in veins anel vesicles.

(4) Reerystallized basaltie hornfels tuffs occur in the central part of the tuff shield
where the tephra rocks have passed through a process of complete welding to be-
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Fig. 16. H: Chromite erystals sllrrollnded by extremely fille-grained basaltic hornfels mHtrix. Note that
high-lemperalure metamorphic equiJibration has de plc ted the hornfels in mafie eomponenls in a narrow

zone slIrrollnding the ehromite. From the base uf the lower tuff shield at the locality shown in rig. IO.

Sample GGU 135975, transmilted light. b: another view of the same sample showing low-reflecting ma
terial lIlTollnding lhe chromites, and a non-igneous rock textllfe. e: Basaltie hornfels with olivine phe

noeryst (ol) whieh is parlly altered lo smectite. The olivine carries a thin mantie of lamellar twinned pi
geoIlite. A ellhedral Ca-poor orthopyroxene crystal (arrow) has grown into one of the smeetite-filled
vllgs. Sample no. GGU 113380. d: reequilibrated chromite (ch) partly overgrown by ilmenite (il) in ba
sallie hornfels from the upper tuff unit in the tuff shield. Sample GGU 113380.

come high-temperature metamorphosed crystalline rocks. This metamorphism not
only induccd crystallization of the glassy matrix, but also led to substantial com
positional re-equilibration of the phenocrystic phases, oliyine and chromite. In the
lower tephra unit this metamorphism has transformed the groundmass into anearly
holocrystalline rock (grain size < 0.004 mm) with an entirely metamorphic texture
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(fig. 16a and b). This process has advanced further in the basallayer of the upper
tuft unit in the tuff shield, where patches of the welded tuft rock seem to have been
remelted and have crystallized with partly igneous textures. Most of the rock, how
ever, crystallized to an intergranular hornfels-textured basalt. The groundmass
(c. 0.005 mm) is composed of pyroxene and plagioclase with small ilmenite porphy
roblasts. Small vugs occur throughout the rock and are now filled by late green
smectite, but, lining and projecting into the vugs (fig. 16c), are also found orthopy
roxene, pigeonite, calcic augite, plagioclase, ilmenite, and phlogopite (Table 14).

Olivine phenocrysts are partly altered to smectite and carry reaction manties of
pigeonite and occasionally orthopyroxene. Around chromite microphenocrysts the
very fine-grained groundmass is depleted in mafic components (fig. 16a, b), and
the chromite has been greatly enriched in magnetite and ulvospinel components
(Table 6, no. 8), relative to chromite in the glassy welded tuff. Chromite has often
become intergrown with ilmenite (fig. 16d).

Magnesian andesites

The magnesian andesites all carry phenocrystic olivine (pseudomorphosed ex
cept in one lava flow and one tuff layer), chromite, orthopyroxene and plagioclase.

The phenocrysts and microphenocrysts vary from 18 to 26 vol. %, and prismatie
pyroxene microphenocrysts together with plagioclase define a distinct flow lami
nation in most rocks. The trachytic-textured groundmass (figs 17b, c) consists of
pyroxene, plagioclase, glassy residuum, Fe-Ti oxides and traces of sulphides.

Olivine is ascaree phenocryst phase (0.5 to 2.5 vol%) and is always strongly re
sorbed and reaction-mantled by orthopyroxene. In the quenched tuft olivine is only
slightly zoned, whereas in the lava a strong zonation is observed, thought to have
been caused by partial metamorphic equilibration. Phenocrystic chromite (fig.
17a), «0.02 vol. %) occurs mostly as inclusions in olivine and orthopyroxene;
when in contact with the groundmass it is zoned to chromian titanomagnetite at the
margin.

Orthopyroxene is the dominant phenocryst and microphenocryst phase, con
stituting between 16 and 22 vol. % of the rocks. Up to a few volume percent are
early, millimetre-sized, macrophenocrysts while the remainder are less than 1 mm
sized prisms, often mantled by clinopyroxene. A single large orthopyroxene crystal
has been found to contain a few tiny flakes of graphite, otherwise this phase ap
pears to be absent. Orthopyroxene in the tuft (135961) often shows skeletal out
lines (fig. 18) and does not carry reaction mantles.

Plagioclase microphenocrysts (2 vol. %) mostly occur as thin plates.
In some andesites the groundmass is toa fine-grained to allow microprobe analy

sis of individual phases.
Groundmass pyroxenes, constituting about 12 to 14 vol. % of the rocks, include

augite, subcalcic augite, pigeonite and orthopyroxene.
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Fig. 17. Magnesian 'Inde ites. a: phenoerysls ol' orthopyroxenc and oJivine, the latter pseudomorphosed
by smcctite. The olivinc pscudomorphs which encluse chromite show resorbed outlines and are mantled
by orthupyruxene. Sample GGU 135924, reneeted light. b: traehytic-textured groundmass consisting ol'

plagioclasc, pyroxcne and a rcsidullm whieh consists ol' rhyolitie glass coexisting with an exsolved Fe-Ti
Ca-P-rieh mafie glass phase, whieh has crystallized later, sample GG J35924, renected light. c: Ira
chytic-tcxtllrcd grolIndmass eonsisting ol' plagioclase, pyroxene and platy ilmenite set in a rhyolitic
glassy rcsiduum. Microphenocrystie plagioclase and orthopyroxene is also seen, sample GGU 135962,
reneeted light. d: clcctron image ol' the groundmass shown in b. The tiny mafie globular bodies ean be
seen Io conlain several phases with a mean atomie 1111mbcr rnlleh highcr than plagioclasc. Sample GGU
135924.

The groundmass plagioclase (33 to 41 vol. %) fonns thill plates which are nor
malJy zoned. No sanidine ar anorthoclase have been encountered.

The residuum which eonstitutes 17 to 24 vol% of the rocks, is extensively altered
and quartz-rich in some samples (e.g. 135945). In those samples that are least af
fected by post-eruption processes (e.g. 135924 and 135927) the residllum consists of
a light coloured rhyolitic glass and unmixed dark spheres «0.003 mm) of a Fe-Ti
ea-p silicate 'mell' which is now crystallized (fig. 17b and d). The dark spheres,
which constitute about 6% of the residllum in the investigated rock, are treated
separately in a tater section.
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Fig. 18. Magnesian andesite tuff. Askeletal
orthopyroxcnc microphcnocryst together
with other orthopyroxcne crystals in a tuff
matrix which has been metamorphoscd to
smcctitc and zcolites. Sample GGU 135961.
Plane polarized light.

Associated with the residuum are found Fe-Ti oxides, pyroxene and traces of ap
atite. Fe-Ti oxides show substantial modal variation in the andesites, reaching 0.6
vol. % in samples without preserved dark spheres, whereas in samples where these
spheres are preserved only 0.07 to 0.12 vol. % of well crystallized oxides are found
outside the dark spheres. The oxides occur as ilmenite plates, and as titanomagne
tite reaction rims on scarce chromite. Titanomagnetite is also found as isolated
grains in residuum, Ol' enclosed in late groundmass pyroxene. In the samples with
dark spheres, a major part of the Fe-Ti oxides in the rock occurs as tiny skeletal
grains inside the spheres, far toa small to be quantitatively analysed. Up to 0.04
vol. % sulphides is found in the least oxide-rich samples whereas less than 0.005
vol. % is present in the oxidized rocks. Only very little sulphide is present a immis
cible blebs in silicate phenocrysts, but the dark immiscible silicate blebs contain
substantial amounts of sulphur (Table 24), which must be present as sulphides.

Feldspar-phyric silicic basalt

This rock is a glomeroporphyritic basalt with an intersertal texture which con
tains about 9 vol. % phenocrysts of plagiocla 'e with minor er-rich augite, orthopy
roxene, chromite and traces of olivine pseudomorphs. The glomerophyres are up
to 1 to 2 mm in 'ize and may include more than 20 stout plagioclase phenocrysts
""hich tend to show oscillatory zoning (An79 to An68). Chromite (0.01 vol. %) occurs
as tiny brown octahedra enclosed in phenocrysts and in groundmass sihcates. The
groundmass is composed of pyroxene, plagioclase (zoned from An68 to Ans3), Fe-Ti
oxides and altered residuum. The groundmass pyroxenes are augite, subcalcic au
gite and pigeonite (fig. 26b) which display extensive zoning; pigeonite and subcal
cic augite have often nucleated on each other.
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Fe-Ti oxides are more abundant in the groundmass (2 vol. %) than in other Ku
ganguaq Member rocks and inc!ude extensively oxidized ilmenite and titanomag
netite. Sulphidcs «0.01 vol.%) are late and interstitial. About 13 vo1.% of the
rock is eomposed of altered residuum with green smeetite, high siliea zeolitc, siliea
and earbonate. The numerous vesicles are filled with green sheet silicates, carbo

nate and siliea.

Xenoliths and xenocrysts

In the o!ivine mieroporphyritie basalt lava neither xenoliths nor xenoerysts have
yet been found. In the lower tuft unit in the basaltie tuff shield a number of
rounded xenoliths, up to walnut-size, have been reeognized, most of them in the
moderately to poorly welded part of the tuff. The xenoliths whieh have abundant
ealeitc-filled vcsicles, are friable and cxtcnsivcly altered. A single xenolith from the
lower glassy part of the tuff is moderately well preserved and ean be recognized as a
vcsiculatcd, partialJy meltcd sandstone.

Fig. 19. a: ElIhcdral pyroxcne crystals in
glass rimming a quartz xenocryst (not
sbown) in a magnesian andesite. Tiny nee
dies uf an unidentified Fe-Ti oxide are seen
in the glass. The trachytic-textured grolind
ma s of tbe host andesite is seen olltsidc the
glass zone. Sample GGU 135962, rcflcctcd
light. b: sieve-textured aggregate of plagio
clase xenocrysts in feldspar-phyric silicic ba
salt. Thc grolIndmass shows intcrsertal tex
ture. Sample GGU 135972.

3 Bulletin nr. 152
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In the magnesian andesites xenocrystic quartz is widespread, but never abun
dant. The quartz occurs as strongly resorbed grains, which tend to be surrounded
by rhyolitic glass with many enclosed euhedral pyroxene crystals (fig. 19a). Xe
nocrystic plagioclase occurs as a 2 mm aggregate and as scattered grains in one an
desite. The plagioclase is devoid of graphite or red spinel, which is characteristic of
xenocrystic plagioclase from the iron metal-bearing volcanic rocks from Disko (e.g.
T6rnebohm, 1878). Scattered spongy and sieve-textured plagioclase xenocrysts oc
cur in the feldspar-phyric silicic basalts (fig. 19b).

All xenoliths and xenocrysts therefore seem to be derived from sandstones, but
disaggregated gneiss cannot be excluded as a source for some of them. Contrary to
the evidence from the older Asuk Member lavas (e.g. Pedersen, 1979a), no traces
of xenoliths or xenocrysts which could point to an origin from shales have been
found.

Petrographical summary

The main petrographical features of the three rock types in the Kuganguaq
Member can be summarized as follows.

The olivine microporphyritic basalts contain early crystallized olivine (often
pseudomorphosed) and chromite, and none of the rocks appear to be cumulative in
these phases. A few of the samples contain scarce early orthopyroxene. The
groundrnasses show substantial textural variation from magmatic to metamorphic
textures. In well crystallized groundrnasses abundance in low-Ca pyroxene and
scarcity in Fe-Ti oxides are characteristic features.

The magnesian andesites contain abundant early crystallized orthopyroxene,
scarce olivine (often pseudomorphosed), chromite and plagioclase, and none of the
rocks appear to be cumulative. The groundrnasses contain substantial amounts of
low-Ca pyroxene, and some rocks are extremely scarce in Fe-Ti oxides.

The feldspar-phyric silicic basalts contain abundant glomerophyritic plagioclase,
very scarce olivine (pseudomorphosed) and scattered orthopyroxene and augite
phenocrysts. Scarce early chromite is enclosed in all the other phenocryst phases.
The well crystallized groundrnasses contain calcic and subcalcic augite and pigeo
nite. The widespread Fe-Ti oxides show marked subsolidus oxidation.

Evidence for contamination in the Kuganguaq Member rocks is found in the
form of scattered sandstone xenoliths in basaltic tuffs, widespread quartz xe
nocrysts and sieve-textured plagioclase xenocrysts in magnesian andesites, and
scattered sieve-textured plagioclase xenocrysts in feldspar-phyric silicic basalts.

Most of the rocks in the Kuganguaq Member showevidence of low zeolite facies
metamorphism and contain smectite and various low temperature zeolites.



MINERAL CHEMISTRY

This account is based on microprobe analyses made at the Grant Institute of Ge
ology, University of Edinburgh (Microscan 5 microprobe), Research School of
Earth Sciences, Canberra (T.P.D. microprobe), and Institute of Mineralogy, Co
penhagen University (Jeol 733 Superprobe). Institutions and type of analysis are
indicated for the individual analyses in the microprobe tables.

Of particular importance for this study are the trace and minor element analyses
made at the Jeol 733 instrument in Copenhagen. Details of the analyticai tech-

Table 2. Detection limits for microprobe analyses

Sample Analysed Element No. of du- Acceleration Beam-cur- Lower limit of de- Lower limit of de-
phase plicate potential in rent in tection (20) based tection for 1 anal-

analyses Kv. n.A. on t-test' in ppm ysis based on the-
oreticai counting
statistics in ppmt

138228 Glass Ni 6 20 100 21 64
138228 Olivine Ni 7 20 100 15 60
138228 Glass Cr 6 20 100 9 32
St. Johns
olivine Olivine Cr 6 20 100 12 30
136943 Olivine P 9 20 100 12 50
Synthetic
forsterite Olivine V 4 20 500 17 24
176671 Olivine V 12 20 500 5 26
Synthetic
forsterite Olivine Ti 4 20 500 5 23
176671 Olivine Ti 12 20 500 4 14

Lower limits of detection in olivine and glass based on 90 seconds of grid counting on each of top and
backgrounds.
, Lower limits of detection (1.I.d.) based on t-test at 95% confidence level. Formula: I.l.d. (in ppm) =

Y2 a
__o t~·95 .• r- ; m = cps/1 ppm, a: counting time in sec. per analysis; a: pooled standard deviation
m·a vn

based on 0 2 =

0 2 peak + 0 2 background
---------; n: number of duplicate analyse; t: t-distribution factor at 95% confidence

2
level and at f degrees of freedom; f = 2n - 2.
Lower limit of detection at the 20 (c. 95% confidence) for one analysis based on theoreticai statis
tics.

Formula: U.d. = 4/m . \lCJf; Cb: count rate in cps on the background; T: time of analysis on peak in
seconds.

3'
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niques will be published in a separate paper. Briefly, trace element analyses were
made with an automated grid-counting procedure counting for 90 sec. on both peak
and backgrounds. With total electron fluxes increased by factors of 30 (Cr, Ni, P)
and 150 (Ti and V) as compared to routine spectrometer analyses, detection limits
were greatly improved. Detection limits as currently estimated at the microprobe
laboratory are obtained by comparison of peak and background populations for se
ries of duplicate analyses with a students t-test at the 2 a level. Table 2 gives de
tection limits and applied formulae, together with detection limits for individual
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Fig, 20, Composition of olivines from the Kuganguaq Member
and related rocks, For comparison are shown olivines from the
Vaigat Formation picrite glasses (field I, representing samples
GGU 136943, 264104 and 264137), from a basaltic pillow from
the Maligat Formation (field MF, sample GGU 176765) and
from a Fe-Ti basalt glass from a late dyke (field FeTi, sample
GGU 176554), Lines with arrows connect core and margin of
olivine crystals, while the broad double arrows show the trend
indicated for olivines in uncontaminated quenched basaltic
rocks from Disko, Field Trepresents olivines in quenched ba
saltic and andesitic tuff from the Kuganguaq Member. a: Cr,O,
v, 100 x Mg!(Mg+Fe'+) (atomic ratio), b: NiO v, 100 x Mg!
(Mg+Fe'+), c: NiO v, Cr,O,, d: P,Os v, 100 x Mg!(Mg+Fe'+),
e: TiO, v, 100 x Mg!(Mg+Fe2+); cross: olivine cores in the iron
metal-bearing basalt glass (sample GGU 176671) from the Kit
dlit dyke at Luciefjeld, south Disko (Pedersen, 1979b), f: V,03
v, 100 x Mg!(Mg+Fe2+); cross as in e, Note the high V,03 in
olivine in the iron metal-bearing glass rocks (sample GGU
176671), and the distinctly enriched V,03-level in quenched
Kuganguaq Member samples (field T) as compared to the un
contaminated rocks (fields I, MF and FeTi), Total vanadium is
reported as V,03' but the states of valency have not been de
termined,
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analyses based on theoreticai counting statistics, In general duplicate analyses indi
cate that contributions to the analytical signals from external noise, instrumental
drift etc. are negligible. Most determinations were made as averages of between 2
and 4 analyses, but because of the reconnaissance nature of this work some single
determinations have also been used, when the values obtained exceeded the de
tection limits based on 4 to 6 analyses on a similar phase.

In the folIowing section, microprobe-based descriptions are given of the phases
olivine, chromite, pyroxenes, Fe-Ti oxides, feldspar, smectite, zeolite, carbonate
and late stage residuum, such as rhyolite and exsolved Fe-Ti-Ca-P-rich silicate.
Probe work on basalt glass and very fine-grained groundmass is reported together
with the bulk rock chemical analyses. In order to provide comparative material,
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Table 3. Olivine from the Kuganguaq Member rocks

Analysis 1 2' 3 4 5 6 7 8 9
GGU no. 138229 264110 113374 113321 113321 113380 135961 135962 135962

Si02 40.0 40.4 39.7 40.3 40.0 39.00 39.8 39.8 38.5
Ti02 0.02 O <0.02 0.02 0.02 0.02 O <0.02 0.02
Al2O, 0.02 O 0.05 0.05 0.03 0.09 0.05 0.09 0.03
Cr2O, 0.130' 0.137' 0.1651 0.1331 0.0751 0.0251 0.1261 0.1201 0.078'
FeO· 11.7 11.2 12.8 12.4 14.1 20.2 13.5 12.6 20.5
MnO 0.17 0.2 0.17 0.15 0.17 0.24 0.18 0.17 0.26
NiO 0.0281 0.0311 0.0281 0.0281 0.0131 0.0221 0.0591 0.2441 0.1311

MgO 47.5 47.7 46.6 47.2 45.9 40.3 45.9 46.9 40.3
CaO 0.17 0.2 0.18 0.20 0.19 0.18 0.22 0.22 0.16

99.74 99.87 99.69 100.48 100.50 100.08 99.84 100.14 99.98

mg 87.9 88.4 86.6 87.2 85.3 78.0 85.8 86.9 77.8

Cations based on 4 oxygens
Si 0.9929 0.9986 0.9912 0.9953 0.9955 1.0027 0.9952 0.9894 0.9943
Ti 0.0004 0.0000 0.0004 0.0004 0.0004 OOסס.0 OOסס.0 0.0004
Al 0.0006 0.0015 0.0015 0.0009 0.0027 0.0015 0.0026 0.0009
Cr 0.0026 0.0027 0.0033 0.0026 0.0015 0.0005 0.0025 0.0024 0.0016
Fe2+ 0.2429 0.2315 0.2673 0.2561 0.2935 0.4343 0.2823 0.2620 0.4428
Mn 0.0036 0.0042 0.0036 0.0031 0.0036 0.0052 0.0038 0.0036 0.0057
Ni 0.0006 0.0006 0.0008 0.0006 0.0003 0.0005 0.0012 0.0049 0.0027
Mg 1.7572 1.7572 1.7340 1.7374 1.7024 1.5441 1.7105 1.7375 1.5512
Ca 0.0045 0.0053 0.0048 0.0053 0.0051 0.0050 0.0059 0.0059 0.0044

3.0053 3.0001 3.0065 3.0023 3.0032 2.9954 3.0029 3.0083 3.0040

·Total iron as FeO.
mg = 100 x Mg/(Mg + Fe2+).
, = by energy dispersive analysis (e.d.a.) except for Cr and Ni; all other analyses by w.d.a.
I = separate trace element analyses by wavelength dispersive analysis (w.d.a.).
Analyses 1 to 4 and 6 to 9 made at Institute of Mineralogy, Copenhagen.
Analysis 5 made at Grant Institute of Geology, Edinburgh.
1. Core of phenocryst in olivine microporphyritic basaltic feeder dyke.
2. Core of olivine phenocryst in glassy margin of basaltic pillow.
3. Core of large skeletal olivine phenocryst in basaltic tuff.
4. Core of olivine phenocryst in glassy base of lower tuff unit in the tuff shield.
5. Margin of same phenocryst as analysis 4.
6. Core of olivine phenocryst rimmed by clinopyroxene in basaltic hornfels tuff.
7. Core of olivine phenocryst rimmed by orthopyroxene in andesitic air fall tuff.
8. Core of olivine phenocryst rimmed by orthopyroxene in andesitic lava.
9. Olivine margin of same phenocryst as analysis 8.

some work is also reported on se1ected uncontaminated picritic glass samples and
olivine-poor tholeiitic basalts from outside the Kuganguaq Member.

Particularly detailed work has been done on olivine, pyroxenes, chromite and
glasses because of their importance in a redox context.
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Olivine

Olivine, originally present as a phenocryst phase in all Kuganguaq Member
rocks, is only preserved in a few of the investigated rocks: in the basaltic feeder
dyke, in one basalt lava, in parts of the strongly welded layers in the basaltic tuff
shield, in one unwelded basalt tuff, in one andesite lava and in an andesite tuff.

The Kuganguaq Member olivine shows a total compositional variation from mg
= 88 to 74 (Table 3 and figs 20 and 22a to c), but only the limited range of mg = 88
to 83 reflects primary magmatic crystallization, the more iron-rich compositions be
ing due to high-temperature autometamorphic equilibration.

The olivine is unremarkable with respect to Mn and Ca. The olivine com
positions (Tables 3 and 4) refleet the lower Ca-content of Kuganguaq Member
magmas compared with picritic glasses.

Cr shows some unusual, petrogenetically significant features (fig. 20a). Cr in oli
vine from uncontaminated picritic and tholeiitic glass samples decreases with mg.
The quenched Kuganguaq Member olivine, represented by one basaltic (113374)
and one andesitic (135961) tuft, is two to three times higher in Cr than picritic oli
vines with similar mg values. Further, comparison between quenched and automet
amorphosed olivine in both basaltic and andesitic rocks shows that subsolidus, or
near-solidus, equilibration has led to both decreasing mg and strongly decreasing
Cr (fig. 20a and Table 3, nos 3 and 6).

Considerable Cr-zoning has been found in olivine crystals from the glassy welded
tuft (113321) and the feeder dyke.

Ni shows unusual features (fig. 20b) in the Kuganguaq Member rocks. The Ni
contents of olivine from uncontaminated picritic to tholeiitic rocks are much higher
than those from Kuganguaq Member olivine at comparable mg levels (fig. 20b, Ta
ble 4). Within each rock group Ni decreases with mg in the olivine. Ni in olivine is
distinetly lower in the basalts than in the andesites (Table 3, nos 1 and 8), which
leads to anomalously low Ni/Cr ratios in olivine from the Kuganguaq Member
rocks (fig. 20d), particularly in those from quenched basalts. Similar features in the
iron-bearing basaltic glass rock at Luciefjeld, south Disko (Pedersen, 1979b) are
ascribed to the effects of sulphide and metal fractionation.

Variation of P20 S in magmatic olivine is generally poorly known, but in certain
pallasites up to 4.9 wto % P20 S has been reported to enter olivine without disturbing
its stoichiometry (Buseck, 1977). Recently, similar olivine has been reported from
Uivfaq, south Disko by Goodrich (1983, 1984). In the uncontaminated picritic to
moderately evolved tholeiitic rocks most olivine contains below 250 ppm P20 S (fig.
20e), the lowest values occurring in the olivine cores (~ 100 ppm). However, one
picrite sample shows anomalously high P20 S values (up to 900 ppm) in some olivine
cores. The Kuganguaq Member andesitic olivines are P20 S-poor, whereas those in
Kuganguaq Member basalt and other related basalts show considerable variation.
Large coresgenerally show low values whereas outer zones, and small microphe-
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Table 4. Olivine from the Vaigat Formation picrite glasses

Analysis 1 2 3 4 5 6
GGU No. 136943 136943 136943 136943 264104 264104

Si02 40.9 40.5 40.3 39.8 40.5 40.3
Ti02 0.04 0.06 0.05 <0.02 <0.02 <0.02
AlP, 0.07 0.09 0.05 0.04 0.05 0.05
Cr2O, 0.0971 0.0781 0.0411 0.0601 0.0461 0.0521

FeO· 7.58 10.2 12.5 13.5 10.8 13.4
MnO 0.09 0.18 0.15 0.16 0.19 0.14
NiO 0.421 0.421 0.321 0.241 0.381 0.351

MgO 50.7 48.5 47.1 45.9 48.3 45.7
CaO 0.28 0.28 0.34 0.38 0.28 0.32

100.18 100.31 100.85 100.08 100.55 100.18

mg 92.3 89.4 87.0 85.8 88.8 85.9

Cations based on 4 oxygens
Si 0.9932 0.9942 0.9938 0.9939 0.9943 1.0025
Ti 0.0007 0.0011 0.0009
Al 0.0020 0.0026 0.0015 0.0012 0.0015 0.0015
Cr 0.0019 0.0015 0.0008 0.0012 0.0009 0.0011
Fe2+ 0.1540 0.2094 0.2578 0.2820 0.2218 0.2788
Mn 0.0019 0.0037 0.0031 0.0034 0.0040 0.0030
Ni 0.0082 0.0083 0.0064 0.0048 0.0075 0.0068
Mg 1.8350 1.7744 1.7310 1.7083 1.7673 1.6942
Ca 0.0073 0.0074 0.0090 0.0102 0.0074 0.0085

3.0042 3.0026 3.0043 3.0050 3.0047 2.9964

• total iron as FeO. mg = 100 X Mg/(Mg + Fe2+).
I = separate trace element analyses by w.d.a. Analyses 1 to 5 by w.d.a., no. 6 by e.d.a.
All analyses at Institute of Mineralogy, Copenha-
gen.

1. Core of large phenocryst. 4. Euhedral small olivine microphenocryst.
2. Core zone of olivine with inclusion filled 5. Clear outer zone of olivine with strong inclu-

healed fractures. sion rich core.
3. Euhedral olivine phenocryst. 6. Margin of olivine phenocryst.

nocrysts, have PzOs levels which may exceed 900 ppm (fig. 20e). High values are
often found in skeletal crystals, which may suggest at least a partial kinetic control
of PzOs concentrations.

In order to find other possibly redox-controlled anomalies a limited number of
olivine crystals were analysed for Ti and V. Ti (as TiOz) vanes from less than 100
ppm in the most magnesian olivine in picrite glass up to 800 ppm in Fe-Ti basalt
glass (176554) (fig. 20e). The Kuganguaq Member olivine is not notably anomalous
compared to the other basaltic glass rocks, except that olivine from the basaltic
hornfels tuff (113380) is low in TiOz at comparable mg values. The reanalysed oli
vine from the iron-bearing glass rocks at Luciefjeld (Pedersen, 1979b, Table 2) is
slightly higher in TiOz (250 ppm) than other olivine with mg: 80-85.
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On the other hand V (as VZ0 3) in the olivine appears to be strongly foz-sensitive
as the uncontaminated picritic to tholeiitic olivine has low concentrations « 50
ppm), whereas the quenched Kuganguaq Member basaltic and andesitic olivine is
V-enriched (100-130 ppm) (fig. 20f). Olivine in the basaltic hornfels tuff and the
andesite showing autometamorphic textures (135962) has low V leveis, characteris
tic of the uncontaminated rocks. That from the iron-bearing Luciefjeld basalt glass
(Pedersen, 1979b) is several times higher in VZ0 3(about 350 ppm) than any other
olivine reported here, indicating that the stability of V in olivine increases mark
edly as the stability field of metallic iron is approached.

Chromite

Chromite is present in small amounts in all Kuganguaq Member rocks and has
been analysed in detail. Tables 5 to 8 give the chemical compositions of selected
chromite grains, and their substitution patterns are illustrated by figs 21 to 25.

The quenched chromite from Kuganguaq Member and related glasses (fig. 21
c-d, Tables 6-7) shows limited chemical variation and closely approximates (Mg,
Fez+)(Cr, Al)z04 compositions. The most magnesian chromite (mg = 65) is en
closed in early olivine while the most iron-rich grains (mg = 52 to 56) are found as
euhedral crystals in glass. Chromite from other rocks shows slightly different Cr/Cr
+ Al ratios and is rather poor in Ti and Mn. Calculations based on 24 cations and
32 oxygens indicate very low FeZ0 3contents in quenched chromite, generally be
tween 1 and 2 wt. % (figs 22 and 23). V, as VZ0 3, is invariably high in chromite from
the basalts and lower and more variable in that from the andesites.

Quenched chromite from the uncontaminated picritic glasses (fig. 21a, Table 5)
is not very different from that in the Kuganguaq Member rocks in terms of (Mg,
Fe) (Cr,Al)z components, but varies more within individual samples where there is
a rough correlation between the composition of chromite and host olivine or glass.
The most magnesian chromite (mg = 76) (Table 5, no. 1) is enclosed in very mag
nesian olivine (mg = 92.5-91) and has high Cr/Cr + Al ratios (0.70-0.62) whereas
chromite from the glass has mg = 0.60 and Cr/Cr + Al = 0.60 to 0.52. More alum
inous chromian spinel, which characterizes MOR picrite glass and spinellherzolite
(e.g. Sigurdsson & Schilling, 1976) seems to be missing or rare. The chromite is
generally poor in Ti and Mn and differs distinctly from the Kuganguaq Member
chromite by being poor in V (except for one single anomalous grain in an olivine
xenocryst, fig. 23a) and by its much higher calculated FeZ03 (figs 22 and 23). Chro
mite grains from the picrite glasses show a crude correlation of Fe3+ to Fez+ = 2
(fig. 22) which indicates a predominant magnetite component. In addition, some
chromites in anomalous olivine grains with inc1usion-filled cores (often with abun
dant healed cracks and with clear unfractured margins) show anomalous FeZ03 en
richment and may compositionally approach magnesioferrites.

In summary, quenched chromites from the Kuganguaq Member and from picrite
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Table 5. Chromites and related oxides in picritic glasses from the Vaigat
Formation

Analysis 1 2 3 4 5 6 7 8 9
GGU no. 136943 136943 136943 136943 136943 136943 264104 264104 264104

SiO, 0.16 0.18 0.11 0.17 0.11 0.15 0.09 0.12 0.11
TiO, 0.50 0.59 0.74 0.97 1.01 0.93 0.98 1.03 1.09
AI,O, 18.5 17.9 14.9 25.0 17.4 7.90 19.8 20.3 20.2
Cr,O, 46.6 47.7 45.0 33.6 35.3 22.0 40.8 38.9 34.0
V,03 0.12 0.15 0.09 0.15 0.12 0.07 0.14 0.20 0.16
FeO* 15.2 15.8 22.5 23.8 30.7 54.2 21.9 25.6 29.3
MnO 0.19 0.16 0.18 0.14 0.24 0.20 0.24 0.19 0.15
NiO 0.231 0.18 0.261 0.221 0.151 0.24 0.241 0.201 0.11
MgO 16.6 16.3 14.5 14.3 12.9 10.2 14.6 13.2 13.0
CaO 0.021 0.02 0.11 n.a. 0.021 0.05 0.09 0.031 0.13

98.12 98.98 98.39 98.35 97.95 95.94 98.88 99.77 98.25
Fe,O, 6.53 6.28 11.49 10.31 17.05 40.63 9.80 10.83 15.03
FeO 9.32 10.14 12.16 14.53 15.36 17.64 13.09 15.86 15.78

98.77 99.60 99.54 99.39 99.66 100.01 99.87 100.86 99.76

mg 76.0 74.5 68.0 63.7 60.0 50.8 66.5 59.7 59.5

Cations based on 24 cations and 32 oxygens
Si 0.0396 0.0444 0.0279 0.0414 0.0279 0.0407 0.0222 0.0296 0.0275
Ti 0.0929 0.1094 0.1409 0.1776 0.1926 0.1896 0.1822 0.1913 0.2050
Al 5.3907 5.2018 4.4478 7.1764 5.2025 2.5241 5.7694 5.9107 5.9545
Cr 9.1056 9.2952 9.0077 6.4677 7.0775 4.7135 7.9719 7.5951 6.7208
V 0.0237 0.0297 0.0182 0.0293 0.0244 0.0152 0.0278 0.0396 0.0321
Fe3+ 1.2150 1.1658 2.1888 1.8886 3.2545 8.2869 1.8221 2.0127 2.8277
Fe2+ 1.9270 2.0914 2.5758 2.9579 3.2571 3.9977 2.7048 3.2750 3.2994
Mn 0.0398 0.0334 0.0386 0.0289 0.0516 0.0459 0.0503 0.0398 0.0318
Ni 0.0457 0.0357 0.0530 0.0431 0.0306 0.0523 0.0477 0.0397 0.0221
Mg 6.1147 5.9880 5.4716 5.1892 4.8758 4.1197 5.3779 4.8586 4.8443
Ca 0.0053 0.0053 0.0298 0.0054 0.0145 0.0238 0.0079 0.0348

mg = 100 x Mg/(Mg + Fe2+).
*Total iron as FeO.
W.d. analyses as Institute of Mineralogy, Copenhagen.
I = separate trace element w.d. analyses.

1. Chromite in glass inclusion in olivine (mg = 91.9) in picritic pillow glass.
2. Chromite enclosed in magnesian olivine grain (mg = 91.3).
3. Chromite in glass inclusion enclosed in olivine grain (mg = 89.5).
4. Chromite phenocryst in glass.
5. Margin of chromite phenocryst grown at the rim of oxidized olivine grain.
6. Chromian magnesio-ferrite enclosed in the core of oxidized olivine grain (mg = 88.1).
7. Chromite in the clear olivine zone (mg= 88.8) surrounding strongly inclusion-filled olivine core in

picritic pillow glass.
8. Chromite in olivine phenocryst (mg = 87.3) in picritic pillow glass.
9. Chromite phenocryst in glass.
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Table 6. Chromites in basaltic tuffs from the Kugfmguaq Member

_Analysis 1 2 3 4 5 6 7 8
GGU no. 113374 138348 113321 113321 135975 135975 113380 113380

SiO, 0.14 0.06 0.07 0.13 0.13 0.11 0.08 0.56
TiO, 0.70 1.16 1.10 0.90 0.64 1.27 6.15 8.16
AI,03 20.6 21.1 22.9 19.5 20.2 15.9 8.99 4.74
Cr,03 48.0 44.5 41.7 45.9 40.6 39.4 34.6 23.8
V,03 0.84 1.48 1.31 0.78 0.71 0.75 0.84 1.40
FeO' 15.9 18.2 20.5 22.9 27.8 32.7 42.0 53.7
MnO 0.18 0.21 0.20 0.29 0.24 0.24 0.26 0.22
NiO n.a. <0.02 0.0071 <0.02 0.02 <0.02 <0.02 0.02
MgO 14.3 12.7 11.3 9.42 8.80 7.21 5.70 3.52
CaO 0.03 0.02 0.06 0.11 0.03 0.06 0.02 0.10

100.69 99.43 99.15 99.93 99.17 97.64 98.64 96.22
Fe,03 1.78 1.65 1.70 1.76 6.34 9.73 13.41 21.54
FeO 14.30 16.72 18.97 21.31 22.10 23.94 29.93 34.32

100.87 99.60 99.32 100.10 99.81 98.61 99.98 98.38

mg 64.1 57.5 51.5 44.1 41.5 34.9 25.3 15.4

Cations based on 24 cations and 32 oxygens
Si 0.0342 0.0149 0.0175 0.0331 0.0333 0.0294 0.0220 0.1625
Ti 0.1285 0.2169 0.2065 0.1723 0.1233 0.2549 1.2731 1.7812
AI 5.9254 6.1852 6.7398 5.8532 6.0992 5.0031 2.9173 1.6219
Cr 9.2584 8.7474 8.2301 9.2389 8.2204 8.3134 7.5290 5.4610
V 0.1643 0.2950 0.2622 0.1592 0.1458 0.1605 0.1854 0.3258
Fe3+ 0.3266 0.3087 0.3200 0.3378 1.2214 1.9544 2.7781 4.7038
FeH 2.9178 3.4761 3.9601 4.5385 4.7332 5.3449 6.8904 8.3313
Mn 0.0372 0.0442 0.0423 0.0625 0.0521 0.0543 0.0606 0.0541
Ni 0.0014 0.0041 0.0047
Mg 5.1998 4.7062 4.2042 3.5744 3.3589 2.8680 2.3382 1.5226
Ca 0.0078 0.0053 0.0160 0.0300 0.0082 0.0172 0.0059 0.0311

mg = 100 x Mg/(Mg + Fe'+).
'Total iron as FeO, n.a.: not analysed.
W.d. analyses as Institute of Mineralogy, Copenhagen.
1 = separate trace element w.d. analyses.

1. Chromite enclosed in olivine phenocryst in unwelded basaltic tuff.
2. Chromite in basaltic glass grain in unwelded basaltic tuff.
3. Chromite enclosed in olivine phenocryst in glassy welded basaltic tuff.
4. Chromite in glassy groundmass.
5. Chromite core in the margin of a pseudomorphosed olivine phenocryst in welded crystalline basaltic

homfels tuff.
6. Early chromite in microcrystalline basaltic matrix.
7. Titanian chromite in the core of olivine in welded crystalline homfels tuff.
8. Strongly autometamophic equilibrated early chromite rimmed by ilmenite in crystalline basaltic

groundmass.
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glasses have broadly similar major element compositions, but differ markedly in
their Vand Fe3+ contents and ratios (fig. 23). Both features are related to the con
trasting T-fO

2
regime of crystallization, as discussed later.

The more slowly cooled Kuganguaq Member chromite from the feeder dyke,
from the lavas (Table 8) and from the welded tuffs (Table 6) reveal their different
T-fO

2
histories by different chemical zonation trends (fig. 22b, c) and tend to retain the

characteristically high V content found in the quenched chromites.
The highest V content (VZ0 3 = 1.8%) occurs in chromite in the feldspar-phyric

silicic basalt lava (135972), which is also the most V-enriched rock in the Ku
ganguaq Member.

The contrasting zoning, which is mainly in terms of Ti and Fe3+ , is well illustrated
by comparison of the basaltic feeder dyke with the welded tuffs from the tuff
shield. Two trends are apparent in the feeder dyke (138229), the first being shown
by the cores of the chromites or by entire grains when enclosed in olivine or pyrox
ene. These chromites display a trend of mostly simple Mg +=Z Fez+ substitution with
only very minor increase in Ti and Fe3+ (figs 21 and 24). The second trend is ob
served when the chromite is in contact with the late groundmass in which it is
rimmed by an ulv6spinel-rich titanomagnetite (fig. 24, Table 8, no. 4) which is also
the dominant ,late Fe-Ti oxide. This second trend is characterized by 2Ti/Fe3+values
~ 1, in contrast to values ~ 1 in chromite from the welded tuffs (fig. 24). In the
glassy welded tuff (113321) the chromite is not markedly different from that of the
unwelded tuffs and glass rocks, but in the basalt hornfels tuffs (135975 and 113380)
a strong zonation leads from the original chromite towards compositions with a
marked magnetite enrichment with 2Ti/Fe3+ well below 1.0. Chromite in the mag
nesian andesite lavas shows distinct individual features (Table 7 and figs 23 and 24).
In one lava sample (135927) it appears to be nearly identical to that of the andesitic
tuff, except for lower VZ0 3, while in the other lava samples it shows a relative en
richment in Fe3+. The most oxidized andesitic chromites, characterized by 2Ti/Fe3+
ratios below 0.2, are from andesite lava sample 135962 which shows autometamor
phic equilibration textures and is devoid of any immiscible Fe-Ti-Ca-P-silicate
melt.

Pyroxenes

In the Kuganguaq Member rocks orthopyroxene forms scarce phenocrysts in a
few basalts, but is invariably present as a phenocryst phase in the andesites. Augite
has only been found as a phenocryst phase in the feldspar-phyric silicic basalts,
whereas phenocrystic pigeonite appears to be completely absent. The groundmass
pyroxenes show a considerable compositional variation. The Kuganguaq Member
pyroxenes closely approach the (Ca,Mg,Fez+)zSiz0 6 ternary system (except for the
very late iron-rich groundmass pyroxenes) (Tables 9 and 10). Calculations of the
pyroxene formula based on 6 oxygens indieate that ferrie iron must be a very minor
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Table 7. Chromites in magnesian andesite lavas and tuffs from the Kuganguaq
Member and in reduced Vaigat Formation basalt glasses

Analysis 1 2 3 4 5 6 7
GGU no. 135961 135927 135924 135924 135962 5646 264110

SiOz 0.15 0.15 0.14 0.17 0.10 0.10 0.12
TiOz 0.82 0.82 0.69 2.19 0.45 0.81 1.19
AlzO, 20.2 19.7 20.7 16.8 15.7 22.5 18.1
CrzO, 45.4 46.7 43.7 40.5 46.3 43.5 46.7
VzO, 0.94 0.64 0.31 0.77 0.32 1.43 1.43
FeO* 17.3 18.7 23.6 30.5 25.8 18.8 19.6
MnO 0.21 0.12 0.24 0.21 0.20 0.24 0.24
NiO n.a. n.a. 0.16 n.a. 0.Q7 n.a. n.a.
MgO 12.9 12.4 9.80 6.92 9.44 12.2 12.0
CaO 0.01 0.04 0.05 0.11 0.02 0.04 0.10

97.93 99.27 99.39 98.17 98.40 99.62 99.48
FezO, 1.88 2.13 3.38 5.55 6.50 1.51 2.53
FeO 15.61 16.79 20.56 25.51 19.96 17.44 17.32

98.12 99.49 99.73 98.73 99.06 99.77 99.73

mg 59.6 56.8 45.9 32.6 45.7 55.5 55.1

Cations based on 24 cations and 32 oxygens
Si 0.0379 0.0376 0.0355 0.0452 0.0262 0.0248 0.0303
Ti 0.1556 0.1547 0.1317 0.4374 0.0886 0.1508 0.2261
AI 6.0094 5.8252 6.1921 5.2597 4.8443 6.5684 5.3905
Cr 9.0569 9.2599 8.7659 8.5026 9.5798 8.5155 9.3264
V 0.1902 0.1287 0.0630 0.1640 0.0671 0.2839 0.2896
Fe3+ 0.3565 0.4016 0.6446 1.1087 1.2793 0.2810 0.4807
Fez+ 3.2945 3.5210 4.3635 5.6652 4.3680 3.6124 3.6602
Mn 0.0449 0.0255 0.0516 0.0472 0.0443 0.0503 0.0514
Ni 0.0327 0.0147
Mg 4.8514 4.6351 3.7059 2.7388 3.6821 4.5023 4.5178
Ca 0.0027 0.0108 0.0136 0.0313 0.0056 0.0106 0.0271

mg = 100 x Mg/(Mg + Fe2+).
*Total iron as FeO, n.a.: not analysed.
W.d. analyses as Institute of Mineralogy, Copenhagen.

1. Chromite enclosed in olivine fragment in andesite tuff.
2. Chromite enclosed in pseudomorphosed olivine phenocryst in andesite lava.
3. Core of chromite crystal enclosed in pseudomorphosed olivine phenocryst in andesite lava.
4. Margin of chromite in pseudomorphosed olivine close to reaction rim of orthopyroxene.
5. Chromite enclosed in olivine phenocryst in andesite lava.
6. Chromite in reduced basaltic glass with traces of native iron. Lowermost tuff in sample GGU 5646

from Agatkløft, Niigssuaq (Pedersen 1978a, p. 120 Fig. 3).
7. Chromite in olivine microporphyritic basalt glass in piIlow rim.
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component at most (Tables 9 and 10) and no quantification of the oxidation ratio
was therefore attempted. Some pyroxenes from all the three major rock types plot
within the pyroxene solvus gap, though to a different extent, and calcic augite is no
tably absent (figs 26 and 27). Pyroxenes from two olivine-poor tholeiitic basalts
from the Vaigat Formation (fig. 26c) are shown for comparison. Inspection of the
pyroxene trends in individual rock types reveals the folIowing.

Among the olivine microporphyritic basalts, the feeder dyke (138229) displays
the most extensive pyroxene variation (fig. 26a). It contains a few scarce orthopy
roxene crystals, mg = 80 (Table 9, no. 1), but is dominated by subcalcic augite and
pigeonite which tends to show zonation towards more calcic compositions. The
most evolved compositions are ferroaugite (mg = 36, Table 9, no. 4) which is asso
ciated with re-equilibrated former blebs of immiscible Fe-Ti-Ca-P-silicate melt.
The hornfels tuff shows the smallest degree of pyroxene zonation, metamorphic
equilibration having narrowly constrained the mg ratios (mg = 78 to 68), and low
and high Ca pyroxenes are separated by a wide gap (fig. 26b). The twin-Iaminated
pigeonite rims on olivine show the largest compositional scatter, whereas the late
groundmass and vug pyroxenes are fairly calcic augite and Ca-poor orthopyroxene
(Table 9, no. 9 and 10).

The lava trends lie between these extremes (fig. 26a). In the most coarse-tex
tured rock (135951) the solvus was effective, and strongly zoned groundmass ortho
pyroxene (mg = 83 to 42) makes up about a third of the groundmass pyroxene.

Coexisting augite (mg = 82) and orthopyroxene (mg = 81) phenocrysts occur in
the feldspar-phyric silicic basalt. The groundmass pyroxenes of this rock include
augite, subcalcic augite and pigeonite and show very extensive compositional scat
ter. Individual pyroxene grains show zonation extending both from pigeonite to au
gite and from augite towards pigeonite (fig. 26b).

In the magnesian andesites orthopyroxene is the only pyroxene phenocryst
phase, and it is the only pyroxene found in the andesite tuff (135961). Some ortho
pyroxene phenocryst cores (mg = 86-85) (Table 10, nos 1 and 2) are the most mag
nesian pyroxenes found in the Kuganguaq Member. The orthopyroxene is invar
iably normally zoned and commonly rimmed by clinopyroxene.

Fig. 23. Vanadium (V3+) v. ferric iron (Fe3+) (calculated assuming spine! stoichiometry based on 24 ca
tions and 32 oxygens) in chromites from the Vaigat Formation on Disko and Nugssuaq. Note the fol
lowing: in (a) the low V, except for one anomalous chromite crystal; in (b) the high V level is retained,
or only slightly diminished in Fe3+-enriched margins of the grains; among chromites in the magnesian
andesites (c) the considerable variation in both V3+ and Fe3+ from sample to sample and the V3+-rich and
Fe3+-poor chromites in the quenched tuff sample GGU 135961; in (d) the high V3+ and low Fe3+ which
characterize the quenched rocks. Chromites from the metamorphosed tuffs show marked Fe3+ en
richment but retain their original high V.

4 Bulletin nr. 152



50

Table 8. Chromite and chromian titanomagnetite from basaltic KCtganguaq
Member rocks

Analysis 1 2 3 4 5 6 7 8
GGU no. 138229 138229 138229 138229 135953 135953 135972 135972

SiO, 0.11 0.21 0.14 0.44 0.14 0.08 0.09 0.10
TiO, 1.26 0.90 6.02 24.0 1.03 10.2 1.91 1.70
AI,O, 20.6 19.1 12.6 2.38 21.7 7.06 16.2 14.3
Cr,O, 43.0 41.8 35.8 5.25 44.1 28.9 44.6 44.8
V,O, 1.32 1.19 0.88 0.44 1.29 1.29 1.78 1.64
FeO* 22.0 28.8 40.8 61.9 19.2 47.9 22.9 29.5
MnO 0.21 0.30 0.22 0.31 0.24 0.28 0.23 0.26
NiO <0.02 0.03 <0.02 0.04 <0.02 <0.02 <0.02 <0.02
MgO 10.3 5.95 3.40 1.13 11.9 3.24 10.0 6.62
CaO 0.07 0.14 0.17 0.25 0.04 0.13 0.34 0.16

98.87 98.42 100.03 96.14 99.64 99.08 98.05 99.08
FezO, 1.96 2.97 7.35 11.86 1.30 12.10 3.25 4.76
FeO 20.23 26.13 34.19 51.23 18.03 37.01 19.98 25.21

99.06 98.72 100.77 97.33 99.77 100.29 98.38 99.55

mg 47.6 28.9 15.1 3.8 54.0 13.5 47.1 31.9

Cations based on 24 cations and 32 oxygens
Si 0.0280 0.0555 0.0381 0.1323 0.0348 0.0225 0.0235 0.0267
Ti 0.2409 0.1789 1.2336 5.4276 0.1928 2.1603 0.3750 0.3413
AI 6.1745 5.9527 4.0473 0.8437 6.3670 2.3440 4.9863 4.5008
Cr 8.6427 8.7354 7.7112 1.2479 8.6766 6.4342 9.2054 9.4551
V 0.2691 0.2526 0.1917 0.1059 0.2574 0.2912 0.3726 0.3511
Fe'+ 0.3760 0.5904 1.5063 2.6827 0.2438 2.5648 0.6387 0.9570
Fe2+ 4.3019 5.7771 7.7907 12.8843 3.7526 8.7170 4.3616 5.6295
Mn 0.0452 0.0672 0.0508 0.0790 0.0506 0.0668 0.0509 0.0588
Ni 0.0064 0.0097
Mg 3.9027 2.3442 1.3806 0.5064 4.4138 1.3599 3.8910 2.6339
Ca 0.0191 0.0397 0.0496 0.0806 0.0107 0.0392 0.0951 0.0458

mg = 100 x Mg/(Mg + Fe2+).
*Total iron as FeO, n.a.; not analysed.
W.d. analyses as Institute of Mineralogy, Copenhagen.

1. Chromite enclosed in pigeonite which rims olivine in basaltic feeder dyke.
2. Core of large chromite surrounded by groundmass.
3. Rim of Ti-enriched chromite around anal. (2).
4. Small chromian titanomagnetite in groundmass.
5. Chromite enclosed in core of early orthopyroxene phenocryst in partially autometamorphosed basalt

lava.
6. Reequilibrated titanian chromite, partially enclosed in orthopyroxene rim around pseudomorphosed

olivine.
7. Chromite enclosed in plagioclase phenocryst in feldspar-phyric silicic basalt lava.
8. Chromite enclosed in plagioclase phenocryst.
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Table 9. Pyroxenes from the Kugtinguaq Member basalts

Analysis 1 2 3 4 5 6 7 8 9 10
GGUno. 138229 138229 138229 138229 135953 135972 135972 113380 113380 113380

Si02 53.5 53.5 49.8 44.8 56.0 52.8 54.8 53.4 50.9 54.2
Ti02 0.35 0.42 1.63 3.35 0.31 0.39 0.25 0.65 1.19 0.30
Al20 3 2.57 1.61 1.77 3.40 2.34 2.10 1.13 0.99 1.98 0.59
Cr20 3 0.79 0.52 <0.05 n.d. 0.98 0.76 0.54 0.24 0.52 0.14
FeO* 11.9 13.7 20.5 22.2 9.61 6.97 12.1 15.9 10.7 18.6
MnO 0.27 0.40 0.22 0.34 0.25 0.21 0.29 0.29 0.22 0.30
MgO 27.7 25.3 13.4 7.09 30.5 18.1 28.8 24.2 16.0 24.9
CaO 2.02 4.14 12.2 16.5 1.57 17.7 2.30 4.03 17.2 1.55
Na20 0.Q7 0.05 0.17 0.5' n.d. 0.18 0.05 0.04 n.d. 0.03

99.37 99.64 99.69 98.18 101.56 99.21 100.26 99.74 98.71 100.61

mg 80.6 76.7 53.8 36.3 85.0 82.2 80.9 73.1 72.7 70.5

Catians based an 6 axygens
Si 1.928 1.944 1.919 1.813 1.940 1.944 1.952 1.956 1.919 1.975
AlIV 0.072 0.056 0.080 0.162 0.060 0.056 0.047 0.043 0.081 0.025
AlV! 0.037 0.013 0.036 0.035 0.007
Ti 0.009 0.011 0.047 0.102 0.008 0.011 0.007 0.018 0.034 0.008
Cr 0.022 0.G15 0.027 0.022 0.G15 0.007 0.016 0.004
Fe 0.357 0.416 0.661 0.751 0.278 0.215 0.361 0.487 0.337 0.567
Mn 0.008 0.012 0.007 0.012 0.007 0.007 0.009 0.009 0.007 0.009
Mg 1.482 1.370 0.769 0.428 1.575 0.993 1.529 1.321 0.899 1.352
Ca 0.078 0.161 0.504 0.716 0.058 0.698 0.088 0.158 0.695 0.061
Na 0.005 0.004 0.013 0.039 0.013 0.003 0.003 0.002

3.998 4.002 4.000 4.023 3.989 3.994 4.011 4.002 3.995 4.003

*Total iron as FeO.
mg = 100 X Mg/(Mg + Fe2+).
a: analyticai value probably toa high.

Analyses 1 to 3: W.d. analyses, Institute of Mineralogy, Copenhagen.
Analyses 4 and 5: E.d. analyses, Institute of Mineralogy, Copenhagen.
Analyses 6 to 8 and 10: W.d. analyses, Grant Institute of Geology, Edinburgh.
Analysis 9: E.d. analysis, Research School of Earth Sciences, Canberra.

1. Early orthopyroxene in basaltic feeder dyke.
2. Early groundmass pigeonite in basaltic feeder dyke.
3. Subcalcic augite from the groundmass in basaltic feeder dyke.
4. Late groundmass calcic clinopyroxene intergrown with titanomagnetite. Associated with late

immiscible mafic blebs.
5. Orthopyroxene phenocryst with enclosed chromite from basalt lava.
6. Augite phenocryst core in feldspar-phyric silicic basalt.
7. Orthopyroxene phenocryst core in feldspar-phyric silicic basalt.
8. Pigeonite rim on olivine phenocryst in basaltic homfels tuff.
9. Late augite from vug in basaltic homfels tuff.

10. Euhedrallate orthopyroxene grown in vug in basaltic homfels tuff (Fig. 16c).
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In the rapidly cooled samples (e.g. 135924) the groundmass pyroxenes scatter
widely in composition (fig. 26d) and are Ca-poor augite, subcalcic augite and pige
onite, while in the coarsest sample (135945) they are separated by a wide com
positional gap (fig. 26d). In the partly autometamorphosed andesite (135962) the
groundmass pyroxenes straddle the solvus (fig. 26d), but their mg ratio appears to
be narrowly constrained around mg = 65 (Table 10, nos 7 and 8).

Calcic augite predominates over pigeonite, and orthopyroxene is absent in the
two Vaigat Formation uncontaminated olivine-poor tholeiitic basalts investigated
(fig. 26c). In one sample (113325) from the Naujanguite Member the pyroxenes
show a wide solvus gap and a narrow range in mg (75 to 65), controlled by re-equili
bration during cooling, which also affected the olivine phenocrysts (fig. 26c). In the
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Table 10. Pyroxenes from the Kuganguaq Member andesites

Analysis 1 2 3 4 5 6 7 8
GGUno. 135961 135924 135924 135924 135924 135962 135962 135962

SiO, 54.7 54.9 54.3 50.0 51.0 53.2 52.6 51.8
TiO, 0.18 0.17 0.42 1.49 0.66 0.40 0.58 0.88
Al,03 2.52 2.27 1.15 1.63 0.62 0.90 0.72 1.50
Cr,03 0.97 0.94 0.32 0.14 n.d. 0.16 0.05 0.20
FeO* 8.88 8.55 14.9 16.5 25.6 20.4 16.5 12.3
MnO 0.15 0.15 0.25 0.40 0.44 0.34 0.26 0.22
MgO 30.6 30.1 26.2 12.5 14.7 22.2 17.8 15.2
CaO 1.65 1.69 2.03 16.1 6.74 1.97 10.8 17.4
Na,O 0.03 0.07 n.d. 0.4 0.05 0.03 0.07 0.15

99.68 98.84 99.57 99.16 99.81 99.60 99.38 99.68

mg 86.0 86.2 75.8 57.4 50.6 66.0 65.8 68.8

Catians based an 6 axygens
Si 1.928 1.947 1.968 1.927 1.974 1.978 1.978 1.946
AlIV 0.072 0.053 0.032 0.073 0.026 0.022 0.022 0.054
AlVl 0.033 0.042 0.017 0.001 0.002 0.017 0.010 0.012
Ti 0.005 0.005 0.011 0.043 0.019 0.011 0.016 0.025
Cr 0.027 0.026 0.009 0.004 0.005 0.001 0.006
Fe 0.262 0.254 0.452 0.532 0.829 0.634 0.519 0.386
Mn 0.004 0.005 0.008 0.013 0.014 0.011 0.008 0.007
Mg 1.607 1.591 1.415 0.718 0.848 1.230 0.997 0.851
Ca 0.062 0.064 0.079 0.665 0.279 0.078 0.435 0.700
Na 0.002 0.005 0.030 0.004 0.002 0.005 0.011

4.002 3.992 3.991 4.006 3.995 3.988 3.991 3.998

*Total iron as FeO.
mg = 100 x Mg/(Mg + Fe2+).
Analyses 1 and 6 to 8: W.d. analyses, Institute of Mineralogy, Copenhagen.
Analysis 2: W.d. analysis, Grant Institute of Geology, Edinburgh.
Analyses 3 to 5: E.d. analyses, Institue of Mineralogy, Copenhagen.

1. Core of skeletal orthopyroxene microphenocryst in tuff.
2. Core of orthopyroxene phenocryst in lava.
3. Margin of orthopyroxene microphenocryst in lava.
4. Subca1cic augite in groundmass in lava.
5. Pigeonite in groundmass in lava.
6. Outermost margin of orthopyroxene microphenocryst in lava.
7. Subca1cic augite in groundmass in lava.
8. Augite in groundmass in lava.

other sample (113362) from the Qordlortorssuaq Member, microphenocrystic au
gite (mg = 80 to 75) occurs and the groundmass pyroxenes are strongly zoned (mg
= 78 to 50). Comparison of normative pyroxene compositions (fig. 28) from Ku
ganguaq Member rocks and from the uncontaminated olivine-poor tholeiitic ba
salts from the Vaigat Formation demonstrates that the pyroxene crystallization
(figs 26 to 27) is in accordance with the normative mineralogy.
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Minor elements in pyroxene

Cr decreases rapidly with decreasing mg (fig. 29) and is clearly higher in clino
than in orthopyroxene at similar mg leveIs. The highest CrZ0 3 values (about 1.1
wto %) occur in the core zones of orthopyroxene phenocrysts in the magnesian an
desites. Up to 760 ppm VZ0 3 has been found in a few orthopyroxene phenocrysts in
the andesites, but the variations have not been investigated further.
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Fig. 28. Cation-normative mineralogy of the folIowing rock types. II: Olivine-poor tholeiitic basalts
from the Vaigat Formation. III-V: Rocks from the Kuganguaq Member, III: Olivine microporphyritic
basalts, IV: Magnesian andesites, V: Feldspar-phyric silicic basalts.

Ti is generally low in both clino- and orthopyroxenes and tends to increase with
decreasing mg, exemplified in fig. 30 by the feldspar-phyric contaminated basalt
(135972). Ti is distinctly higher in clino- than in orthopyroxenes and reaches the
highest values (> 3.0% Ti02) in late stage ferroaugite associated with the immis
cible mafic blebs in the basaltic feeder dyke.

Tables 9 and 10 show that Al is predominantly found as AI'v in both ortho- and
clinopyroxene, whereas Alv, is below 0.04 cations per 6 oxygens. The early ortho
pyroxene phenocrysts typically (e.g. Table 10, no. 2) contain around 6 mol. % of
Tschermacks molecule (M2+(AI,Cr)V'AI'VSi) and only around 0.5% Ti-Tscher
macks molecule (CaTi4+(AIW) while the amount of jadeite-cosmochlore
(Na(AI,Cr)V'Si2) is very small. Al20 3 content has strongly declined in the late or
thopyroxenes, particularly in late orthopyroxene in vugs in the basaltic homfels
tuff (Table 9, no. 10). In the clinopyroxenes 3.5% Tschermacks molecule has been
found, together with only 1% Ti-Tschermacks molecule, in the early augite phe
nocryst phaselin the feldspar-phyric silicic basalts. With decreasing mg, Ti tends
to increase, (AI,Cr)V' decreases and almost all the Al seems to be present in the Ti
Tschermacks molecule which may constitute between 5 and 9% of the pyroxene.
This is seen as a strong clustering around the line Ti/Apotal = 0.5 (fig. 31).

With further decreasing mg Ti tends to exceed Al/2 as in the late ferroaugite in
the feeder-dyke (fig. 31a, Table 9, no. 3 and 4). This is unusual for pyroxenes from
terrestrial basalts and indicates that another type of Ti-substitution may be in
volved. Unfortunately, Na (and hence the stoichiometry and FeH /Fe2+ ratios), is
poorly determined by energy dispersive analysis in these late tiny pyroxene crys
tals, and the Ca-Na-Ti-Fe-Si substitutions involved have therefore not been un
equivocally determined.
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Plagioclase

The compositional variation of plagioclase in Kuganguaq Member rocks is sum
marized in fig. 32. Plagioclase is absent as a phenocryst phase in the quenched oli
vine microporphyritic basalts and present as very scarce microphenocrysts in less
rapidly cooled rocks. The microphenocrysts grade into the groundmass grains,
which all show normal zoning. Plagioclase compositions range from Ca76NaZ3Kj to
Ca4sNaS1K4 in the most coarsely crystalline rocks whereas the range is less in the
more rapidly cooled rocks. In a single sample (135956) more sodic plagioclase (Ca
36NaS4KlO) and sanidine (Ca7NaZ9K64) have been observed as late rims and plates.
Such highly evolved compositions may be present in several samples.

In the feldspar-phyric silicic basalt the abundant plagioclase phenocrysts show
oscillatory zoning. Compositions range from CaSONaj9Kj to Ca6s.sNa30K1.5 with total
oscilIations of about 5% Ca-units. A single investigated grain of a sieve-textured
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plagioclase xenocryst is calcic in the core (Ca81NaI8Kl) and more sodic at the mar
gin, while the groundmass plagioclase extends from Ca68 to CaS4 and shows normal
zoning.

In the magnesian andesites plagioclase is invariably present as microphenocrysts
which range in composition from Ca74.sNaZ4.oK1.5 to Ca66Na32Kz. The groundmass
plagioclase grades from this value down to CaS4 and probably further, but the latest
crystallized plagioclase is too fine-grained to allow quantitative analysis.

In all the investigated plagioclase crystals mg falls from core to the margins, also
where the major elements show oscillatory zoning (fig. 33). The range found is be
tween mg = 68 and 24 (only the wavelength dispersive microprobe analyses have
been considered) .

Fe-Ti oxides

Scarcity in Fe-Ti oxides is a characteristic feature of the Kuganguaq Member
rocks. The most widespread Fe-Ti oxide is ilmenite, which is present in all rocks ex
cept the unwelded tuffs. Titanomagnetite is present as a very minor constituent in
the basaltic lavas and in the feeder dyke, and appears to be an important part ofthe
late stage mafic immiscible blebs. Armalcolite has been carefully searched for but
not found. Some tiny needles in the rhyolitic glass in andesite sample 135962 are
characterized by a high Fe:Ti ratio and may belong to the ferro-ferri pseudobroo
kite series, but could not be unequivocally identified due to their minute size.

Small oxidized and fractured groundmass oxide grains in the feldspar-phyric sil
icic basalt (135972) form aggregates which probably contain pseudobrookite. One
analysis (Table 11, no. 5) has been calculated on such a basis (3 cations to 5 oxy
gens) and fits the ferripseudobrookite formula. Rutile has not been identified, but
may occur in oxidized aggregates in the same sample.

In contrast to ilmenite from the native iron bearing andesites and dacites, which
are very poor in FeZ0 3, and some of which contain excess TiOz (Pedersen, 1981),
the Kuganguaq Member ilmenites (Table 11) all contain Fe3+ which, when calcu
lated on the basis of 4 cations and 6 oxygens, amounts to between 1.5 wto % and 20
wto % FeZ0 3. Alz0 3is very low in the wavelength dispersive microprobe analyses,
whereas CrZ0 3varies from 0.1 to 1.6%. MgO varies considerably (mg = 1.5 to 20,
corresponding to between 0.5 and 5.4% MgO) whereas Mn is invariably low (0.3
1.0% MoO). The major variations are shown in fig. 34. The few ilmenite analyses
from basaltic lavas show minimum contents of MgO and FeZ0 3and clearly record
near-solidus crystallization. The ilmenite from the basaltic hornfels tuff is distinetly
MgO and Cr20 r enriched, while FeZ03 is comparatively low.

lImenite in the magnesian andesites occurs only in the groundmass and is clearly
enriched in mg, and in particular in FeZ0 3. This is seen in both wavelength disper
sive and energy dispersive microprobe analyses from three different laboratories
and must express the faet that t02was definitely not graphite controlled in the
groundmass stage (see Pedersen, 1981).
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Table 11. Fe-Ti oxides from the Kuganguaq Member rocks

Analysis 1 2 3 4 5 6 7 8
GGU no. 138229 113380 113380 135972 135972 135947 135962 135945

SiO, 0.70 0.03 0.30 2.17 2.91 n.a. 0.41 n.a.
TiO, 26.6 51.4 50.4 30.4 33.5 48.2 47.4 49.1
Al,O, 1.89 0.08 0.07 2.20 3.02 0.58 0.16 0.13
Cr,O, 0.10 1.64 1.21 0.29 0.08 <0.10 0.69 0.49
FeO' 65.6 40.5 42.8 56.3 48.1 45.7 44.7 45.1
MnO 0.60 0.34 0.53 3.92 0.68 0.54 0.42 0.98
MgO 0.46 5.16 2.97 0.49 0.05 2.80 3.24 2.34
CaO <0.05 0.11 0.09 0.36 0.87 0.42 0.15 <0.05

95.95 99.26 98.37 96.13 89.21 98.24 97.17 98.14
Fe,O, 11.95 4.36 3.40 50.79t 9.37 8.86 6.79
FeO 54.84 36.58 39.74 2.40 37.27 36.72 38.99

97.14 99.70 98.71 94.30 99.18 98.05 98.82

mg 1.5 20.1 11.8 3.5 11.8 13.6 9.7

Cations 24 c. 4 c. 4 c. 3 c. t 4 c. 4 c. 4 c.
320x. 60x. 60x. 50x. 60x. 60x. 60x.

Si 0.2125 0.0015 0.0150 0.1187 0.0206
Ti 6.0722 1.8847 1.8950 1.0278 1.8072 1.7931 1.8579
Al 0.6763 0.0046 0.0041 0.1452 0.0341 0.0095 0.0077
Cr 0.0240 0.0632 0.0478 0.0026 0.0274 0.0195
Fe'+ 2.7304 0.1600 0.1281 1.5591 0.3515 0.3356 0.2571
Fe2+ 13.9223 1.4914 1.6614 0.0820 1.5539 1.5449 1.6406
Mn 0.1543 0.0140 0.0224 0.0235 0.0228 0.0179 0.0418
Mg 0.2081 0.3749 0.2213 0.0030 0.2080 0.2429 0.1755
Ca 0.0057 0.0048 0.0380 0.0224 0.0081

(M2+Fej+04l
18.4 M2+Fei+04 + M~+Ti04

Fei+O, 5.1 3.7 10.2 9.8 7.3
Fel+o, + Fe'+TiO,

n.a. not analysed.
'Total iron as FeO.
t This calculation only demonstrates that analysis 5 can be calculated on a pseudobrookite basis.

Analyses 2 and 8: W.d. analyses, Institute of Edinburgh.
Analysis 5: W.d. analysis, Institute of Mineralogy, Copenhagen.
Analyses 1, 3, 4, 6 and 7: E.d. analyses at Research School of Earth Sciences, Canberra (nos. 3, 4
and 6) and Institute of Mineralogy, Copenhagen (nos. 1 and 7).

I. Late tiny titanomagnetite from the groundmass in basaltic feeder dyke.
2. 11menite rim on titanochromite in basaltic homfels tuff.
3. Groundmass ilmenite projecting into vug in basaltic homfels tuff.
4. Small oxidized groundmass Fe-Ti oxide grain in feldspar-phyric silicic basalt.
5. Another grain as 4.
6. Groundmass ilmenite in magnesian andesite lava.
7. Groundmass ilmenite in magnesian andesite lava.
8. Groundmass ilmenite in magnesian andesite lava.
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Fig. 34. MgTi-Fe2+Ti-Fe3+ cation ratio diagram for ilmenites in some Kuganguaq Member samples.

Onlya single analysis of groundmass titanomagnetite is given in Table 11, no. 1.
It represents the late groundmass stage in the basaltic feeder dyke and is probably
not very different from the small skeletal oxide crystals found within the immiscible
mafic blebs which are too small for analysis. The oxide closely approaches the sys
tem FezTiOc FeFez0 4 (mg is only 1.5) and is characterized by a very high ul
vospinel component. It differs, however, from the ulvospine1 described from the
iron-bearing locality of Uivfaq, south Disko, which appears to be devoid of ferric
iron (Bird et al., 1981; Medenbach & EIGoresy, 1982). No titanomagnetite ana
lyses have been obtained from the magnesian andesites.

Zeolites

Zeolites occur in the vesiculated parts of some lavas, and in particular in the ma
trix of non-welded tuffs. The Kuganguaq Member rocks are generally much poorer
in zeolites than the enclosing picrite lavas. Zeolites from two tuffs (113374 and
135961) and one lava (135972) (Table 12) are characterized by Si/Al ratios above
1.8, and plot close to the line Si+AI = 36 (cations based on 72 O). They also show
approximately 2Ca+K+Na = Al (fig. 35) and thereby fulfil the stoichiometric re
quirements for most zeolites.

In the olivine microporphyritic basalt tuff sample 113374 the zeolite composi
tions cluster around the ratio CajNajKj (fig. 35a), although some are distinctly less
potassic. Among the analyse{} phases optical examination by O. Jørgensen identi
fied phillipsite (Table 12, no. 4) as radiating aggregates growing around the margins
of, and sometimes filling, vesicles, and potassic heulandite as fairly coarse grains
which entirely fill vesicles.

In the andesite tuff (sample 135961) the zeolites are found as fairly coarse blades
filling vesicles, and show cation ratios of about CazNaoKj (Table 12, no. 5).

In the feldspar-phyric silicic basalt lava (sample 135972) colourless, optically iso
tropic, very fine-grained, zeolite-like aggregates occur as the intermediate zone in
vesicles between smectite along the margins and quartz in the core. The aggregates

5 Bulletin nr. j52
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Table 12. Zeolites from the Vaigat Formation

Analysis 1 2 3 4 5 6
GGU No. 113325 138228 113374 113374 135961 135972

Si02 46.7 50.5 53.1 51.7 60.0 83.0
Al20 3 26.8 21.9 20.7 23.5 18.1 4.84
FeO· 0.11
MgO 0.23 0.21 0.15 0.49
CaO 12.3 10.0 7.91 6.45 7.68 2.08
Na20 2.01 0.82 2.10 2.22 0.14 0.44
K,O 0.44 0.71 0.88 5.84 3.47 0.27

88.48 83.93 84.69 89.92 89.65 91.12

Cations based on 72 oxygens
Si 21.479 23.970 24.846 23.551 26.519 33.551
Al 14.532 12.255 11.419 12.620 9.431 2.307
Fe2+ 0.041
Mg 0.158 0.143 0.099 0.295
Ca 6.062 5.086 3.966 3.148 3.637 0.901
Na 1.792 0.755 1.905 1.961 0.120 0.345
K 0.258 0.430 0.525 3.394 1.957 0.139

44.281 42.496 42.661 44.817 41.804 37.538

Al + Si 36.011 36.225 36.265 36.171 35.950 35.858

• total iron as FeO.

Analyses 1 to 4 and 6: E.d. analyses, Research School of Earth Sciences, Canberra.
Analysis 5: E.d. analysis, Institute of Mineralogy, Copenhagen.

1. Calcium-rich zeolite, which fills vesicles in olivine and plagioclase porphyritic basalt.
2. Calcium-rich zeolite from vesicle in picritic pillow margin in hyaloclastite breccia overlying Kil-

ganguaq Member.
3. Core of bladed zeolite filling vesicle in olivine microporphyritic basalt tuft.
4. Prismatic radiating zeolite (phillipsite) surrounding (3).
5. Calcic-potassic zeolite filling vesicle in magnesian andesite tuff.
6. Fine granulate radiating 'zeolite' mass found intermediate between smectite at margin and silica at

the core of a vesicle in feldspar-phyric silicic basalt.

are very high in silica (Table 12, no. 6) and although they fulfil the stoichiometric
requirements for zeolites, they may be poorly crystallized masses or consist of sev
eral minerals.

Sheet silicates

Only one occurrence of high-temperature sheet silicate has been found in the in
vestigated rocks. It consists of weakly pleochroic, nearly colourless, flakes of mica
in the vugs of the basaltic homfds tuff, occurring together with tridymite, orthopy
roxene, plagioclase and ilmenite. The mica closely approaches phlogopite in com
position (mg = 88.5) (Table 13, no. 1). It differs, however, from the ideal formula
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Fig. 35. Composition of zeolites in the Kiiganguaq Member rocks. a: (Ca + Mg)-Na-K cation ratio
diagram. b: Si v. Al. The compositions faU on the line Si + Al = 36 (cations based on 72 oxygens)
and thereby demonstrate their zeolite stoichiometry.

based on 22 oxygens by a lower eontent of Ca+Na+K (1.60-1.80 eompared to the
ideal 2.00) and by lower AFv (1.69 - 1.72 compared to the ideal Allv = 2.00).

All other analysed sheet silicates are yellowish, olive-green, green and brownish
minerals whieh form rosettes of flakes and very fine-grained to eryptoerystalline ag
gregates. These phases have only been investigated by energy dispersive probe
analyses, which allow eomparatively non-destructive determination. All the phases
in question have compositions similar to smectites; neither chlorites, nor potassie
phases like eeladonite, have been identified.

The smectites are roughly of two types.
(a) an alumina-poor type (Table 13, nos 3,6 and 7) which compositionally falls in

the range of saponites, such as recently described in detail from deep sea pillows
(e.g. B6hlke et al., 1980). This first type replaees olivine, but also oecurs as vesicle
filling material. When ealculated on the basis of 22 oxygens, the analyses mostly
showaminor eontent of Alvl if total iron is assumed to be Fe2+, whereas total iron
calculated as Fe3+ requires that tetrahedral positions be filled by other cations. The
present data do not allow any reliable estimation of the Fe3+/Fe2+ ratio, but most
published smectite analyses show this ratio to be high (e.g. Weaver & Pollard,
1973). The mg ratios for this type vary between 81 and 57.

(b) The other smectite-type is distinetly richer in alumina (Table 13, nos 4 and 5)
and has been identified as interstitial masses derived from the deeomposition of re
siduum, and as vesicle fillings in the feldspar-phyric silicic basalt and in magnesian
andesite. This type contains Alvl and is characterized by mg varying from 55 to 45.
K20 does not exceed 1 wto % in any of the smectites.

In summary, the Kuganguaq Member eontains an assemblage of relatively silica
rich zeolites and smeetite whieh ean be assigned to zeolite facies metamorphism,
whereas minerals typical of the lower greenschist facies appear to be entirely ab-
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Table 13. Sheet silicates from Kuganguaq Member rocks

Analysis 1 2 3 4 5 6 7
GGU No. 113380 113380 135956 135972 135961 138229 135962

SiOz 43.4 44.6 48.2 52.2 48.7 49.2 53.9
TiOz 2.21 2.70 0.28 0.21 0.47 0.09
Alz0 3 10.0 10.4 5.12 12.6 11.3 4.73 1.54
CrZ0 3 0.22 n.d. n.d. n.d. 0.18
FeO' 5.20 5.21 13.6 8.34 15.7 13.7 13.1
MnO 0.02 n.d. 0.14 n.d. 0.39 0.16
MgO 22.4 23.3 15.4 4.38 9.85 18.9 20.7
CaO 0.11 0.14 1.27 0.94 3.82 1.57 0.89
NazO 0.17 <0.2 <0.2 0.30 0.80 <0.2 0.22
KzO 8.27 9.07 0.55 0.59 0.22 0.30 0.34

92.00 95.42 84.56 79.56 91.25 88.83 90.69

mg 88.5 88.8 69.2 51.0 55.4 73.2 75.8

Cations based on 22 oxygens
Si 6.307 6.263 7.263 7.941 6.875 7.086 7.527
Al'v 1.693 1.722 0.737 0.059 1.125 0.803 0.254
AlvI 0.020 0.172 2.201 0.756
Ti 0.242 0.285 0.032 0.024 0.050 0.010
Cr 0.025 0.020
Fe3+ 1.542 0.955 1.668 1.485 1.377
Fez+ 0.632 0.612
Mn 0.002 0.018 0.047 0.020
Mg 4.852 4.876 3.458 0.993 2.072 4.057 4.308
Ca 0.017 0.021 0.205 0.153 0.578 0.242 0.133
Na 0.048 0.088 0.219 0.060
K 1.533 1.625 0.106 0.115 0.040 0.055 0.061

15.371 15.404 13.533 12.529 13.430 13.778 13.720

'Total iron as FeO, mg = 100 X Mg/(Mg + Fe,otal ;<00); all iron calculated as Fe 3+ in the smectites.

Analyses 1: W.d. analysis at Grant Institute of Geology, Edinburgh.
Analyses 2, 3 and 5 to 7: E.d. analyses, Institute of Mineralogy, Copenhagen.
Analysis 4: E.d. analysis, Research School of Earth Sciences, Canberra.

l. Late phlogopite from vug in basaltic homfels tuff.
2. As (1), from another vug.
3. Green smectite filling small vesicle in olivine miroporphyritic basalt lava.
4. Interstitial olive green smectite in feldspar-phyric silicic basalt lava.
5. Vesicle filled with light green smectite in magnesian andesite tuff.
6. Smectite pseudomorphing olivine phenocryst in basaltic feeder dyke.
7. Smectite pseudomorphing olivine phenocryst in magnesian andesite lava.
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sent. Comparison with the metamorphic zonation found in drill cores in the pres
ently active high-temperature geothermal fieids of Iceland, as reviewed by Pål
mason et al. (1979), indicates metamorphism in the lower part of the zeolite facies
at temperatures well below 120°e. The preservation of magnesian olivines in un
welded tuffs, and of basaltic glass, are additional indications of the low degree of
metamorphism and weathering.

Carbonates

No systematic investigation has been carried out on the carbonates, which occur
as late vug fillings, but large compositional variations are known to be present. In
the basaltic feeder dyke the vug centres are characterized by compositions around
Mg7(}-75Fe25-27Ca2Mn2 and in the basaltic tUffS from the central crater area the carbo
nate is calcite Ca96Mg3Feoo5Mn\.

Sulphides

Sulphides occur in very minor amounts as (a) immiscible blebs enclosed in sil
icate phenocrysts in the basaltic glassy tuff and probably in the early orthopyroxene
phenocrysts in the andesites and as (b) various groundmass grains of eu-Ni sulphi
des and pyrite formed through low temperature equilibration.

No trace of metallie iron has been found in the primary sulphide grains. The sul
phide blebs consist predominantly of pyrrhotite with traces of other sulphides. Ox
ides have not been observed within the blebs.



CHEMISTRY

This section describes the chemistry of rocks, glasses and late-stage 'melts' from
the Kuganguaq Member and compares these with analyses of rocks and some se
lected glasses which are regarded as potential parents for the Kuganguaq Member
rocks, viz. picrites and olivine-poor tholeiitic basalts from the Vaigat Formation on
Disko.

To save space in the description and discussions the folIowing rock types from the
Vaigat Formation will be cited with Roman numerals in the text and figures.

Type lA: Picrites from the Naujanguit Member.
Type IB: Picrites from the Ordlingassoq Member.
Type II: Olivine-poor tholeiitic basalts from the Naujanguit and the Qordlor-

torssuaq Members.
Type III: Olivine microporphyritic basalts from the Kuganguaq Member.
Type IV: Magnesian andesites from the Kuganguaq Member.
Type V: Feldspar-phyric silicic basalts from the Kuganguaq Member.

Chemical alteration

As described in the section on mineralogy, the Kuganguaq Member rocks have
been extensively affected by reaction with circulating water to form smectite and
zeolites instead of olivine and acid residuum. Most altered are the vesiculated top
zones of lava flows which have therefore been avoided in the sampling. On the
other hand, the presence of well-preserved glass shows that this reaction was far
from penetrative, and many samples appear to be only slightly altered.

The most notable effect of alteration is that the unwelded subaerial tuffs, such as
samples 135954 and 138348 (Table 20) have lost NazO, and the low totals indicate
that they have also taken up 2 to 5% HzO. Most likely, some samples may have
gained or lost other alkalies which may help to explain the somewhat irregular K
and Rb distributions within the individual rock types. However, since an irregular
K and Rb pattern is also observed within the very fresh sample population, it must
partly be a pristine igneous feature. No significant chemical changes appear to ac
company the formation of high temperature metamorphosed (welded) basaltic
tuffs.However, some of the lower Naujanguit Member picrites have experienced
extensive hydrothermal metamorphism and alteration, having taken up 5 to 10% of
HzO and COz, partly due to their proximity to the Kuganguaq hinge zone.

In the folIowing the Kuganguaq Member rocks are treated as unaltered igneous
rocks, but it should be noted that NazO loss has affected the norms of several of the
analysed glass samples.
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Table 14. Chemical analyses ofpicrites from the Vaigat Formation on Disko

Naujanguit Member Ordlingassoq Member
Analysis 1 2 3 4 5 6 7
GGUNo. 156717 113210 156706 264137 156737 136943 138228

SiO, 44.31 45.14 45.89 45.67 44.67 45.08 44.29
TiO, 0.76 0.92 1.20 1.15 1.30 1.17 1.23
AI,O, 10.06 10.70 12.51 10.56 10.38 11.23 10.72
Cr,O, 0.25 0.25 0.16 0.17 0.18 0.18
Fe,O, 1.73 3.50 4.23 2.66 3.37 3.63 4.67
FeO 8.64 7.34 7.04 8.98 8.08 7.62 7.27
MnO 0.21 0.19 0.22 0.17 0.22 0.17 0.18
MgO 21.15 20.48 15.20 20.05 18.81 18.48 16.78
CaD 8.60 8.70 10.08 8.67 9.85 9.59 10.40
Na,O 1.12 1.24 1.47 1.38 1.45 1.30 1.43
K,O 0.02 0.08 0.05 0.12 0.07 0.18 0.08
P,Os 0.06 0.07 0.09 0.12 0.11 0.09 0.11
H,O+ 1.44 1.18
H,O- 1.11
loi 3.36 1.92 1.94 0.84 1.47

100.27 100.53 100.08 100.37 99.95 100.16 99.63

FeO' 10.20 10.49 10.85 11.37 11.11 10.89 11.47
mg 80.7 79.8 73.9 78.1 77.4 77.4 74.7

Major elements: XRF analyses, GGU's chemicallaboratories, (Sørensen 1975) nos. 1 to 6. G. Hor-
nung, Leeds University, no, 7.
FeO' = total iron as FeO.
mg = 100 x Mg/(Mg + Fe'+), for Fe,OjFeO = 0.15.
loi: loss on ignition (total volatiles).

1. Picritic pillow. In gully just west of Naujanguit at altitude 420 m (70015'28"N, 53°50'00"W).
2. Picritic lava. 1 m above the base of 20 m thick flow. In the west side of the valley at Manitdlat kugssi

nerssuat at altitude 420 m (70013'13''N, 53°33'06"W).
3. Picritic lava. 15. cm above the base of 4 m thick picritic lava rich in vesicular veins. Gully in the west

side of Kuganguaq 2.5 km south of the entrance at altitude 565 m (70016'05''N, 54°00'24"W).
4. Picritic pillow margin. In the east side of Kuganguaq west of point 1310 m at altitude 795 m

(70004'28"N,53°31'12"W).
5. Picritic pillow. In steep wall 1 km north of Kitdlarpåt kugssua at altitude 900 m (70005'42''N,

53°06'13"W).
6. Picritic pillow. 1 km NW of point 860 below Ordlingassoq at altitude 820 m (70011'45''N,

53OZ4'12"W).
7. Pillow fragment in pillow breccia just overlying Kuganguaq Member at Kugssinikavsak at altitude

790 m (70013'59''N, 53°41'09"W).
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Table 15. Chemical analyses of olivine-poor tholeiitic basalts from the Vaigat
Formation

Lavas from Lavas from Qordlortorssuaq Member
Naujånguit Member

Analysis 1 2 3 4 5 6 7
GGU No. 113236 113325 113327 113328 113245 113330 113362

Si02 46.80 47.74 47.40 47.23 47.60 47.50 48.24
Ti02 1.54 1.56 1.48 1.47 1.98 2.29 2.28
Al2O, 14.20 14.05 14.50 14.48 14.40 13.90 13.87
Fe2O, 5.50 3.34 4.00 4.71 5.30 4.50 6.05
FeO 5.80 7.95 7.10 6.50 5.60 8.30 6.84
MnO 0.18 0.21 0.18 0.19 0.21 0.20 0.22
MgO 10.20 9.89 9.02 9.17 8.00 7.41 7.42
CaO 12.00 12.02 12.20 12.06 12.40 12.10 11.77
Na20 1.77 1.89 1.88 1.85 2.10 2.31 2.19
K20 0.09 0.11 0.14 0.07 0.27 0.21 0.10
P20 S 0.16 0.16 0.19 0.17 0.25 0.24 0.16
H

2
O+ 1.75 1.30 1.68 1.99 1.86 0.55 1.20

CO2 0.01
99.99 100.22 99.78 99.89 99.97 99.51 100.34

FeO' 10.75 10.96 10.70 10.74 10.37 12.35 12.29
mg 65.7 64.6 63.0 63.3 60.9 54.8 55.0

Trace elements, in ppm
Se 46 46 47 46 47 44 47
V 361 365 364 347 385 451 448
Cr 611 420 400 370 420 219 252
Co 57 52 51 54 47 50 49
Ni 237 174 147 163 140 92 90
Cu 175 178 167 162 144 220 208
Zn 80 84 84 83 84 97 94
Ga 16 17 16 18 21 18
Rb 0.5 1.5 2 0.5 2 1.5 1
Sr 158 175 135 165 235 243 210
Y 26 27 28 28 29 33 33
Zr 80 75 72 73 111 125 114
Nb 3 2 3 2 10 8 6
Ba 33 31 38 26 113 64 54
Ce 12 12 12 20
Nd 9 10 10 18

Major element chemistry: XRF analyses, GGU's chemicallaboratories, (Sørensen 1975) nos. 2,4, and
7. G. Hornung, Leeds University, nos. 1, 3, 5, and 6.
Trace elements: XRF analyses at Institute of Petrology, Copenhagen University.
FeO', total iron as FeO.
mg = 100 x Mg/(Mg + Fe2+), for Fe,ojFeO = 0.15 (see compilation by Brooks 1976).

1. Olivine porphyritic basalt from 60 m below the base of the Kugånguaq Member at the west side of
Manitdlat kugssinerssuat valley at altitude 590 m (70°12'41 "N, 53°33'21"W) at the site of section 7,
Fig.5.

2. Olivine and plagioclase porphyritic basalt from 60 m below the base of the Kugånguaq Member.
Sample from 2 m above the base of a 30 m thick lava. Steep gully between points 1440, 1869 and 1730
in the north-east side of the Kugånguaq valley at altitude 450 m (700 06'42"N, 53°43'15"W) at the site
of section 8, Fig. 5.
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Major elements and normative mineralogy

Analyses of some selected uncontaminated type lA and IB samples are presented
in Table 14, type II rocks are given in Table 15 and some uncontaminated basalt
glass analyses are presented in Table 16. The type I samples (picrites) are strongly
olivine normative and slightly hypersthene normative basalts (Table 21), which
chernically cluster along an olivine control line (fig. 37; Clarke, 1970; Clarke &
Pedersen, 1976) and which are poor in incompatible minor and trace elements.

The type lA rocks from the Naujanguit Member show a considerable range in
MgO from more than 25% to less than 15 wt. %; but a compositional dustering
around MgO = 22 to 23 wto % (fig. 36, Table 14, no. 1) strongly indicates that such
magmas are the dominant picrite type to enter high crustallevels in the early stages
of volcanism. The type II rocks from the Naujanguit and Qordlortorssuaq Mem
bers, which contain between 11 and 7% MgO, are hypersthene and olivine nor
mative, and their similarity to the glass from picritic pillow margins (see Tables 15
and 16) strongly indicates that they are derived from picrites by olivine frac
tionation.

The type IB rocks also cover a wide range of MgO values (fig. 36), but duster at
distinctly lower MgO (between 15 and 20 wto %) than lA- The most common IB
rocks are very similar to Clarke's (1970) estimated parental picrite magma from
Svartenhuk.

The type III rocks from the Kuganguaq Member (Tables 17 and 19) show only a
limited range in major elements with MgO ranging between 13 and 10 wto %. They
are strongly hypersthene-normative basalts (Table 21) which range from slightly
olivine- to distinctly quartz-normative compositions.

The type IV rocks from the Kuganguaq Member (Tables 18 and 19) are magne
sian andesites with MgO values between 9.5 and 7.8 wt. %, and are strongly hyper
sthene normative (Table 21) and dearly quartz normative.

The type V rocks from the Kuganguaq Member (Table 18) are distinctly quartz
normative (Table 21) and low in MgO (6 to 6.5 wto %), but in other respects show
features intermediate between type II and III rocks.

Table 15 conto

3. Phenocryst-poor basalt from the lowermost lava in the Qordlortorssuaq Member at attitude 522 m.
Same locality as no. 2, Fig. 5 section 8.

4. Phenocryst-poor basalt from the second lava in the Qordlortorssuaq Member at altitude 532 m. Same
locality as no. 2, Fig. 5, section 8.

5. Phenocryst-poor basalt from the only lava representing the Qordlortossuaq Member, at attitude 700
m. Same locality as 1.

6. Feldspar-phyric basalt from the uppermost lava in the Qordlortorssuaq Member, just below picritic
pillow breccia at altitude 547 m. Same locality as 2, 3, and 4. Fig. 5 section 8.

7. Feldspar-phyric basalt from the only lava from Qordlortorssuaq found on the central tuff shield of
the Kugånguaq Member at altitude 870 m. About 1 km north of Harald Mottke Dal (70013'43''N,
53°51'29"W), Fig. 5 section 2b.
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Fig. 36. FeO* (total iron as FeO) v. MgO diagram. Line with arrow connects bulk rock and glass from
the same sample. The fields marked with Roman numerals are as given in the text. I: Picrites (A from
Naujanguit Member and B from Ordlingassoq Member). II: Naujanguit and Qordlortorssuaq Member
olivine-poor tholeiitic basalts. III: Kiiganguaq Member olivine microporphyritic basalts. IV: Kii
ganguaq Member magnesian andesites. V: Kiiganguaq Member feldspar-phyric silicic basalts. Also
shown are fieids of Maligåt Formation andesites and dacites (VI) and rhyolites(VII), and average tholei
ites from Thingmuli (Th) and Cascade ca1calkaline rocks (Ca) (Carmichael, 1964) all from Pedersen
(1981, fig. 2c).

Cation normative mineralogy

Since there is no evidence of any high-pressure mineralogy in the Kuganguaq
Member rocks, their relations are presented in ol-epx-opx-plag-qz normative pro
jections. The cation norm projections discussed by Irvine (1970, 1979) to illustrate
major layered intrusions with abundant noritic rocks are particularly relevant to
the Kuganguaq Member rocks, which compositionally approach some norite
suites. Various recalculated phase relations from the literature are described in de
tail in the figure texts.

The cation normative olivine (fo + fa), clinopyroxene (di + hd), orthopyroxene
(en + fs), plagioclase (an + ab) and quartz (Qz) relations are shown for rocks and
glasses from type I to V rocks from the Vaigat Formation in fig. 37 a to d.

Inspection of the diagrams shows that the type I rocks project along a belt which
rather crudely defines an olivine control line, leading from well within the olivine
volume at low pressures towards an area occupied by type II rocks. The basaltic
glasses from picritic pillows project approximately at the end of cluster (I-II) and



Table 16. Basalt glass analyses from picritic pillow margins in the Vaigat
Formation

Analysis 1 2 3
GGD no. 136943 10(6) 264137 10(6) 156737 10(6)

in wto %
Si02 48.17 0.07 47.95 0.14 48.99 0.28
Ti02 1.59 0.04 1.59 0.04 1.90 0.04
AI2O, 15.01 0.12 14.67 0.08 14.14 0.14
FeO' 10.56 0.14 10.52 0.08 10.61 0.24
MnO 0.13 0.03 0.13 0.02 0.13 0.02
MgO 8.42 0.06 8.52 0.07 7.84 0.24
CaO 13.06 0.11 12.79 0.11 12.78 0.12
Na20 2.01 0.07 2.07 0.04 2.05 0.07
K20 0.17 0.01 0.17 0.02 0.19 0.02

P
2°'* 0.128 0.0035(5) 0.164 0.0031(6) 0.165(2)

99.25 98.57 98.80

mg 61.7 62.1 59.9

CIPW weight norm
or 1.0 1.0 1.1
ab 17.1 17.7 17.5
an 31.6 30.6 29.1
di 26.7 26.6 27.7
hy 8.7 8.8 15.7
ol 9.4 9.8 2.7
mt 2.0 2.0 2.0
il 3.0 3.1 3.7
ap 0.30 0.38 0.39

Cation normative ratios
an in Plag 63.5 61.9 61.0
100 x Mg/(Mg + Fe2+ Mn)
in silicates 67.0 67.4 66.2

in ppm
Cr2O, 410 400 350
NiO 170 200 150

W.d. analyses at Institute of Mineralogy, Copenhagen.
*Separate trace element analyses for P, Cr and Ni.
Fe,O/FeO = 0.15 in norm calculations.

Numbers in parentheses indicate number of analyses.
1. Bulk rock in Table 14 no. 6.
2. Bulk rock in Table 14 no. 4.
3. Bulk rock in Table 14 no. 5.

75



Table 17. Chemical analyses of olivine microporphyritic basalts from the Kuganguaq Member

Feeder dyke Lavas Welded tufts

Analysis l 2 3 4 5 6 7 8 9 10 11 12 13 14
GGU No. 138229 138214 138215 138216 138222 113238 113239 113240 113315 113317 113321 135975 113380 135974

wt%
SiO, 51.35 50.61 51.43 51.12 49.70 50.30 50.97 50.88 50.64 50.76 51.60 50.45 51.67 51.81
TiO, 1.16 1.10 1.21 1.02 1.08 1.09 1.09 1.20 1.17 0.89 1.16 1.19 1.15 1.14
AI,O, 14.12 14.19 14.38 14.48 13.87 14.90 15.16 14.40 14.31 14.41 14.18 14.51 14.16 14.04
Cr,O, 0.18 0.18 0.19 0.19 0.17 0.20 0.18 0.18 0.19 0.24 0.20 0.19 0.19 0.19
Fe,O, 0.71 3.00 1.80 1.58 2.88 1.60 2.11 1.39 2.48 1.75 1.19 1.71 2.04 1.00
FeO 8.53 6.34 7.49 7.50 6.72 7.50 7.00 7.45 7.20 7.34 8.38 7.82 7.50 8.44
MnO 0.16 0.16 0.21 0.18 0.17 0.18 0.25 0.26 0.18 0.20 0.18 0.19 0.19 0.18
MgO 10.28 10.38 9.65 11.14 11.01 11.70 10.56 11.21 11.70 12.50 10.80 10.79 11.65 11.55
CaO 8.56 8.29 8.62 8.35 8.46 9.00 8.79 8.75 8.23 8.39 8.70 8.98 8.44 8.54
Na,O 1.90 1.61 1.67 1.56 1.49 1.57 1.59 1.54 1.69 1.45 1.55 1.73 1.67 1.58
Kp 0.37 0.28 0.39 0.36 0.16 0.22 0.17 0.22 0.72 0.46 0.53 0.32 0.68 0.66
pps 0.13 0.13 0.13 0.13 0.11 0.15 0.17 0.19 0.14 0.10 0.14 0.13 0.13 0.12
H,O+ 1.83 1.15 2.22 1.52 2.48 1.39 1.50 1.37 1.38 1.00 1.20 1.19 1.06 0.96
H,O- 0.20 0.30 0.50 0.40 1.45
CO, 2.50
S 0.06 0.01 0.05 0.01 0.01 0.01
Less ° --{l.03 --{l.02
Excess loi 0.25

99.51 100.22 99.89 99.53 99.76 99.80 99.54 99.29 100.03 99.49 99.84 99.21 100.54 100.21

FeO' 9.17 9.04 9.11 8.92 9.31 8.94 8.90 8.70 9.43 8.92 9.45 9.36 9.34 9.34
mg 66.6 67.2 65.4 69.0 67.8 70.0 67.9 69.7 68.9 71.4 67.1 67.3 69.0 68.8



Table 17. conto

Feeder dyke Lavas Welded tufts

Analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14
GGU No. 138229 138214 138215 138216 138222 113238 113239 113240 113315 113317 113321 135975 113380 135974

Trace elements in ppm
Sc 35 35 35 36 35 37 36 35 34 33 38 38 37 36
V 255 241 257 237 243 239 234 253 250 236 262 265 260 255
Cr 1223 1266 1284 1324 1195 1360 1226 1235 1292 1630 1261 1313 1300 1306
Co 42 41 39 41 42 41 39 41 43 47 42 46 44 49
Ni 13 23 11 40 34 43 28 21 23 45 39 41 40 39
Cu 18 14 15 16 17 17 17 14 14 17 18 19 18 19
Zn 82 79 80 81 80 79 80 81 83 82 84 88 82 79
Ga 18 17 18 17 17 17 17 17 19 17 17 18 18 18
Rb 13 7 21 14 4 6 4 8 18 11 12 3 23 23
Sr 169 168 170 148 160 149 154 159 159 161 161 160 159 157
Y 22 22 23 20 22 23 23 23 23 19 23 24 23 22
Zr 115 111 117 103 104 109 114 100 116 85 111 111 109 106
Nb <2 5 5 <2 5 4 5 5 5 4 5 5 5 6
Ba 180 169 149 147 118 109 101 108 184 135 146 152 160 165
La 12 12 14 16 11 15 15 14 16 11 13 14 13 10
Ce 26 28 27 24
Nd 13 16 15 16

Major element chernistry: XRF-analyses by GGU's chemicallaboratories, Sørensen (1975) nos. 7-10 and 12-14. G. Hornung, Leeds University nos. 1--{). Classical chemical
analyses by M. Mouritzen, Geological Museum, Copenhagen Univ. no. 11.
FeO· = total iron as FeO.
mg = 100 x Mg/(Mg + FeH

). For Kuganguaq Member rocks FeO = FeO· in calculations.
S and trace elements: XRF analyses at Institute of Petrology, Copenhagen University.

1. 30 cm from the margin of 4 m thick feeder dyke about 300 m below the palaeosurface. Kugssinikavsak at altitude 465 m. (70°14'10" N, 53°41'55" W).
2. Near chili zone of 1 to 4 m thick feederdyke about 70 m below the palaeosurface. Kugssinikavsak at altitude 700 m. (70°13'59" N, 53°41'09" W).
3. Lava no. Lin Kuganguaq Member at the east side of Kugssinikavsak gully at altitude 710 m. (70°13'59" N, 53°41'09" W), Fig. 5, section 6.
4. Lava no. 2 in Kuganguaq Member at altitude 715 m, same locality as no. 3.
5. Lava no. 10 in Kuganguaq Member at altitude 770 m, same locality as no. 3.
6. Lava no. lin Kuganguaq Member at the west side of Manitdlat kugssinerssuat valley at 650 m. (70°12'41" N, 53°33'21" W), Fig. 5, section 7.
7. Lava no. 2 in Kuganguaq Member at altitude 660 m, same locality as no. 6.
8. Lava no. 4 in Kuganguaq Member at altitude 680 m, same locality as no. 6.
9. Lava no. 4. in Kuganguaq Member at the east side of Kuganguaq valley about 1.2 km north of Harald Moltke Dal at altitude 804 m. Below the central tuff shield. (70°13'53"

N, 53°52'11" W), Fig. 5, section 2a.
10. Lava no. 6 in Kuganguaq Member, just below the lower welded tuft unit, same locality as no. 9.
11. Welded glass tuff from the middle of the 3 m thick lower glassy welded tuft in the lower tuft unit. Same locality as no. 9.
12. Welded tuft from same level as no. 11, but recrystallized to basaltic hornfels tuff.
13. Welded tuft, recrystallized to basaltic hornfels. At the base of the upper welded tuft unit in the central tuft shield. Close to no. 9 (70°13'57" N, 53°52'00" W).
14. Welded tuff recrystallized to basaltic hornfels. Same unit and locality as no. 13. :j
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Table 18. Chemical analyses of magnesian andesites and feldspar-phyric silicic
basalts from the KCtgfmguaq Member

Feldspar-phyric
Magnesian andesite lavas silicic basalt lavas

Analysis 1 2 3 4 5 6 7
GGU No. 113363 135927 135945 135924 135947 135971 135972

SiO, 56.30 57.01 59.15 56.24 56.15 50.76 51.84
TiO, 0.95 0.99 0.94 1.00 1.00 1.55 1.48
Al,O, 13.20 13.15 13.47 13.30 13.28 15.42 15.25
Cr,O, 0.12 0.12 0.11 0.12 0.13 0.08 0.08
Fe,O, 2.12 2.32 1.93 3.50 1.40 2.88 2.10
FeO 5.82 5.60 5.55 4.68 6.92 6.58 7.52
MnO 0.13 0.19 0.11 0.25 0.15 0.19 0.21
MgO 9.28 8.33 7.72 8.95 9.04 6.35 6.11
CaO 6.37 6.47 5.78 6.95 6.99 10.65 10.38
Na,O 1.97 1.92 2.04 2.30 2.30 2.12 2.03
K,O 1.69 1.67 2.03 0.72 0.81 0.37 0.21
P,Os 0.19 0.17 0.19 0.17 0.17 0.19 0.19
H,O+ 0.95 0.93 0.92 1.33 1.26 1.43 1.31
H,O- 0.87 0.66
S 0.04 0.01
LessO --0.02
excess loi 0.63

99.09 99.52 99.95 99.51 99.60 99.44 99.37

FeO' 7.73 7.69 7.29 7.83 8.18 9.17 9.41
mg 68.1 65.9 65.4 67.1 66.3 55.2 53.6

Trace elements, in ppm
Se 26 28 25 27 28 41
V 188 190 169 191 194 287
Cr 850 831 749 852 858 556 518
Co 42 44 36 45 45 33 32
Ni 203 395 160 208 219 10 9
Cu 69 60 39 55 52 22 22
Zn 82 82 81 81 82 86 83
Ga 17 18 19 18 18 20 20
Rb 54 60 68 68 46 5 4
Sr 189 199 190 210 215 276 273
Y 21 21 21 21 21 28 26
Zr 129 135 149 133 134 137 132
Nb 9 9 10 8 9 14 13
Ba 383 404 463 371 390 186 167
La 29 28 33 28 32 29 23
Ce 47 48 50 42 43 47
Nd 25 24 26 24 22 26

Major element chemistry: XRF analyses, GGU's chemicallaboratories, (Sørensen 1975) nos. 2-5, G.
Hornung, Leeds University, nos. 1 and 6-7. S and trace elements: XRF analyses at Institute of Pe-
trology, Copenhagen University.
FeO', total iron as FeO.
mg = 100 x Mg/(Mg + Fe2+), FeO = FeO' in Kiigånguaq Member.
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Tabte 18 conto
1. Magnesian andesite, from lava covering the central tuft shield about 1 km N of Harald Moltke Dal at

altitude 860 m.
(70013'43''N, 53°51'59"W) Fig. 5, section 2b.

2. Magnesian andesite, from lava no. 12 in Kugånguaq Member at altitude 840 m in the north side,
about 3 km E of the entrance to Harald Moltke Dal.
(70013'07"N, 53°48'30"W) Fig. 5, section 5.

3. Magnesian andesite, from lava no. 11 in Kuganguaq Member at altitude 840 m in the north side of
Harald Moltke Dal, about 1.5 km to the east of the entrance to the valley. (70013'38''N,
53°50'OO"W) Fig. 5, section 4.

4. Magnesian andesite, from lava no. 11 in Kuganguaq Member, same locality as no. 2.
5. Magnesian andesite, from the uppermost lava in Kugånguaq Member (lava no. 12), same locality as

no. 3.
6. Feldspar-phyric silicic basalt lava. Lava no. 2 from the top of Kugånguaq Member at same loc. as no.

1 (Fig. 5, section 2a).
7. Feldspar-phyric silicic basalt lava. The uppermost flow in Kuganguaq Member at the same loc. as no.

1 and 6 (Fig. 5, section 2a).

Table 19. Chemical analyses of olivine microporphyritic basalts and magnesian
andesites. Supplementary data

Magnesian Basaltic
Olivine microporphyritic basalts andesite Pillow

Analysis 1 2 3 4 5 6 7
GGU No. 135955 135956 135957 135958 135959 135962 264110

SiOz 52.14 51.05 52.03 51.34 51.41 56.51 51.71
TiOz 1.10 1.03 1.14 1.14 1.09 0.94 1.27
Alz0 3 14.07 13.54 14.53 13.73 13.90 13.23 13.90
FeZ0 3 2.90 3.86 2.34 2.76 2.25 1.16 1.58
FeO 6.61 6.02 7.24 6.82 7.36 6.90 7.65
MnO 0.15 0.15 0.16 0.16 0.19 0.13 0.15
MgO 10.21 11.73 10.29 11.62 11.88 9.76 10.97
CaO 8.46 8.42 8.61 8.62 8.52 6.74 8.81
NazO 1.72 1.53 1.82 1.58 1.62 2.48 1.71
KzO 0.67 0.28 0.34 0.38 0.59 0.75 0.62
PzOs 0.13 0.11 0.13 0.14 0.13 0.18 0.14
HzO+ 1.24 1.36 1.02 0.95 0.77 1.33 }1.301

COz 0.15 0.10 0.10 0.10 0.10 0.10
excess loi 0.44

99.55 99.62 99.75 99.34 99.81 100.21 99.81

FeO* 9.22 9.49 9.34 9.30 9.38 7.94 9.07

mg 66.4 68.8 66.3 69.0 69.3 68.7 68.3

XRF analyses at GGU's chemicallaboratories (Sørensen, 1975).
FeO' Total iron as FeO.
mg = 100 X Mg/(Mg + Fez+), FeZ0 3 = Oin norm calculations of Kugånguaq Member rocks.
loi loss on ignition.
1 loss on ignition analysis.
1 to 5. Olivine microporphyritic basalt lavas from Kuganguaq Member north of the tuff shield, 4.6 km

south ofthe entrance to Kuganguaq on the east side (70014'47''N, 53°51'03"W), locality 3 (fig.
4a and 5). Accurate positions within the lavas in the sections are shown on fig. 5 section 3.

6. Magnesian andesite lava from Kuganguaq Member, same locality as 1 to 5.
7. Olivine microporphyritic basalt pillow with fresh glass from Ordlingassoq Member. Eastern part of

Kuganguaq (fig. 4a) at altitude 960 (70005'27''N, 53°34'41'W).
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are still within the olivine volume of the tetrahedron. The end of duster (II) and
the glasses are dose to a projected ol+cpx+plag+me1t cotectic (fig. 37a) for
MORB, as sketched by Irvine (1979, figs 9-12) and to experimental glasses of
MORB compositions coexisting with ol+cpx+plag, as given by Walker et al. (1979,
Table 1), which indicate that rocks of type II represent olivine fractionated picrites.
This could also indicate that the picrite glasses which only carry phenocrystic oli
vine + chromite + minor plagiodase would be dose to saturation with calcic dino
pyroxene.

The type III rocks occupy a volume which extends across the silica saturation
plane opx-epx-plag with a predominance of quartz-normative rocks, and with
plag+opx accounting for between 80 and 86% in the calculated norms (Table 21).
The type III rocks are distinctly separated from type I and II by their more sat
urated nature and by their low normative cpx (figs 28,37 a to c and Table 21). In ac
cordance with this, phenocrystic calcic dinopyroxene is completely absent in type
III rocks, which carry olivine and chromite as the early phases. The absence or
scarcity of phenocrystic orthopyroxene shows that the olivine phase volume ex
tends well into the quartz normative part of the tetrahedron for these rocks, indica
tive of low-pressure equilibration (e.g. Boyd et al., 1964). The glasses from type III
rocks (Table 20) extend further into the quartz normative volume away from oli
vine, in accordance with their mineralogy (figs 37 b and c2).

Fig. 37 a to d. Cation normative projections in the tetrahedron olivine--elinopyroxene-plagiodase
quartz (Ol-Cpx-PI-Qz). Signatures as in fig. 36 (except that subfields lA and IB are not shown sepa
rately). a: The plane Ol-Cpx-PI projected from Qz. Phase fieids recalculated from wto % diagrams of
the system An-Fo-Di by Andersen (1915) and Irvine (1975a). Stippled lines: phase boundaries con
structed from experimental MORB glasses from Walker et al. (1979). Note the olivine control line de
fined by fieids I and II. The projection shows that the fieids III to Vare widely separated from I + II
and from the picrite glasses, but otherwise the phase relations for Kuganguaq Member rocks cannot be
interpreted in this projection. b: The plane OI-Cpx-Qz projected from plagiodase. Dotted line: 1 atm.
experimental MORB glasses coexisting with ol + cpx + pi from Walker et al. (1979). Full lines: Phase
boundaries in Kilauean basalts (Irvine, 1979, fig. 9-7A). Note that the type III glasses are well separated
from the Magnesian andesites (IV). The type III glasses do not carry phenocrystic orthopyroxene, and
the primary phase boundary opx olivine for Kuganguaq Member rocks is probably located as indicated
by the dashed line in this projection. c: The plane Ol-PI-Qz projected from Cpx. c,: Unbroken lines:
Phase boundaries as given by Morse (1980, fig. 13.12). Stippled lines: Phase boundaries as recalculated
from the system Fo-An-Qz by Andersen (1915) and Irvine (1975). Field I to V as in a and b. c2: En
larged part of C" Dotted line: Phase boundaries constructed from 1 atm. experimental MORB glasses
coexisting with ol + cpx + pi (Walker et al., 1979). Dashed line: Possibie position of the primary phase
boundary ol + opx + melt in the Kuganguaq Member rocks. Note the wide separation of the type I + II
rocks and picrite glasses from the Kuganguaq Member rocks. The type V rocks project dose to the ol +
opx + cpx + pi + melt reaction point as estimated by Morse (1980, fig. 13.12). d: The plane Opx
Cpx-PI projected from Ol (Irvine, 1970). Dotted line as in (a) to (c). Unbroken line: phase boundaries
estimated for Kilauean basalts by Irvine (1979, fig. 9-7B).

6 Bulletin nr. 152
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Table 20. Glass analyses from contaminated basalts

Rock type Olivine microporphyritic basalt tuffs

Analysis 1 2 3
GGU no. 135954 ld6) 113321 ld6) 135975 ld6)

in wt.%
SiO, 52.54 0.19 52.76 0.40 51.83 0.97
TiO, 1.21 0.02 1.22 0.02 1.14 0.44
AlP, 15.18 0.08 15.24 0.12 16.03 1.13
FeO* 8.77 0.13 8.91 0.16 8.09 0.13
MnO 0.11 0.01 0.15 0.04 0.12 0.02
MgO 9.05 0.07 9.19 0.06 9.66 1.29
CaO 9.15 0.19 9.64 0.35 9.87 0.45
Na,O 1.31* 0.15 1.85 0.09 1.93 0.24
K,O 0.73 0.04 0.74 0.07 0.45 0.13
P,Os 0.1351 0.0034(5) 0.134' 0.0060(S) 0.13 0.07

98.19 99.83 99.25

mg 64.8 64.8 68.0

CIPW weight norm
Q 5.4 2.0 0.8
or 4.4 4.4 2.7
ab 11.3 15.7 16.5
an 34.0 31.1 34.0
di 9.2 12.9 11.8
hy 33.0 31.3 31.8
il 2.3 2.3 2.2
ap 0.32 0.31 0.30

Cations n6rmative ratios
an in Plag. 74.0 65.2 66.1
100 x Mg/(Mg+ Fe2+ + Mn)
in silicates 67.4 67.3 70.6

in ppm
Cr,O,t 1240 1220 1170
NiO' < 20 30 < 20

W.d. analyses at Institute of Mineralogy, Copenhagen.
ISeparate trace element analyses for P, Cr and Ni.
'Glass has suffered sodium loss due to leaching.
mg = 100 x Mg/(Mg + Fe2+).
FeO*: Total iran as FeO. Fe,O, = Oin norm calculations.
Numbers in parentheses indicate number of analyses.
1 to 4: Kuganguaq Member. 5--6 other related glasses.
1. Olivine microporphyritic basalt glass in air fall tuff, distal part of lower tuff unit in central tuff

shield.
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Tabte 20. conto

Basalt tuff

4
138348

5
264110

Pillow glass rim Basalt glass with
iron in tuff

6

5646,Tuff

51.74
1.24

14.97
8.63
0.11
7.31
9.52
1.301

0.62
0.144t

95.58

60.2

7.7
3.8

11.5
34.7
11.3
28.2
2.5
0.35

74.0

63.1

970
20

0.35 53.70 0.15 53.16 0.21
0.02 1.37 0.05 1.12 0.06
0.15 15.46 0.09 14.76 0.21
0.18 8.34 0.11 11.73 0.33
0.02 0.11 0.03 0.10 0.02
0.05 7.11 0.08 6.36 0.36
0.15 9.78 0.12 8.78 0.26
0.12 1.93 0.02 1.97 0.11
0.03 0.77 0.05 0.69 0.03
0.0079(4) 0.142 0.0024(5) 0.116 0.008

98.71 98.79

60.3 49.1

5.9 5.0
4.6 4.1

16.5 16.9
31.6 29.8
13.6 11.3
24.7 30.5
2.6 2.2
0.33 0.27

64.3 62.4

63.7 51.1

550 1510
20 970

2. Olivine microporphyritic basalt glass, glassy welded lower tuff in central tuff shield. Bulk rock Ta-
ble 17 no. 11.

3. Same unit as (2) where the glass has recrystallized to hornfels tuff. Bulk rock in Table 17 no. 12.
4. Basaltic air fall tuff carrying chromite. Qordlortorssuaq.
5. Olivine microporphyritic basalt glass from margin. Bulk rock in Table 19 no. 7.
6. Basalt glass with chromite and native iron from Tuff 1, from Agatkløft, Nugssuaq, Pedersen

(1978a, p. 121) new analysis.

6*
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Table 21. Normative mineralogy of selected rocks from the Vaigat Formation

Olivine poor tholeiitic basalts
Picrites Naujånguit M. QordlortorssuaqM.

Analysis 1 2 3 4 5 6 7
GGUno. 156717 136943 138228 113236 113325 113327 113362

Olivine micropor
phyritie basalts

Kugånguaq M.
8910

138229 113317 113321

Magnesian
andesites

Kugånguaq M.
11 12

135924 135927
13

135945

Feldspar
phyrie
silicic
basalt
14

135972

Q 1.4 1.7 8.8 9.9 12.1 5.6
or 0.1 1.1 0.5 0.5 0.6 0.8 0.6 2.3 2.8 3.2 4.3 10.1 12.2 1.3
ab 9.8 11.2 12.5 15.3 16.2 16.3 18.8 16.6 12.5 13.3 19.9 16.6 17.5 17.6
an 23.1 24.7 23.3 31.2 29.9 31.4 28.1 29.7 32.1 30.7 24.4 22.9 21.9 32.9
di 16.4 18.4 23.5 23.2 24.0 23.8 24.7 10.6 7.9 10.0 8.0 7.2 4.8 15.6
hy 9.2 6.6 2.5 11.7 13.1 13.0 17.3 36.8 41.1 38.6 32.3 30.9 29.3 23.5
ol 37.5 33.3 32.8 12.6 10.7 9.3 3.4 1.8
mt 2.0 2.1 2.3 2.1 2.1 2.1 2.4
il 1.6 2.3 2.4 3.0 3.0 2.9 4.4 2.3 1.7 2.2 1.9 1.9 1.8 2.9

ap 0.1 0.2 0.3 0.4 0.4 0.4 0.4 0.3 0.2 0.3 0.4 0.4 0.4 0.5

CIPW weight norms on HzO, COz and S-free basis, reealeulated to 100%.
erZO) is not included in the norms.
In analyses I to 7, FeZ03IFeO = 0.15 (see eompilation by Braoks 1976).
In analyses 8 to 14, FeZ03 = Oin calculations.
Chemicai analyses from the folIowing tables:
1 to 3. Table 14.
4 to 7. Table 15.
8 to 10. Table 17.
11 to 14. Table 18.

The type IV rocks plot well away from these glasses and from their parents (III),
being distinctly enriched in normative quartz (8 to 12%). They are unusually rich in
normative orthopyroxene for andesites (29 to 34%, Table 21), and have a high hyl
(hy+di) ratio (0.80 to 0.86). They carry scarce phenocrystic olivine (always re
sorbed and rimmed by pyroxene), traces of chromite, abundant phenocrystic or
thopyroxene and scarce microphenocrystic plagioclase. The olivine-orthopyroxene
phase boundary must lie near the type IV composition (fig. 37 b and c).

Finally, the type V rocks occupy a field of their own. They show similarities to
evolved type II rocks, but are distinctly quartz normative and with a hy/(hy+di) ra
tio (0.60) between the type II (c. 0.25) and type III (c. 0.80) rocks. These basalts
carry phenocrysts of olivine (pseudomorphosed), calcic clinopyroxene, orthopy
roxene and plagioclase (+ traces of chromite), and could hence define a pseudoin
variant reaction point in the tetrahedron (fig. 37 b, c and d) where olivine finally re
acts out (e.g. Chinner & Schairer, 1962).

Other major and minor element relations

FeO* (total iron calculated as FeO) v. MgO variations are shown in fig. 36. The
type lA+ IB+ II rocks clearly demonstrate the olivine control line as a band parallel
to the MgO-axis, with separate compositional clusters for type lA and IB' The type
III rocks are distinctly depleted in iron relative to uncontaminated type I and II
rocks with the same MgO level. Types III and IV have very similar iron-magnesium
ratios, a feature also seen in the pyroxene mineralogy, whereas the type IIlglasses
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Fig. 38. a: (Na,O + K,O) v. 5

SiO, diagram. Signatures as Na 2O+K2O
wt% a
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are iron-enriched relative to the host rocks. The evolved nature of the type V rocks
compared with types I to IV is apparent from this plot.

Alkalies. The NazO+ KzO v. SiOzplot (fig. 38a) shows that all the rocks plot well
below the Hawaiian division line of MacDonald & Katsura (1964) and that the Ku
ganguaq Member rocks are strongly subalkaline. Further, the KzO v. SiOzdiagram
(fig. 38b) demonstrates that Kuganguaq Member rocks are clearly enriched in KzO
compared to types I and II and that this enrichment is irregular. Within type III
rocks, KzO contents vary by more than a factor 3, while type IV rocks show differ
ent KzO contents for rocks with otherwise almost identical major element chemis
try.

Titanium and phosphorus. TiOz v. SiOz and TiOz v. MgO diagrams (fig. 39a, b)
show that TiOz is definitely lower in Kuganguaq Member samples than in type I to
II samples at similar MgO leveis, and that type III, IV and V samples fall in sepa
rate clusters. Within type III samples TiOz is increasing with decreasing MgO. In
type IV samples TiOz is about constant or slightly decreasing with increasing SiOz
and decreasing MgO, despite the absence of observed TiOz-rich phenocryst phases.
This substantiates the important conclusion that type IV rocks cannot be derived
from type III magma exclusively through olivine and/or orthopyroxene fraction
ation.

A TiOz v. PzO j diagram for rocks and glasses, for which high quality PzO j ana
lyses are available, is shown in fig. 40. The correlation between TiOzand PzO j pro-
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Fig. 39. TiO, v. SiO, (a) and
MgO (b) diagrams. Note the
wide separation of the Ku
ganguaq Member rocks from
type lA, IB and II and picrite
glasses. The considerable
TiO, scatter at constant SiO,
and MgO levels must be a
magmatic feature.
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vides a further test as to which rock samples are related through simple crystal frac
tionation since both elements are moderately imcompatible in these magmas as
long as no unobserved phases have participated in the process (TiOz enters pyrox
enes and chromites while PzOs enters olivine).

Type lA, and most of the IB rocks plot together in a narrow belt. The type IB rocks
are enriched in both TiOz and PzOs compared to type lA rocks at the same MgO
level. Some type IB samples, and two of the analysed picrite glasses, plot along a
separate trend towards relative PzOs-enrichment. Unpublished analyses of alkaline
rocks from the Manitdlat Member suggest that the type IB rocks have probably
been slightly mixed with alkaline melts.
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Fig. 40. TiOz v. PzOs diagrams. Type lA rocks show a dose correlation and approximate the lines given
by y = 0.219 + 9.794 x (r = 0.90). Type III rocks and their glasses define a field (rZ = 0.89), approx
imately parallel to type lA but at slight1y higher PzOs, whereas type IV rocks are distinct1y enriched in
PzOs and show negative correlation with TiOz.

The picrite glasses also define a narrow belt parallel to the picrites, but at slightly
higher TiOz-values in accordance with the higher PzO/fiOz ratio in olivines com
pared to bulk rocks and melts.

Trace elements

Transition metals

As aIready demonstrated through trace and minor element analyses of minerals
and glasses, some transition elements display highly anomalous behaviour in Ku
ganguaq Member rocks, and the same is true for the rock analyses discussed in de
tail below.

Se and V show essentiaIly the same type of variation in plots v. SiOzand v. MgO
(fig. 41a to d). The geochemistry of Se within the type I rocks is poorly known, but
the concentrations definitely increase from type I to type II rocks. The type III
rocks have similar, or slightly higher Se levels than type I, whereas the type IV
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Fig. 41. a to d. Se and V v. SiO, and MgO diagrams. Note the increasing V with decreasing MgO which shows that the combined olivine plus chromite frac-
tionation in type lA to II rocks did not prevent concentration of V.
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Fig. 42. a: Cr v. SiO, and b: Cr v. MgO diagrams. Note that Cr in the type I and II rocks and their
glasses rapidly decrease with increasing SiO, and decreasing MgO. The Kuganguaq Member rocks con
tain much higher Cr at the same MgO compared to types I and II. The very high Cr at high SiO, in the
Kuganguaq Member distinguishes these rocks from most other silicic basalts and andesites.
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Fig. 43. CrZ0 3 v. 100 X Mg/(Mg + Feto"') diagram for basaltic glasses. IB: picrite glass, MF: glass in sam
ple 176765 from the Maligåt Formation, FeTi: glass chili in late FeTi basalt dyke 176554. Note that the
glasses representing the regional picritic to basaltic voicanism plot in a narrow band characterized by
low Cr. The pillow glass from the Ordlingassoq Member (x) with type III bulk chemistry is higher in Cr
than the picrites but very distinctly lower than the other type III glasses. This is interpreted as reflecting
a higher foz in glass no. GGU 264110 at the time of quenching.

rocks have less Sc. The single determination from a type V rock is intermediate be
tween type n and In. Sc is particularly concentrated in pyroxenes (see review by
Irvine, 1978) and could provide a test for their fractionation; such a fractionation
is, however, more tightly constrained by the variation of Ti and Cr.

V gradually increases from type I to type n rocks. It is moderately enriched in
chromite in type I samples, but not to such an extent that chromite precipitation
could counteract the effect of olivine fractionation. Compared to type I and n
rocks the Kuganguaq Member samples are all distinctly poorer in V at the same
MgO leveis. Type IV samples show a slight decrease in V with increasing SiOz, as
was the case for TiOz. V has been found to be strongly concentrated in Kuganguaq
Member chromites and much less so in the orthopyroxenes, but no fractionation ef
fects are apparent.

Cr variations have been investigated in considerable detail (fig. 42a and b).
The type lA and IB samples show prominent olivine control lines with over

lapping trends in the CrZ0 3v. SiOzand MgO diagrams and with compositional clus
ters for lA at MgO = 23%, CrZ0 3 = 0.26% and for IB at MgO = 19 to 16% and
erZ03 = 0.22 to 0.16%.
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Fig. 44. a and enlargement a,: Ni v. SiOz diagram. Type I and II rocks define the olivine control line with picrite glasses plotting dose to type II. The ex
tremely low but variable Ni in type III is attributed to sulphide fractionation. The high Ni in the magnesian andesites (IV) is extremely unusual for such sil
icic rocks and indicates that type IV is not a direct daughter of type III rocks. b and enlargement b,: Ni v. MgO diagram. Note how markedly type III rocks
deviate from the olivine control line. The type V basalts, on the other hand, plot at the lower extension of the line.
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Type II samples and the glasses from picrites overlap at the lower end of the oli
vine control line with typical concentrations around MgO = 8% and CrZ0 3 =
0.035%. The Kuganguaq Member rocks show distinetly higher Cr values at com
parable MgO levels than the uncontaminated type I and II rocks. Of particular pe
trogenetic interest is the high CrZ0 3 (0.18 to 0.24%) in the type III samples. Since
neither chromite nor olivine fractionation ean lead to notable increase of Cr in the
magma, and since no high-Cr source is likely among the contaminants, it ean be es
timated directly from fig. 42b that the main part of type III basalts was derived
from a picrite magma with at least 18% MgO. Type III sample 113317 (with CrZ0 3

= 0.24%) must have been derived from a picrite with between 21 and 23% MgO,
which corresponds to the most common type lA magma. The same line of evidence
implies a minimum of 13 to 15% MgO for the parental magma of the type IV rocks.
A parental magma with at least 11 to 13% MgO ean be deduced for the evolved
type V rocks with about 6% MgO. The very high Cr contents found in some of the
type III glasses as compared to picrite glass (fig. 43) are noteworthy, the CrZ0 3 v.
SiOz diagram (fig. 42a) illustrating unusually high Cr levels for such silicic basalts
and andesites.

Ni shows a rapid decrease with falling MgO (fig. 44b) and with increasing SiOz
(fig. 44a) along the olivine control line in type I and II rocks, and the picrite glasses
plot together with type II samples at the low-MgO end of the line. The Kuganguaq
Member rocks display most unusual features. The main type III rocks are ex
tremely low in Ni for basalts when compared to type I and II samples at similar
MgO leveIs. The same feature has been described from the iron-bearing basaltic
glasses at Luciefjeld, south Disko (Pedersen, 1979b) where it was ascribed to the
effects of metal and sulphide fractionation. The type V samples are even lower in
Ni, and much lower than the picrite glasses. On the other hand, the type IV sam
ples are much higher in Ni than type III samples and show considerable variation
within the group. They overlap with the most magnesian type II samples, and one
of the type IV samples (135927) has a high Ni (395 ppm) as picrites with about 13
wto % MgO. This contrasting behaviour between type III and IV samples was also
displayed by the Ni variations in olivine from these rocks (fig. 20b and c).

The type II basalts are characterized by 150 to 220 ppm Cu, and unpublished
emission spectrographic analyses by H. Bollingberg indicate type I sample values
of around 70 to 150 ppm. Cu, like Ni, is very much lower (14 to 25 ppm) in the Ku
ganguaq Member types III and V samples, whereas Cu is definitely higher (39 to 69
ppm) in type IV samples (fig. 45a and b).

The similar type of variation shown by Ni and Cu implies that the basaltic rocks
from the Kuganguaq Member, represented by the type III and V samples, were af
fected by sulphide fractionation. On the other hand, the more silicic rocks (type
IV) show much less marked depletion in these elements (fig. 45a, b), presumably
because sulphide fractionation became ineffective in the more viscous andesite
magma (Pedersen, 1975).
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Fig. 45. a and b: Cu v. Si02 and MgO diagrams. Cu is high in type II basalts, but extremely low in type
III and V rocks, presumably because of sulphide fractionation. In the andesites (IV) Cu is distinctly
higher, probably because higher viscosity prevented effective sulphide fractionation.

Co shows the same type of variation as Ni and Cu, but the relative variation is
smaller.

Zn only varies from 79 to 86 ppm in the analysed Kuganguaq Member samples
and thus appears to have been insensitive to both redox variations and to extraction
by a hypothetical sulphide melt. This constant value around 80 ppm is not mark
edly different from the values found in the uncontaminated type I (62 to 101 ppm)
and type II samples (80-97 ppm).

Other siderophile elements (Ga, Ge)

Ga shows only minor variation within Kuganguaq Member rocks from 17 to 19
ppm in type III and IV samples, and c. 20 ppm in type V samples. No data are
available from the type I picrites, but the type II basalts vary from 16 ppm for the
magnesian ones to 21 for the most iron-rich ones. Hence, if iron metal fractionation
affected the Kuganguaq Member rocks, it did not produce a Ga anomaly.

A few long-time XRF countings by J. C. Bailey indicate Ge concentrations be
tween 1.5 and 2 ppm, without indication of a Ge anomaly at the 1 ppm scale.

Rare earth elements

REE patterns of four uncontaminated basaltic samples from Disko (one type IB
rock, one type II rock, an evolved Maligåt Formation basalt and a late Fe-Ti basalt
dyke) are shown together with one type III and one type IV sample in fig. 46a (see
also Table 22).

The four uncontaminated samples, together with REE data of Baffin Island and
Svartenhuk picrites and feldspar-phyric basalts presented and discussed by
O'Nions & Clarke (1972) allow the REE patterns of the Kuganguaq Member rocks
to be evaluated.
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on La, Ce and Nd (XRF analyses). b: Kuganguaq Member rocks all show LREE enrichment and imply that the fully analysed type III (GGU 113321) and
IV (GGU 135927) samples are representative for these two rock types. c: Analyses of Cretaceous to Tertiary sandstones, shales and their equivalent bu
chites all show LREE-enrichment patterns.
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Table 22. Instrumental neutron activation analyses of rocks from West Greenland

Analysis 1 2 3 4 5 6 7
GGU no. 138228 113328 176765 176554 113321 135927 176770

in ppm
Sb 0.01 0.06 0.02 0.07 0.05 0.17 0.35
Cs 0.06 0.03 0.13 0.46 0.45 1.38 2.64
La 4.4 5.2 7.5 28.6 12.4 24.8 50.3
Ce 1O.6t 12.3t 20.4t 65.1 27t 48t 95
Nd 8.1t lOt 15t 24t 38
Sm 2.67 3.20 4.99 10.5 3.41 4.76 6.14
Eu 0.98 1.10 1.95 3.16 1.07 1.26 1.20
Tb 0.53 0.64 1.07 1.69 0.51 0.61 0.60
Yb 1.72 2.38 3.22 5.46 2.01 1.60 1.64
Lu 0.18 0.37 0.46 0.69 0.24 0.28 0.34
Hf 1.87 2.37 4.42 7.97 2.87 2.50 5.51
Ta 0.31 0.18 0.46 2.66 0.39 0.61 1.08
Tb 0.17 0.21 0.46 2.45 2.65 3.90 11.1
U 0.13 0.10 0.35 1.20 0.78 1.56 3.00

Analyses at the Neutron Activation Laboratory at the Geological Museum in Oslo after the procedure
by Brunfelt & Steinnes (1969) and Gordon et al. (1968).
t XRF analyses at Institute of Petrology, Copenhagen.
1. Picritic pillow from the Vaigat Formation (type IB)'
2. Olivine-poor tholeiitic basalt lava from Qordlortorssuaq Member (type II).
3. Olivine, augite and plagioclase-porphyritic basaltic pillow from the Maligåt Formation (Pedersen,

1977a, Table 7, no. 2).
4. Late Fe-Ti basalt dyke from Disko (Pedersen, 1977b, Table 9, no. 3).
5. Olivine microporphyritic basalt from welded tuff in Kuganguaq Member (type III).
6. Magnesian andesite lava from Kuganguaq Member (type IV).
7. Composite of 11 unmetamorphosed Mesozoic to early Tertiary shale samples from Nugssuaq (Pe

dersen, 1979a, Table 1, no. 1).

Among the uncontaminated rocks from Disko the type IB and II samples show
essentially flat REE patterns (LalYbE.F. = 1.5 to 1.7 (E.F. = enrichment factor
when normalized to chondrite)) and with LREE around 15 times chondrite. The
evolved Maligåt Formation sample shows a pattern parallel to these (LaNbE.F. =

1.6) but with distinctly higher total REE abundance, the Fe-Ti basalt dyke showing
still more increased total REE levels and relative LREE enrichment (LaNbE.F. =

3.5).
Of the Kuganguaq Member rocks the type III sample 113321 shows a distinct

LREE enrichment (LalYbE.F. = 4.2), and this feature is even more pronounced
(La/YbE.F. = 10.5) for the type IV sample 135927. Supplementary La, Ce and Nd
analyses for many other Kuganguaq Member samples (fig. 46b) indicate that the
INA-analysed samples are representative for types III and IV. These two rocks
show a rather flat HREE pattern of about 8 to 10 times chondrite, which is the
same level as found in type IB rocks, but distinctly lower than the HREE in the type
II rocks.
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A composite unheated Mesozoic to Tertiary shale sample from Nugssuaq (Ped
ersen, 1979a) (fig. 46a) and some other shales, sand and siltstone sediments from
the Disko region (fig. 46c) show strongly LREE-enriched patterns (LalYbE.F. =
11.8) with HREE compositions essentially similar to the picrite (1) and the Ku
ganguaq Member samples.

Based on the REE data it ean be concluded that an evolved basalt cannot be par
ental to the Kuganguaq Member rocks of type III and IV, whereas addition of
LREE-enriched and HREE-poor sedimentary components to picritic materials
would explain the observed patterns.

Ypossesses properties similar to the HREE (e.g. Goldschmidt, 1954), and this is
confirmed by the present data (Tables 15, 17, and 18). Y is well correlated with
TiOz (fig. 49a).
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Fig. 48. a and b: Ba v. SiOz and
MgO diagrams. A clear Ba en
richment in types III, IV and V
compared to I and II is evident in
b, and a rough positive correla
tion between Ba and SiOz for
types III to V is seen. Within
type III Ba and SiOz show a very
poor correlation.
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Incompatible elements

Among the incompatible elements Rb, Ba, Zr, Hf, Nb, Th, U and Sr will be
briefly described below.

Rb varies much like K in the analysed rock samples. The concentrations in type I
and II samples are generally a few parts per million or less. Within the type III ba
salts Rb shows a considerable scatter (fig. 47) with no simple correlation with MgO
or Si02• Some type III samples are nearly as low in Rb as type I rocks « 5 ppm)
whereas others reach 23 ppm. The type IV samples are strongly enriched'in. Rb
(50-70 ppm), whereas the type V samples are nearlY as low in Rb (4-5 ppm) as the
uncontaminated type I and II rocks.

Ba generally varies like K and Rb. Ba concentrations are very low in type I and
increase to 65 ppm through type II which, however, includes one anomalously en
riched sample (113245). The Kuganguaq Member type III and V rocks are rela
tively enriched in Ba (100 to 200 ppm) whereas the type IV rocks are strongly en
riched (400 ppm). Ba shows a rough positive correlation with Si02 in the con
taminated rocks (type III to V) (fig. 48a).

7 Bulletin nr. 152
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Fig. 49. a: TiD, v. Y diagram. A clear positive correlation is seen for most rock types, and the Ku
gånguaq Member rocks show only a minor deviation from the type I to II trend. Type V basalts overlap
with the least evolved type II basalts. b: TiD, v. Zr diagram. The type I to II basalts show a clear positive
correlation. The Kugånguaq Member rocks are relatively enriched in Zr with type III and V roughly for
ming a trend parallel to I and II, whereas the andesites deviate by having slightly increasing Zr with de
creasing TiDl. c: Y v. Zr diagram. The type IB rocks show relative enrichment in Zr compared to types
lA to II. Types III and Vare characterized by nearly the same Y/Zr ratios as IB, while type IV is distinctly
enriched in Zr.

Zr shows a narrow covariation with TiOz (fig. 49b) within the type I to II rocks.
At the same MgO and TiOzlevels the Kuganguaq Member rocks are all enriched in
Zr compared to the uncontaminated type I to II rocks. The Zr-TiOz diagram im
plies distinct addition of Zr from the contaminants.

Only a few INA values have been obtained for Hf. This element (Table 22) var
ies essentiaIly like Zr.



Fig. 50. U, Hf, and TiO, v. Th diagrams. Numbers 1
to 6 refer to Table 22 and fig. 46a. (1: IB' 2: II, 3:
MF, 4: FeTi, 5: III, 6: IV, 7: composite shale). a: U
v. Tb diagram. Potential parental magmas (type I
and II) are very low in these elements. Kugånguaq
Member rocks are distinctly enriched compared to I
and II and could have received most of their U and
Tb from a shale source (Shale). b: Hf v. Tb di
agram. Type I to FeTi basalt magmas define a trend
of high HflTh ratios. Kugånguaq Member rocks de
viate markedly by being Tb enriched and could
have been contaminated by materials with HflTh
ratios typical of shales from the region. c: TiO, v.
Th diagram. Same as b, but the effects are even
more marked because of the larger differences in
TiO,ITh ratios.
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Nb is very low in the type I rocks « 2-3 ppm) and in the most magnesian type II
rocks (2-3 ppm), increasing to 6 to 10 ppm in the Fe- and Ti-enriched type II rocks.
Nb is low in type III rocks « 2 to 6 ppm) and increases to 8 to 10 ppm in type IV.
The highest levels are found in the type V rocks (13-14 ppm). It is concluded that
the Kuganguaq Member rocks have been slightly Nb-enriched by the contami
nants.

Only a few values are available for Th and U (Table 22, fig. 50). The analysed
type IB and II rocks are very poor in Th and U, whereas the type III and IV samples
are enriched by more than a factor of 10 for Th and 6 for U relative to the uncon
taminated rocks. The REE data (fig. 46) indicated that sediments with the chemis
try of shales could be possible contaminants. This is strengthened by the U and Th
analyses (Table 22) and by the Hf or Ti v. Th diagrams (fig. 50b and c) which indi-

7·
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Table 23. Sr-isotope analyses of some Kuganguaq Member rocks

Sample Type Rb/Sr 87RbJ86Sr 87Sr/86Sr 87SrJ86Sro (55 m.y.)

138229 III 0.0769 0.223 0.7101 0.7099
113380 III 0.145 0.420 0.7104 0.7101
135924 IV 0.324 0.938 0.7115 0.7108
135927 IV 0.302 0.874 0.7116 g.7109
135972 V 0.0147 0.043 0.7077 0.7077
176770 C. shale 0.425 1.233 0.7279 0.7269

All samples 87Sr/86Sr; ± 0.0003 (2a). Eimer & Amend standard = 0.7080. Analyst: S. Pedersen.

cate that the addition of material with shale ehemistry to type I and II magma eould
produce type III and type IV rocks.

Sr behaves as an incompatible element in the picrites in West Greenland prior to
the onset of plagioclase erystallization (Clarke, 1970). Data on sedimentary xeno
liths from Disko (Pedersen, 1979a) indicate that sediment - magma interaetion ean
lead to extraction of Sr from the magma into xenolith materiaIs. Sr increases from
type lA rocks (unpublished data) to type II rocks with deereasing MgO, reaehing
about 240 ppm in the least magnesian type II samples. Sr shows very liUle variation
within type III (148-170 ppm) and type IVroeks (190-215 ppm) (fig. 47). The high
est Sr contents (about 275 ppm) are found in type V samples, whieh points to an
evolved basalt as parent for type V.

Sr-isotopes

O'Nions & Clarke (1972) have published Sr-isotope data on picrites and more
evolved basalts from Baffin Island and Svartenhuk, and these data are assumed to
be representative of mantle-derived melts from the region. Pedersen (1981) has
presented Sr-isotope data for four andesitic to dacitic iron-bearing samples from
the Maligåt Formation of north-west Disko and showed these to be extensively
contaminated by radiogenie Sr (87Sr/86Sr = 0.7141 to 0.7145) from erustal rocks.
Five new Sr-isotope analyses of type III, IV and V samples from the Kuganguaq
Member are presented in Table 23 together with one analysis of a eomposite shale
from Nugssuaq. All the Kuganguaq Member samples are strongly enriehed in 87Sr
compared to the regional pierites, which points to extensive contamination by con
tinental crustal rocks. The Kuganguaq Member rocks show generally increasing
87Sr/86Sr ratios with increasing Rb and Rb/Sr ratios. Most enriehed in radiogenic Sr
are the type IV rocks (c. 0.712) which therefore define the minimum 87Sr/86Sr-ratio
in the contaminant, while the Rb-poor (4 ppm) type V rock is the least radiogenie
(c. 0.708). Taken together, the Kuganguaq Member samples define a very erude
pseudoisochron with (87Sr/86Sr)o ~ 0.707 to 0.708 on a 87Srj86Sr v. 87Rb/86Sr diagram.
The Sr in all the analysed samples is distinetly less radiogenic than that in the eom
posite shale from Nugssuaq (87Sr/86Sr ~ 0.728).
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Chemistry of immiscible late stage melts

Pairs of mafic and felsic late stage melt phases described from the type III feeder
dyke (138229) and from the type IV andesite (135924) have been analysed by en
ergy dispersive mieroprobe technique (Table 24). The first occurrence of such pha
ses on Disko was noted by Roedder & Weiblen (1971) who briefly stated their pres
ence "in rocks from Disko Island" and found up to 14% TiOz and 10.8% PzOs in
high-iron glass associated with metal-bearing basalt. Immiscible melt phases have
subsequently been found to be very widespread in metal-bearing dyke intrusions
on Disko. Philpotts (1982) has compiled abundant data on immiscible melts from
tholeiitic and alkaline lava and dyke rocks, and many immiscible melt pairs from
lunar basalts are described by Roedder & Weiblen (1972). Comparison of the pres
ent data with published values shows that the felsic melt phases from the Ku
ganguaq Member rocks are dosely similar to the average rhyolitic melt phase from
tholeiitic rocks as given by Philpotts (1982, p. 213) (see Table 24, no. 12). The
mafie melt phases from Kuganguaq Member are, on the other hand, unusually high
in TiOz compared with mafic melts outside Disko, and silica is low, but otherwise
the compositions are dose to the average mafie immiscible melts in tholeiites (Phi
lpotts, 1982 and Table 24, no. 11). Fig. 51, a pseudoternary Greig diagram from
Roedder (1978), demonstrates that in the Kuganguaq Member rocks conjugate
melt pairs plot outside the experimentally determined low-temperature immis
cibility field in the system leucite-fayalite-SiOz' The tie-lines bridge the immis
cibility field and nearly overlap with that of the average tholeiitic melt pair, but the
Disko pairs indicate a larger immiscibility gap than characteristic of most other
rocks. According to Philpotts (1982), early oxidation of a liquid will prevent the
iron enrichment necessary to form immiscible low temperature melts, and the
prominent development of such melts in the analysed Kuganguaq Member rocks
could be due to their reduced nature.

Summary of results from major and trace element chemistry

Major and trace element relations impose various constraints on possibie genetic
relations among the described rocks. To simplify the discussion and interpretations
below the folIowing condusions are summarized.

Picrites and olivine-poor tholeiitic basalts (types lA and II) from the Naujanguit
and Qordlortorssuaq Members

The dominant rock type (type lA) is pierite with about 21 to 23% MgO, charac
terized by very low levels of imcompatible elements. While resembling the Baffin
Island picrites of Clarke (1970) it is distinetly more magnesian than the preferred
parental magma which has 18 to 19% MgO.



Table 24. Late stage mafic and acid immiscible 'melt' phases in KCtgtmguaq Member rocks

Olivine microporphyritic basaltic feeder dyke Magnesian andesite lavas Average tholeiite
f-'

Analysis 2 4 6 7 10 11 12 O
N

GGD no. 138229 138229 138229 138229 135924 135924 135924 135962 135962 135962

Bulk rock Mafic 10 (10) Felsie Felsie Bulk rock Mafie 10 (10) Felsic 10 (5) Bulk rock Rhyolite 10 (4) Rhyolite 10 (4) Mafic Felsic

Si02 51.35 33.4 2.0 72.9 72.2 56.2 31.4 2.3 74.7 1.5 56.51 73.76 0.39 74.81 0.29 41.5 73.3
Ti02 1.16 11.1 2.0 0.85 1.2 1.00 13.6 2.0 1.1 0.1 0.94 1.08 0.07 0.17 0.08 5.8 0.8
AI20 3 14.12 3.1 0.5 11.5 12.3 13.30 2.5 0.8 11.3 0.5 13.23 12.15 0.14 11.81 0.26 3.7 12.1
FeO' 9.17 33.3 2.5 1.3 1.6 7.83 37.2 2.7 1.5 0.5 7.94 0.69 0.07 0.68 0.10 31.0 3.2
MnO 0.16 0.55 0.05 <0.2 <0.2 0.25 0.40 0.15 <0.2 0.13 <0.02 <0.02 0.5 O
MgO 10.28 2.1 0.5 <0.2 0.3 8.95 2.4 0.5 <0.2 9.76 0.07 0.02 0.Q3 0.Q1 0.9 O
CaO 8.56 9.3 1.9 1.0 2.0 6.95 7.6 1.3 0.7 0.15 6.74 0.31 0.05 0.18 0.Q3 9.4 1.8
Na20 1.90 0.65 0.45 3.2 3.0 2.30 0.60 0.50 3.0 0.154 2.48 4.14 0.05 4.03 0.13 0.8 3.1
K20 0.37 0.45 0.20 2.9 2.3 0.72 0.30 0.20 3.0 0.104 0.75 2.84 0.08 2.88 0.05 0.7 3.3
P20 S 0.13 3.6 1.3 0.30 0.10 0.17 3.5 0.70 0.15 0.10 0.18 0.30 0.033 0.16 0.023 3.5 0.07
S 0.06 0.85 0.356 <0.1 <0.1 0.35 0.10 <0.1 0.10 n.a. n.a.
lessO -0.03 -0.42 -0.17

97.23 97.98 93.95 95.00 97.71 99.68 95.45 98.66 95.34 95.75 97.8 97.67

mg 66.6 10.1 O O 67.1 10.3 O 68.7 15.3 7.3 4.9 O

CIPW weight norm
Q 1.4 7.5 44.1 40.9 8.8 5.8 46.4 6.8 40.6 42.1 4.9 37.8
c 2.1 1.7 2.3 2.4 2.1 0.3
or 2.3 3.1 18.2 14.6 4.3 1.8 18.6 4.5 17.6 17.8 4.2 20.0
ab 16.6 6.8 28.8 29.0 19.9 5.1 26.6 21.3 36.8 35.6 6.9 26.9
an 29.7 4.9 3.2 10.0 24.4 3.2 2.6 23.1 4.5 8.7
di 10.6 17.1 8.0 10.0 7.8 17.5
hy 36.8 23.9 1.0 1.8 32.3 30.2 1.0 34.3 0.2 0.1 42.4 4.7
ol
mt 6.81 9.11

il 2.3 17.9 1.7 1.8 1.9 25.8 2.2 1.8 1.5 1.5 11.3 1.6
ru 0.3 0.4 8.3 0.2
ap 0.3 8.7 0.7 0.2 0.4 8.1 0.4 0.4 0.6 0.3
tro tr 3.4 1.0

Carion normative ratios
an in Plag. 67.1 41.9 9.5 25.6 53.6 37.6 8.5 50.6 O O 38.2 23.3
100 x Mg/(Mg + Fe2• + Mn)
in silicates 67.6 20.7 O 50.6 69.0 14.8 O 70.7 100 100 5.7 O

Bulk rocks: XRF analyses, see tables 17, 18 and 19. Analyses of immiscible blebs by E. d. analyses at Institute of Mineralogy, Copenhagen.
Analyses of rhyolitic residiuum in GGD 135962 by W.d. microprobe analyses at Institute of Mineralogy, Copenhagen.
Mafie: Mafie immiscible globules. Felsic: Rhyolitic residuum enclosing matie globules.
Rhyolite: Clear rhyolite glass without an immiscible mafie melt.
Numbers in parentheses indicate number of analyses. Superscripts to standard deviation is number of analyses.
*FezOyPeO ratio in norm calculation = 0.20 estimated from the composition of late stage titanomagnetites in GGU 138229. mg = 100 X Mg/(Mg + Fez+).

1. Bulk rock composition. Table 17 no. 1. FeZ03 = Oin norm calculation. 7. Felsic residuum enclosing mafie blebs.
2. Mafic immiscible blebs as shown in Fig. 13 no. b to d. 8. Bulk rock composition. FeZ03 = Oin norm calculation.
3. Felsic residuum. Only 1 analysis. 9. Interstitial rhyolite glass.
4. Felsic residuum. Only 1 analysis. 10. Rhyolite glass around quartz xenocryst.
5. Bulk rock composition. Table 18 no. 4. FeZ03 = Oin norm calculation. 11. Average malie immiscible blebs in tholeiites as compiled by Philpotts (1982, Table 3, p. 213).
6. Mafic immiscible blebs, as shown in Fig. 17, b & d. 12. Average felsic residual immiscible melt in tholeiites as compiled by Philpotts (1982, Table 3, p. 213).



Fig. 51. Pseudoternary SiOr
(Na20 + K20 + AI20 3)

(Ti02 + FeO + MnO + MgO
+ CaO + P20 5) diagram
showing pairs of immiscible
late stage melts in Kugån
guaq Member rocks. Experi
mentally determined low
temperature immiscibility
fields from Roedder (1978).
In addition to the type III ba
salt (GGU 138229) and the
type IV andesite (GGU
135924) pairs from Lunar
rock 14310 (Roedder & Wei
bIen, 1972) and from average
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lavas and dykes (Alk.) (Phi
Ipotts, 1982) are shown.
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The type lA rocks define an olivine control line, which at the evolved end is ter
minated by type II rocks controlled by olivine + plagioclase + melt and olivine +
augite + plagioclase + melt equilibria. Plots of some incompatible elements
against each other show linear trends with positive slopes which substantiate, but
do not prove, the comagmatic nature of these rocks.

Picrites from the Ordlingassoq Member (type IB)

The dominant rock type is a picrite with between 16 and 19% MgO. Compared
with type lA the IB picrites are slightly enriched in incompatible elements at the
same MgO levels and are very similar to Clarke's (1970) Svartenhuk picrites, and
the dominant IB rock being very similar to the estimated Svartenhuk parental
magma.

Olivine microporphyritic basalts (type III) from the Kuganguaq Member

It it is assumed that type III rocks do not represent an independent primary
magma derived from an exotic mantle, the following constraints emerge.

1. The high 87Sr/86Sr ratios demonstrate that mantle-derived parental magma has
reacted with crustal rocks.

2. The basic parent was so Mg and Cr rich that it must have been picritic. One
non-cumulative type III sample was derived from a parent with at least 21%
MgO, and all the others from parents with at least 18% MgO.
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3. The low levels of elements like Nb and P clearly indicate a non-alkaline par
ental magma.

4. Comparison of REE patterns in contaminated and uncontaminated samples
shows that the low HREE level in the analysed type III sample constrains the
parent to contain well above 10% MgO.

5. The chemical variation within type III rocks indicates minor olivine frac-
tionation in the type IIlmagmas.

In conclusion of points 1 to 5, the chemistry points to a magnesian (> 18% MgO)
type I rock as parent for type III rocks. Geologically and chernically the dominant
type lA magma with 21 to 23% MgO, is the most likely candidate.

The crustal reactant cannot be unequivocally identified, since only one vesicu
lated, partially melted, and strongly carbonated, xenolith resembling sandstone has
been found, from which no representative chemical analysis could be obtained.

However, the folIowing observations constrain its composition.

6. Marked depletion of the chalcophile elements Ni and Cu (and to aminor ex
tent Fe) is attributed to sulphur addition from the contaminant and subsequent
fractionation of a sulphide (+ minor Fe metal?) from the type III magma. This
occurred prior to the crystallization of the phases now present in the type III
rocks.

7. Type III rocks show distinct LREE enrichment, increasing from Nd to La,
which must be derived from the crustal reactant. Addition of LREE-enriched
components from Cretaceous to Tertiary sediments to type lA rocks would ex
plain the observed patterns. The addition of other, unobserved, crustal com
ponents could of course equally well explain the patterns.

8. Distinct enrichment in some incompatible elements such as Zr, Hf, P, Nb, U
and Th is noted and must be attributed to the crustal component.

9. A distinct, but irregular enrichment noted for elements like K and Rb is not
only caused by post-eruptional hydrothermal metamorphism, but must reflect
inhomogeneities in the crustal component, or possibly volatile transport at the
roof of the magma chamber.

10. Major element modifications include addition of SiOz, marked decrease in
CaO/Alz0 3 ratios, and decrease in FeOtotal. In addition to the precipitation of
olivine, some process other than simple mixing must have occurred. Previous
xenolith studies from Disko (Melson & Switzer, 1965; Pedersen, 1979a) sug
gest that diffusion of some elements from the magma into contaminant rocks
has occurred.

Magnesian andesites (type IV) from the Kuganguaq Member

These rocks have been affected by interaction with the same crustal components
that affected the type III rocks, but to a more extreme degree. Because of this, the
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basic parental magma is more strongly modified and hence less easy to identify.
The following constraints apply.

1. A minimum of 13 to 15% MgO in the parent is implied from the Cr-data.
2. Sulphide extraction of Ni and Cu has been ineffective, probably due to higher

magma viscosity than that for the type III basalts.
3. The REE data are compatibie with the same parent as for type III rocks, but the

additions of LREE from the crustal component have been larger.
4. The Ti-SiOz data show TiOz dilution effects with increasing SiOz, which identi

fies the crustal component as being TiOz-poor (1.00%).
5. There is no clear evidence of crystal fractionation. Even minor orthopyroxene

fractionation would increase TiOz and markedly decrease Cr, Vand Se, but the
observed variation implies only passive dilution by the crustal component.

6. Major and trace elements exclude the possibility that type IV is derived from III
by crystal fractionation of the observed phases.

7. The widespread occurrence of resorbed quartz xenocrysts in the andesites, and
the pronounced silica enrichment, point to sandstone as the crustal component.
Gneissic to granitic rocks cannot be excluded, but positive evidence is lacking.

From the evidence presented for type III and IV rocks it is concluded that both
types originated from a picritic parent and that type IV is more strongly con
taminated than type III. Petrographic evidence points to sandstone as the likely
contaminant. However, evidence from REE and other trace elements indicates
that the concentration of these elements in the contaminant was similar to values
found in Mesozoic to Tertiary shales and siltstones from Disko and Nugssuaq. As a
very simplistic approximation to estimate the extent of contamination (negleeting
selective contamination, Watson, 1982) as well as complex equilibration reactions
at contacts) simple mixing calculations have been made below (Table 25). Mixing
of a type I rock (represented by sample 138228 and a composite shale (sample
176770, Pedersen, 1979a» to give a type III (113321) and a type IV (135927) rock
was performed for incompatible elements since these showed distinctive concen
tration differences between parent and contaminant.

For the elements La, Nd, Sm, U and Th the contribution from contaminants ean
be estimated to amount to between 17 and 23% by weight for the type III sample
(113321), and to between 34 and 60% for the type IV sample (135927). The actual
volumes of contaminants transferred to the magmas were probably much smaller,
since it is likely that the incompatible elements became strongly concentrated in
partial melts in the sediments.

It is, however, interesting to note that if the same calculations are performed for
SiOz and the value SiOz = 75 wto % is assigned to the contaminant (a likely value
for some sandstone and siltstones as well as for rhyolitic melt in partially molten
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Table 25. Estimation af the exten! af contamination af a type III and a type IV
rock based an same incompatible elements

Element
Percent contaminant added to parent in:

Type III (113321) Type IV (135927)

Rb
Ba
Zr
Hf
Nb
La
Nd
Sm
Th
U

16
32
44
28
27
17
23
21
23
23

84
98
66
17"
64
44
53
60
34
50

Parent: Type I picrite 138228 (Tables 15 and 24, and unpublished data).
Contaminant: Composite shales from Niigssuaq (Table 24 and Pedersen, 1979a, table 1).
Simple mixing: aIx + azy = a3•

al concentration of element in parent.
azconcentration of element in contaminant.
a3 concentration of element in Kiigånguaq Member rock.
x weight fraction parent.
y weight fraction of contaminant.
x+y=1.
" Indicates dubious Hf value for 135927.

sandstone or siltstone) then the values obtained (23% for type III and 41% for type
IV) are similar to those indicated for the incompatible elements cited above.

Feldspar-phyric silicic basalts (type V) from the Kuganguaq Member

These rocks represent basaltic melt coexisting with olivine (pseudomorphosed)
+ orthopyroxene + augite + plagioclase and could hence represent compositions
erupted at a low pressure pseudo-invariant reaetion point (e.g. Chinner &
Sehairer, 1962; Stolper, 1980). The folIowing eonstraints ean be applied.

1. The high 87Sr/86Sr ratio determined for type V samples demonstrates that mantle
derived parental magma has reacted with erustal rocks.

2. High Cr in the magma indicates that the parental magma contained at least 11 to
13% MgO.

3. Both the major element ehemistry, and the eoneentrations of the elements Ti, P,
Se, V, Nb and Y, indicate that the type V parent rock had become an evolved
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basalt with some major and trace element characteristics similar to evolved type
II basalts.

4. Low levels of elements such as Ni and eu are taken as definite evidence for sul
phide fractionation.

5. Low levels of K and Rb indicate that there was only limited reaction with crustal
material.

In conc1usion, the type V rocks have been derived from an aiready evolved type lA
to II rock (11 to 13% MgO). After reaction with crustal contaminants, which in
volved sulphide fractionation, the magma evolved to a pseudo-invariant reaction
point. Cr remained unusually high for an evolved basalt, probably because re
ducing components from the contaminants delayed the crystallization of chromite.



DISCUSSION AND INTERPRETATION

This section first attempts to apply mineral thermometry to the Kuganguaq
Member rocks and to their supposed parents; the transition element chemistry of
olivine, chromite and glass is then discussed in relation to lo,and Is" and finally the
Kuganguaq Member vo1canism is reassessed.

Estimation of temperature from olivine-melt thermometry

Iron and magnesium partitioning between olivine and melt,

expressed as Ko = (~~d~go)/(XtidX~\o)

has been shown to be dose to avalue of c. 0.30 for a wide range of compositions,
temperatures and pressures by Roeder & Emslie (1970) and Roeder (1974). Re
cent iterative calibration of a large number of experimental olivine-glass data by
Ford et al. (1983) has, however, demonstrated that Ko is clearly composition and
pressure dependent, and their reformulated olivine thermometer is applied here.

The Kuganguaq Member rocks and their proposed parent magmas of type I and
II were all olivine saturated at their liquidus. From the Ko relation (Ford et al.,
1983) and analyses of olivines, glasses and bulk samples, and an estimated pres
sure, it is possibie (1) to estimate liquidus olivine compositions and liquidus tem
peratures from bulk analyses, and (2) to estimate the MgO in the magma in equili
brium with actually analysed olivine phenocryst compositions.

Table 26 summarizes estimated liquidus and quench temperatures and the corre
sponding olivine compositions.

Type I. The type IB glass sample 136943 carries olivine with a compositional
range from mg = 92.3 to 85.8. Its l bar liquidus temperature is 1424°C (olivine, mg
= 92.4) and the 10 kb temperature is 1475°C (olivine, mg = 91.7). The glass itself
indicates a l bar quench temperature of about 1200°C. The more magnesian type lA
samples 156717 would have a l bar liquidus temperature as high as 1473°C and
more magnesian liquidus olivine (mg = 93.7) than has ever been analysed from the
Vaigat Formation picrites.

Type II. The investigated type II samples show a wide range in estimated liquidus
temperatures from T= 1251°C (olivine, mg = 86.2) to T= 1180°C (olivine, mg =
79.4). The estimated olivine compositions contrast markedly with the analysed oli
vine cores (mg = 65) from the magnesian type II sample 113325, indicating that the
ferromagnesian silicates experienced extensive equilibration during the cooling of
this thick lava flow.
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Table 26. Thermometry based on olivine-melt equilibria

Calc mg Calc mg
in in

Est.or olivine olivine
calc. at at

Anal. Anal. FezO/ TsumoC, TsumoC,' K tt TsumoC Ko,o'
Rock Source Type MgOt FeO·1 FeOI 1 bar 1 bar 1 bar P bar TsumoC P bar P bar

156717
Table 14

lA 21.15 10.20 0.20 93.7 1473 0.294 93.1 1524 10 000 0.324
anal. 1

136943
Table 14

IB 18.48 10.89 0.20 92.4 1424 0.294 91.7 1475 10 000 0.324anal. 6

136943 Table 16
8.48 10.64 0.20 84.3 1198 0.312

glass anal. 1

113236
Table 15

II 10.20 10.75 0.15 86.2 1251 0.307
anal. 1

113328
Table 15

II 9.17 10.74 0.15 84.7 1225 0.312
anal. 4

113330
Table 15

II 7.41 12.35 0.15 79.4 1180 0.315
anal. 6

113317
Table 17

III 12.50 8.92 O 88.6 1314 0.320
anal. 10

138229
Table 17

III 10.28 9.17 O 86.1 1274 0.323
anal. 1

113321
Table 17

III 10.80 9.45 O 86.3 1279 0.325
anal. 11

113321 Table 20
9.21 8.93 O 85.1 1240 0.320

glass anal. 2

264110
Table 19

III 10.97 9.07 O 87.1 1286 0.320
anal. 7

264110 Table 20
7.20 8.45 O 82.3 1188 0.327

glass anal. 5

135962
Table 18

IV 9.76 7.94 O 87.0 1290 0.328
anal. 6

135927
Table 18

IV 8.33 7.69 O 85.4 1265 0.331 85.2 1269 1000 0.335
anal. 2

135972
Table 18

V 6.11 9.41 O 77.6 1151 0.333
anal. 7

Applied forrnula: Ford et al. (1983, eq 3 p. 259; coefficients from table 2, p. 261).

tI Analysed MgO wto % in rocks or glasses.
12 Analysed FeO· in rocks or glasses.
$ 3 Estimated FezO,IFeO in rocks and glasses, see section on foz'
14 Olivine saturation temperature T,umac as defined in Ford et al. (1983).
tt5 Ko = (~~d~gO)/(XF~dXr:.".o)
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Type III. The type III bulk rock liquidus temperatures range from T= 1314°C
(olivine, mg = 88.6) for the most magnesian sample 113317 to about T= 1275°C for
typical type III compositions. The glass phases span a considerable range, from T
= 1240°C (olivine, mg = 85.1) in the welded tuff 113321 to T = 1188°C (olivine, mg
= 82.3) in the type III glass from the Ordlingassoq Member (sample 264110). In
general, the compositions of the most magnesian olivines analysed from type III
samples are similar to the calculated liquidus olivines.

Type IV. Calculated liquidus temperatures for the type IV samples are very high
(about 1290 to 1265°C) for such silicic rocks, and the most magnesian analysed oli
vines (mg = 87 to 86) are very similar to the calculated composition of the liquidus
olivine (mg = 87.0 to 85.4).

Type V. The type V samples, which only contain traces of olivine pseudomorphs,
show a very low calculated liquidus temperature (T = 1151°C) and less magnesian
liquidus olivine (mg = 77.6) than any other Kuganguaq Member rocks.

Estimation of temperature from pyroxene thermometry

Lindsley & Andersen (1983) and Lindsley (1983) have recently formulated a
graphical two-pyroxene thermometer and a specific scheme to project pyroxenes
into the system Wo-En-Fs. This projection has been applied for two pyroxene
pairs in the type V sample 135972 (Table 9, nos 6 and 7). ane atmosphere temper
atures obtained are around 118Q-1200°C, which is higher than the olivine sat
uration temperature (1151°C). Two large crystals of groundmass pyroxene (unpub
lished wavelength dispersive analyses) from the type IV magnesian andesite sample
135945 (fig. 26c) give temperatures around 1100°C. Finally, a temperature estimate
was attempted on pyroxenes crystaIlized in vugs in the large type III hornfels tuff
113380 (Table 9, nos 9 and 10). The calcic dinopyroxene yields T= c. 1130°C while
the orthopyroxene gives 100Q-ll00°C, but it is likely that a true equilibrium as
semblage was never established in this rock.

Estimation of pressure

No useful mineral barometers have been found in the Kuganguaq Member
rocks. Some general indication that the Kuganguaq Member rocks are low pressure
equilibrated comes from the faet that the type III basalts crystallized at least 8
vol. % of olivine before the appearance of low Ca pyroxene, and that the distinctly
quartz-normative type IV andesites crystaIlized early olivine. Higher pressures in
crease the primary phase volume of orthopyroxene (Boyd et al., 1964; Chen & Pre
snaIl, 1975) and markedly reduce that of olivine. This would be counteracted by a
high PH20 (Kushiro, 1972), but evidence of a high PH20 is notably lacking in these
rocks. The phase relations at low dry pressure of Bushveld samples (Cawthorn &
Davies, 1983), very dose in composition to Kuganguaq Member type III and IV
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samples, strongly suggest that the Disko rocks equilibrated at pressures < 3 kbar,
and in the case of type IV the pressure must have been distinetly less.

Estimation off O
2

Recent experimental work has permitted empirical calibration of oxygen fugac
ities from ferric-ferrous ratios at known high igneous temperatures for a wide
range of silicate melt compositions, including the present rocks (Sack et al., 1980;
Kiline et al., 1983). The calibration now ranges from oxygen fugacities at one order
of magnitude below the FMQ buffer to those in atmospheric air. Unfortunately di
rect fO

2
determination from ferric-ferrous ratios in the present chemical rock ana

lyses is rarely possible due to combinations of deuteric oxidation, high temperature
metamorphism, and late regionallow temperature metamorphism. In the present
study the estimates of f O

2
variations are therefore only qualitative. They are based

on
(1) The composition and modes of Fe-Ti oxide phases, and
(2) Transition metal chemistry in glass, chromite and olivine.

Composition and abundance of Fe-Ti oxides

Coexisting ilmenite and titanomagnetite allow the determination of T and fO
2

in
rocks (Buddington & Lindsley, 1964; Spencer & Lindsley, 1981). In the Ku
ganguaq Member rocks Fe-Ti oxides crystallized late, and no usable oxide pairs
which could provide temperatures of magmatic crystallization have been found in
the present study. The modal abundance of Fe-Ti oxides in Kuganguaq Member
rocks are generally low (Table 1), and those samples with least late stage deuteric
oxidation (138229, 135924 and 135927) are remarkably low in well crystallized
Fe-Ti oxides, carrying a large part of their oxide component in mafic immiscible
blebs. A plot of modal Fe-Ti oxides v. TiOz (fig. 52) illustrates this, and shows that
uncontaminated type II samples are much richer in Fe-Ti oxides than the Ku
ganguaq Member samples with only slightly lower TiOz contents. This indicates
that the type III and IV rocks are reduced compared to the regional uncon
taminated basalts, and the composition of the late titanomagnetite (usp/(usp + mt)
= 0.82) in the type III feeder dyke gives the same indication.

Composition of the glass

Of the elements Ti, V, Cr, Ce, Eu, Hf and Zr (disregarding Fe), which occur in
more than one valency state under reducing conditions and at igneous temper
atures (e.g. Schreiber, 1977; Schreiber et al., 1982), only Cr and Ti have been ana
lysed in the glasses. While Ti shows no apparent redox-controlled anomalies, the
unusually high Cr in type III glasses must be ascribed to low prevailing f O

2
,
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Fig. 52. Modal Fe-Ti oxides in vol. %
(outside late stage immiscible blebs)
v. TiO, (wt. %). Note the low abun
dance of Fe-Ti oxides in some KI1
gånguaq Member type III and IV
rocks compared to well crystallized
type II basalts. The type V sample is
a vesiculated and subsolidus oxidized
lava.
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The solubility of Cr in basic magmas is known to be strongly dependent on T and
fa, (e.g. Hill & Roeder, 1974; Maurel & Maurel, 1982a), Cr solubility increasing with
T and decreasing fa,. In addition, the solubility is dependent on the melt com
position (e.g. Irvine, 1975b; Schreiber & Haskin, 1976), but the effects are not
quantitatively calibrated.

Fig. 43 shows CrZ0 3 v. mg in glasses from type I samples and other more cvolved
uncontaminated basalts from Disko compared to type III glasses. The estimated
quench temperatures for type I glasses fall within the range for type III glasses.
Given the same T and fa" the more silicic type III glasses should dissolve less Cr
than the type I glasses according to Irvine (1975b). Therefore, the fact that Cr is a
factor of 3 higher in type III than I glass indicates that much more reducing condi
tions prevailed in the type III magma. The experimental work by Hill & Roeder
(1974) and Maurel & Maurel (1982a) would suggest a difference in fa, of about 3
orders of magnitude.

Another example of fo,-dependent Cr solubility is shown by the two, nearly
identical, chromite-saturated type III glasses (Table 20): the tuff (138348) from the
Kuganguaq Member and the pillow glass (264110) from the Ordlingassoq Member,
which is the only type III material from outside the Kuganguaq Member included
in this study. Sample 138348 contains about twice as much Cr as 264110 and must
have been distinctly more reduced than the latter.

Composition of the chromite and evidence from chromite-glass equilibration

The folIowing redox-sensitive elements will be discussed: Cr, Fe and V. Chro
mium almost exclusively enters spinel phases as Cr3+, even when crystallizing in
magmas with Cr3+ ~ Cr+ (Schreiber & Haskin, 1976), and even under extremely
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reducing conditions no evidence for Crz+-substitution has been found in Disko
spinels (Pedersen, 1978b). All Cr is therefore assumed to be present as c2+ in the
chromites studied here.

This study has shown the presence of substantial Fe3+substitution in all the chro
mites in type IB glass samples (fig. 22). Of particular interest is the fact that even
chromite in glass inclusions in the core of clear, very magnesian (mg = 92.3) olivine
phenocrysts also shows the same distinctive ferrie iron enrichment as the free chro
mite microphenocrysts in the glass. This demonstrates that the redox conditions,
which characterize the type IB glasses, originated early in their evolution at high
temperatures before they reached the Earth's surface.

Several experimental investigations have been made on the relation between
ferric-ferrous ratios in chromites and coexisting basaltic glass (melt) at 1 atm.
(Maurel & Maurel, 1982b; Roeder, 1982). The experimental range (fo, = 10-6 to
10-9

) covers the studied type I glass samples and permits an estimate of the FezO/
FeO ratio in the glasses. From the estimated ferric-ferrous ratios and the bulk com
position of the glass phase, and with the temperature obtained from olivine-glass
thermometry, fo, is calculated from the work of Sack et al. (1980). Table 28 sum
marizes data for some of the investigated type IB samples. The fo, values obtained
are close to the NNO buffer and distinctly above FMQ. Some oxidized olivines
contain magnesioferrite and would indieate even higher fo, locally.

In chromite from type III to V samples calculated ferric iron varies substantially
(figs 22, 23 and 25), but values from chromite in quench~ samples are invariably
much lower than values in quenched type I rocks.

Attempts to estimate the FezO/FeO ratio from the chromite in quenched type
III and IV samples, and subsequent calculation of fo" show that these rocks are
more reduced than the compositions covered by the experimental equilibration
range (Jo, < fo-9 at T = 1180 to 1399°C). For this reason a more crude estimation of
fo, has to be made. From experimental results (in the range T = 1080 to 1300°C and fo,
= 10-3 to 10-9

) Maurel & Maurel (1982b) made a cQrrelation equation between
ferric-ferrous ratios in chromite and glass, but noted that the dependence on melt
compositions was not well constrained. As a more general relation, they found that
Fe3+/Fe~:romite> Fe3+/Fe~~IO and this relation has been extrapolated to lower fo, in
order to estimate maximum ferric-ferrous ratios in quenched type III and IV sam
ples (Table 27). The values are clearly lower than (a) ratios calculated for the same
rocks at the FMQ-buffer (Sack et ai. , 1980) and (b) the analytically determined oxi
dation ratios in the rocks, indieating that the rocks have been subsequently oxi
dized.

In conclusion, the ferric-ferrous ratios calculated for chromite in the quenched
type III and IV samples show that these magrnas, just prior to eruption, were all
characterized by fo, distinctly, below 10-9 (the experimental calibration range) and
well below the WM buffer - that is more than one, and more likely two to three or
ders of magnitude below that characterizing the type I magrnas.

Even the type V chromite in lava sample 135972, which is likely to have been oxi-
8 Bulletin nr. 15Z
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Sample

136943
264104
264104
264137
264110
264110
glass
113321
glass

Table 27. Calculation of f O2 from chromite-glass data

Type Chromite Fe3+/Fe2+ in Fe3+/Fe2+ in rc from log fO2 after
chromite glass, from olivine-glass Sack et al.

eq 1 therrnometry (1980)
see Table 27

IB Table 5 no 4 0.638 0.198 1198 - 7.65
IB Table 5 no 8 0.615 0.188 1195 - 7.95
IB Table 5 no 9 0.857 0.291 1195 - 7.00
IB UnpubI. 0.692 0.220 1204 - 7.35
III Table 7 no 7 0.131 0.025 1188 -11.75t

III 0.407 0.110 1188 - 9.001

III 0.295 0.072 1240 - 9.001

General conc1usion: All quenched type III rocks equilibrated at fa «10-9
•

Equation 1; from Maurel & Maurel, 1982b, p. 211 for 1180C ~ rC'~ 1300 and 10-" ~ f02~ 10-3
•

For to < 10-9 maximum Fe3+/Fe2+ in melt is given by (FeH /Fe2+)sp > (Fe3+/Fe2+)/iQ' where sp = spinel phase
and liq = melt.
tExtrapolation far outside the calibration range.
ICalculated limiting cornpositions at the lower f02-calibration range.

dized to some extent during the cooling of the lava, still records a fO
2
value well be

low the calibration range of 10-9
•

Several samples of Kuganguaq Member lavas and of the metamorphosed tuffs
contain chromite which was dearly equilibrated at near solidus to subsolidus tem
peratures. Chromite in different samples shows different FeH enrichment trends
(fig. 22,24) from which a sequence of increasingf0

2
can be noted (138229 < 135975

< 113380); however, the extent of the oxidation processes has not been quantified.
Vanadium is present predominantly as V5+ at igneous temperatures at fO

2
dose to

or higher than FMQ (see discussion in Schreiber, 1977 and Shervais, 1982). As f O
2

decreases, species such as V4+ and VH become increasingly important. With de
creasing fO

2
the spinel-phase/melt partition coefficient for V (Dy) has been found to

increase very markedly (Lindstrom, 1976, cited in Irving, 1978). In Table 28 ap
proximate partition coefficients (Dy) for type IB and the Kuganguaq Member rocks
are given. The very small abundances of chromite in type III to V samples (Table 1)
and in type IB glass samples (0.3 vol. %) show that less than 10% of the total V in
the rocks is partitioned into chromite. Since V has not been analysed in the glasses
or matrices with the microprobe, partition coefficients are here VChromitiVBulk rock'
For the picrites this gives higher values than would be obtained for chromite/glass
pairs, whereas the effect is very minor for the other rocks.

The partition coefficients (Dy) in type I samples are around 4, whereas type III
values are about 35 to 40. In the type IV samples the chromite shows both varying
Vand Fe3+ (fig. 23). The quenched andesite tuff 135961 and lava sample 135927
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Table 28. Mineral-glass partition coefficients

Sample

136943

Type Dn-olivine/glass

O.006--0.OOS

Dy-olivine/glass

< o.os

Dy-chromite/glass

<6

Maligåt Formation
basalt 176765*

Fe-Ti basalt dyke
176554t

113374'
113321
1133S()S
13S229~

264110

135961**
135962~

135972~

III
III
III
III
III

IV
IV

V

0.006--0.009 < O.OS

0.013-0.017 < 0.07

c.0.20
0.012 0.12-D.21

c. 0.07
O.OOS c.0.24

O.oo8-D.016 0.2-D.3

0.015 c. 0.40
0.010 c.0.15

no chromite

no chromite

c. 22
20-34

31-35
35-40

c.30-35
c. 11

c. 40

Basaltic glass rock
with metallic iron
176669tt

similar to
type III

0.016 1.0 no chromite

* Major elements in Pedersen (1977a, Table 7, no. 2).
t Major elements in Pedersen (1977b, Table 9, no. 3).
, The sample is a tuff with altered matrix. Glass values estimated as typical type IIIcompositions.
l Metamorphosed tuff, the low Dy-olivine/glass is interpreted as due to metamorphic equilibration.
~ Only the composition of the bulk rock is known.
**Tuff sample with altered glassy matrix. Glass values estimated as typical type IV compositions.
tt Described by Pedersen (1979b, Table 2).

show coefficients from 35 to 23, whereas other samples range down to 11. In the
type y sample the coefficient is around 40.

The compositional effect on Y solubility in the different silicate magmas at con
stant T and to, cannot be assessed at present, but the analysed or estimated Y con
centrations vary only by a factor of 2 in the bulk rocks and glasses, but by up to a
factor 10 to 15 in the chromites. The marked increase in Dy chromite/glass from
type I to type III, lY and Y was presumably caused by a shift from more oxidized
y5+ in type I magma to more reduced y4+ and y3+ in the type III to Y magmas,
where the reduced Y would enter the spinel structure more easily. In the Lind
strom experiments (Irving, 1978) a comparable shift in Dy was attained by a decline
in to, by 3.5 orders of magnitude, but the chemical system was different and the
temperature lower (1110 to 113SOq, so quantification of the Disko results is not
justified.

Another important point emerges from the chromite data from type III samples:
high Y concentrations in chromite established during early chromite precipitation

8'
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at low fO
2

were retained or only slightly decreased when the chromites were subse
quently oxidized at near solidus or subsolidus temperatures (figs 22 to 25).

In conclusion, Dv chromite/glass is highly f O2sensitive and an important parame
ter which ean be used to estimate the relative fO2in quenched magnesian basalts
and andesites in the fO

2
range from the NNO and perhaps to the IW buffer.

Composition of the olivines

The folIowing redox-sensitive elements will be discussed: Ti, Vand Cr. Ti is al
most exclusively present as Ti4+ in normal terrestrial magrnas, and even in a haplo
basaltic model system at 1250°C at the IW buffer only about 2% of the Ti is present
as the reduced species Ti3+ (Schreiber et al., 1982). In the present work no distinc
tive Ti anomalies have been found (fig. 20e). Calculated partition coefficients for
olivine/glass pairs in glass samples which range from type I to Fe-Ti basalt vary only
between 0.006 and 0.017, while partition coefficients estimated for type III and IV
samples vary between 0.008 and 0.016 (Table 28). The glass samples from Lu
ciefjeld which are estimated to have quenched close to the IW buffer (Pedersen,
1979b) show DTi = 0.017. It must be concluded that no evidence for TP+ anomalies
has been found in the rocks studied here.

Vanadium does not easily enter olivine under normal terrestrial conditions, and
experimental determination of Dv olivine/glass pairs show low values at FMQ
(0.04, Lindstrom, 1976 cited in Irving, 1978). Ringwood (1970) has reported a
much higher Dv (1.3) in an olivine/glass pair synthesized in an Apollo 11 com
position at low fO

2
, and Pedersen (1979b) reported a Dv = 1.0 in an olivine/glass

pair from iron-bearing glass at Luciefjeld. Fig. 20f shows how the olivine from this
rock deviates very markedly from the olivines investigated in this study.

The picritic to FeTi basaltic olivines are poor in Vand all show Dv below 0.1, and
in some rocks Dv ean be constrained to below 0.06 (Table 28) which is in accord
anCe with Lindstrorn's experiments. In quenched type III rocks Dv ranges between
0.18 and 0.3. Only in the strongly metamorphosed tuff sample 113380 has V been
lost from olivine, resulting in Dv 0.07. In quenched andesite tuff sample 135961 Dv
is estimated at around 0040, whereas the re-equilibrated olivines from andesite lava
sample 135962 give Dv about 0.15.

In conclusion, V partitioning between olivine and 'melt' in the investigated sam
ples varies from 0.06 to 004, and appears to be distinetly f02-sensitive. Atfo,-levels
characteristic of the regional volcanic rocks Dv is below 0.1. In the quenched type
III and IV magmas Dv reaches about 0.2 to 004, but when such rocks have been re
equilibrated during cooling a substantial amount of V has been expelled from the
olivine. The data on V partitioning seem to indicate that the Kuganguaq Member
magmas were characterized at quenching by fO

2
values intermediate between the

IW buffer (Luciefjeld glass Dv = 1.0) and the NNO buffer (picrite glass, Dv =
0.08).
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Chromium partitioning between olivine and glass has been investigated in model
silieate melts by Schreiber (1979) and Schreiber & Haskin (1976), see also sum
mary by Irving (1978). At low fo" Der olivine/glass is dominated by Der'+, and only
slightly dependent on temperature and melt composition. At higher fa, the Der3+

contribution dominates on Der total, and a considerable dependence on T, as well
as on melt composition, is noted. Values for Der total for olivine/glass pairs are
crudely estimated in Table 28. Minimum values are obtained when the most mag
nesian olivine cores are paired with bulk rocks, because Cr was rapidly lost from
the melt through the precipitation of chromite.

In some samples high-temperature metamorphic equilibration has depleted the
olivine in Cr. In the picritic to FeTi basaltic glass samples estimated Der values are
around 1.2 to 1.5, these values being probably maximum estimates.

In type III samples Der is estimated at 0.9 to 1.1 (which is also the level found in
the iron-bearing Luciefjeld glass), and in the quenched type IV sample the value is
1.4. In conclusion, the partition coefficients Der in the quenched type III samples
are probably slightly lower than in the picritic to FeTi basaltic glasses, but do not in
themselves provide areliable estimate of fa,.

Estimation ofis,
Only very tiny blebs of immiscible sulphides have been found in the Kuganguaq

Member rocks, and none of these have been quantitatively analysed. Significantly,
no trace of metallic iron is observed within these sulphides, such as described from
tuffs from Nugssuaq (Pedersen, 1978a) and the basalt glass from Luciefjeld (Ped
ersen, 1979b). In accordance with the evidence offo, above the IW buffer,fs, must
have been higher than the low level defined by an Fe-FeS type buffer (c. 10-5 at
1200°C, see Pedersen, 1979b). Evidence from strong Ni and Cu anomalies in type
III and V samples shows that these magmas fractionated sulphides and were thus
sulphide saturated. In the present samples the highest sulphur concentration is 0.06
wto % found in the type III feeder dyke, while the analysed lava samples range be
tween 0.04 and 0.01 % S. Even these low levels are probably not a measure of the
amount of primary sulphur retained in the rocks, since considerable parts of the ob
served sulphides are vug or vein filling low-temperature sulphide precipitates. The
sulphur and oxygen fugacity seems therefore to have been high enough to allOW ex
tensive degassing of sulphide compounds such as is generally observed for ter
restriallavas (e.g. Moore & Fabbi, 1971), which contrasts with the high primary
sulphide content preserved in metallic iron-bearing lavas and some of their xeno
liths on Disko (0.15-0.78% S, Pedersen, 1979b, 1981). The highest primary sul
phide concentrations found are in the mafie immiscible silieate blebs in type III and
IV samples (0.35-0.85% S, Table 24) in accordance with the experimental evidence
that sulphide solubility increases strongly with increasing Fe2+ in the silieate melt
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(Haughton et al., 1974). In conclusionfs, was high enough in the lavas to allow ex
tensive degassing, and higher than the level determined by equilibrium with metal
lie iron, but no more precise estimates ean be obtained from the present data.

Estimation of magma density

To estimate density contrasts between various uncontaminated and contam
inated magmas in high-level crustal reservoirs the low pressure (1 atm.) densities
have been calculated for rock and glass compositions after the method of Bottinga
et al. (1982). A major uncertainty is the volatile content in the magma which is
known to have a substantial effect on the densities. Magma densities increase
markedly with increasing total dry pressure (e.g. Stolper et al., 1981), but this ef
fect has been negleeted for the present purpose.

In accordance with the calculations given by Sparks et al. (1980) and Stolper &
Walker (1980) on densities of basaltic melts, the picritic to olivine-poor tholeiitic
basalts from Disko (Type I and II) gradually decrease in liquidus melt density with
decreasing mg ratio, to a minimum represented by samples 113236 and 113328 with
d = 2.68. With increasing iron and titanium the density gradually increases to 2.70
2.71 (sample 113330 and picrite glass 136943).

The Kuganguaq Member melts are all markedly less dense than type I and II
magmas and would float on top of the latter. The type III samples have melt densi
ties in the range 2.63-2.64, and the melts representing their glass phases show sim
ilar values. Much lighter than these are the type IV rocks, which show liquidus melt
densities ranging from 2.56 to 2.53, and which would definitely float on type III
melts. The feldspar-phyric silicic basalts have similar densities to type III basalts
(2.63).

From the calculated densities it ean be concluded that once contaminated type
III basalts forrned from type I, they would accumulate in the roof zone of the cham
ber. Further, if magnesian andesites formed, they would definitely float on all
other magmas observed. However, there is as yet no positive evidence for the exis
tence of layered Kuganguaq Member magma chambers.

Evidence from volcanic eruption forms

The Kuganguaq Member volcanism deviates in eruption forms and lava morpho
logy from the Naujanguit Member picrites, which were almost exclusively em
placed as pahoehoe lavas (except where erupted into shallow water) and which
must have had a very low gas content. The type III basalt feeder dyke and its crater
structure shows evidence of low (~ 100 bar) primary volatile pressure in the
erupting magma which is considered typical for the majority of the type III rocks.
The occurrence of tuff units in the central crater area forms an exception to this
rule. Grain morphology shows that these tuffs were not erupted through phreatic
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activity. The presence of well-defined achneliths is typical of Hawaiian to Strombo
lian type eruptions (Walker & Croasdale, 1972; Heiken, 1974), and the tuffs may
therefore have been forrned from lava fountains. However, the tuff morphology,
and in particular the formation of a 3 m thick glass layer at the base, shows that
they are neither normal agglutinates nor secondary lavas, but unusual minor ash
flows. The small volumes involved and the small areal dispersal of the tuffs indicate
that only a minor part of the type III basalt magma body became gas enriched. The
mineral chemistry further shows that the gas enrichment did not change the t0

2
al

ready established in the magma, or the change did not last long enough to re-equili
brate the minerals. It is likely that the gas enrichment took place in the contact
zone to the contaminants from which the gasses were probably derived. Sandstones
and siltstones from Disko commonly contain between 5 and 15% COz (unpublished
data), and low pressure reaction between such sediments and a basaltic magma
would generate a carbon oxide rich gas phase, provided the sediments were poor in
organic carbon. The triggering of an eruption from the top zone of such a magma/
sediment contact could give rise to localized explosive activity. Most pyroclastic
flows are thought to be generated from a collapsing Plinian eruption column (e.g.
Sparks & Wilson, 1976; Sheridan, 1979), but no evidence of Plinian activity has
been found.

The low horizontal mobility of the ash flow compared to other ash flows (e.g.
Sheridan, 1979) could be due to combinations of (1) the small erupting volume, (2)
the lower solubility of gas in basalts relative to more evolved magmas and (3) the
much higher solidification temperatures for basalt compared to more acid magrnas.

The type IV andesites showevidence of a low magmatic volatile pressure. The
crater structures have not been localized but must be somewhere within the central
crater area, and the scarcity of andesitic pyroclastic material here, together with
lava morphology and petrography, show that the magmas must have been volatile
poor. In conclusion, the reactions between magma and the crust only locally led to
sufficient gas enrichment to allow explosive eruption, and less than 2 vol. % of the
Kuganguaq Member rocks erupted as pyroclastics.



COMPARISON AND FINAL CONCLUSIONS

In the preceding chapters the genesis of the Kuganguaq Member type III and IV
magmas has been narrowly constrained to a reaction between primitive picrite
magmas and a quartz-rich crustal contaminant, for which a Mesozoic sandstone
with some sulphur and minor organic carbon appears to be the most likely candi
date. Published work on shale xenoliths from Disko (e.g. Melson & Switzer, 1966;
Pedersen, 1979a) has shown that the magma-shale sediment reactions cannot be
described as simple mixing of components, but involve extensive equilibration re
actions at the magma-xenolith contacts. More detailed modeIling of the process
leading to the formation of the Kuganguaq Member rocks, which almost certainly
involved selective contamination (Watson, 1982), is not justified until detailed data
on sandstone and siltstone xenoliths from Disko have been obtained, and until a
parallel study of the related predominantly shale-contaminated, vo1canic rocks
from the Asuk Member has been carried out.

The Kuganguaq Member type III and IV rocks are unlike any modem igneous
rocks produced at constructive plate margins (e.g. Melson et al., 1976; Sigurdsson,
1981; Clague et al., 1981). However, they show considerable similarities to rocks
from two associations: (a) the boninite suite and high Mg andesites, (b) the
high-Mg continental dolerites.

(a) The magnesian basaltic to dacitic rocks collectively termed the boninite suite
have been reviewed by Cameron & Nisbet (1982) and Hickey & Frey (1982). The
very different tectonic environment, distinctly different trace element composition
(Hickey & Frey, 1982) and the more hydrous nature of the boninites (Walker &
Cameron, 1983) make it unlikely that the Kuganguaq Member rocks are genet
ical1y related to the boninites.

(b) High-Mg continental dolerites are found associated with the Bushveld com
plex (Davies et al., 1980; Cawthom et al., 1981; Sharpe, 1981) and are believed to
represent one of the two parental melts which formed that gigantic complex (Caw
thom & Davies, 1983). Comparable in a general sense to Kuganguaq Member type
III rocks are also such continental dolerites as the Antarctic diabases described by
Hamilton (1965) and the Tasmanian dolerites studied by McDougal1 (1962) and
Compton et al. (1968). These continental dolerites are considered to have been
contaminated by material from the continental crust (e.g. Philpotts & Schnetzler,
1968; Faure et al., 1974). The Kuganguaq Member type III and IV rocks are of con
siderable interest in this context because they provide an indisputable example of
the production of high-Mg silicic basalts and magnesian andesites from picritic par
ents through reaction with continental crust, and the example is strengthened by
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their field occurrence as a minor sequence of contaminated lavas enclosed in a ma
jor series of picritic parental type lavas.

Finally, this study has demonstrated that the partition of the redox-sensitive lith
ophile transition metals Cr and V between glass, olivine and chromite ean distin
guish redox-Ievels in quenched Vaigat Formation rocks. This will make possibie fu
ture estimates of indigenous reducing properties in crustal contaminants in many of
the contaminated lava series in West Greenland, and thus allow the recognition of
whether granite/gneiss, sandstone/siltstone or shale contaminations were dominant
in the crustal reservoirs.
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