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Abstract

The Gardiner intrusion is an ultramafic complex in the inner region of Kangerdlugssuaq fjord,
forming part of the East Greenland Tertiary Igneous Province.

The rocks of the intrusion ean be placed into three categories. (I) An older sequence is composed of
dunites, pyroxenites, and a narrow marginal zone of alkali rich rocks. The rocks of the marginal zone
consist of me!teigite where the bordering country rock is plateau basalt, and of contaminated rocks
where the country rock is the basement gneisses. The bordering gneisses have a narrow fenitized
zone. (2) A strongly alkaline and undersaturated dyke sequence comprises amphibole pyroxenites,
tawites, urtites, and sodalite, nepheline and alkali-feldspar syenites. (3) Ayounger sequence consists
of uncompahgrites (intrusive melilite rich rocks) and calcite carbonatite dykes. Parts of the uncom
pahgrite show layered accumulations of magnetite, perovskite and apatite on the one hand, and
melilite on the other. Massive aggregate concentrations of perovskite and magnetite are also recorded.
The intrusion of uncompahgrite and carbonatite has resulted in intense alkali metasomatism of the
rocks of the older and the dyke sequences.
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Fig. l. Aerial photograph ofthe central part ofthe Gardiner intrusion. d = dunite, p = pyroxenite, ad =
altered dunite and pyroxenite, phl = phlogopite zone, u = uncompahgrite, m = moraine (ef. plate I).

Scale - I: 30000. Copyright Geodetic Tnstitute, Denmark. (Published with perrnis ion A. 649/72).



INTRODUCTION

A previously unknown intrusion was discovered in 1971 by K. Vohryzka while
engaged in prospecting work for Nordisk Mineselskab. It was identified during a
reconnaissance flight into the innermost parts of Kangerdlugssuaq, a large fjord
on the east Greenland coast at latitude 68° N.

The intrusion is circular in shape and has a diameter of about 6 km. It is situated
between Gardiner Sø and Gardiner Plateau, a glacier plateau, at the south-we
stern edge of Kangerdlugssuaq Gletscher. It is exposed on the northern and
eastern slopes of the nunatak Anorerssuaq (2040 m), the last major nunatak a
gainst the inland ice capo The intrusion has been named Gardiner intrusion.

There is only a brief mention in the literature of the extraordinary ultramafic
rock types at Gardiner Plateau. Wager (1947) describes "a remarkable magnetite
tremolite rock" which he considers as belonging to the Archaean basement,
but which without doubt originated within the intrusion.

The Gardiner intrusion belongs to the East Greenland Tertiary Igneous Provin
ce. It is unique in the area, being composed predominantly of ultramafic rocks
with later intrusions of uncompahgrite and carbonatite.

The field work was carried out by the authors, with the assistance of G. Ma
lecki (Vienna).

Because of the short time available for field work, and the relatively poor
topographic control, the geological map presented must be considered a prelimi
nary one, and the description of the rock types merelya first characterization.

The first information about the Gardiner intrusion was given in alecture pre
sented at the 49th annual meeting of the Schweizerische Mineralogische und
Petrographische Gesellschaft in Neuchatel (Switzerland), October 1974 (Frisch &
Keusen, 1975).

GEOLOGICAL REVIEW OF TRE EAST GREENLAND
TERTIARY IGNEOUS PROVINCE

The Gardiner intrusion is one of several plutonic complexes occurring between
latitude 66° and 73° N, and forming part of the East Green1and Tertiary Igneous
Province. Plateau basalts of Lower Tertiary age cover much of the area between
latitude 68° and 71° N, and the Gardiner intrusion occurs near their southern
termination (fig. 2).

A brief summary characterizing the intrusions of the East Greenland Tertiary
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Fig. 2. Geological sketch map sJlOwing the southern partofthe East Greenland Tertiary Igneolls Provinee
between 66° N and 69° N, and the position of the Gardiner intJUsion. After Tectonic/ Geological Map of

Greenland (1970).

Igneolls Provinee is given by Haller (1971). Detailed studies were made on the
KangerdlllgsslIaq intrusion (Kempe, Deer & Wager, 1970; Kempe & Deer, 1970),
the Skaergaard intrusion (Wager & Deer, 1939), the Werner Bjerge intrusion
(Bearth, 1959), and the sllbvolcanics east of the Werner Bjerge (Kapp, 1960). The
age of these intrllsions is Lower Tertiary (Beckinsale, Brooks & Rex, 1970) and
several of the intrusions cut the Lower Tertiary plateau basalts.

The basement in the Kangerdlugssuaq region is made up of granitic to grano
dioritic gneisses which belong to the Nagssugtoqidian mobile belt (1800-1650
m.y.; Wager & Hamilton, 1964).
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GEOLOGICAL SURVEY OF TRE GARDINER INTRUSION

The rock sequences

The intrusion is ring shaped with a diameter of about 6 km (plate l). Onthe
aerial photograph (fig. 1) showing the central part of the intrusion, thecircular
outline of the rocks can be clearly seen.

The intrusion is made up of ultramafic rocks with the exception øf a narrow
marginal zone, and the majority of the dykes. The rocks can be divided into three
sequences, i.e. an older sequence followed by a related dyke sequence, and a
younger sequence (fig. 3).

The alkaline character of the intrusion is apparent in the rocks of the marginal
zone and the adjacent fenites, in the rocks of the dyke sequence, and in alkaline
metasomatism in the contact zones of the uncompahgrite bodies.

The rocks of the alder sequence make up the greater part of the intrusion. They
are disposed circularly, particularly near the centre of the intrusion where several
dunite and pyroxenite bodies form concentric rings. The outermost pyroxenite
zone and the contact of the intrusion against the country rocks appear to be
disordered in places. In the north-western part ofthe intrusion where the outcrops
are poor and most of the contact is covered with ice, the outermost pyroxenite
zone could not be found.

At the contact of the intrusion with the basaltic country rocks there is a margi
nal zone a few metres thick made up of melteigite. At the contact with the gneissic
country rocks of the basement, the rocks of the marginal zone are contaminated,
and the adjacent basement rocks display a narrow zone of fenitization.

!VOUNGER SEQUENCEIIOLOER SEQUENCEI ~

E
-~

dunlte } : .!, ~ uncompahgrite
I Calkail-metasomatlsml I_-:;~-----~t I o o '

py roxenlte : ~Q; / calclte carbonatlte
COUNTRY ROCKS t L -, E /f

basalts ~ meltelglte }o t_---------'
----------'" t ~g IOVKE SEQUENCEI

granltic _~ con tam I nated EN

gneisses _~ -- - - .. rocks
amphlbole
pyroxenlte

~
tawite

+
urtite

+
sodalite (nephelinel syeni te

~
alkali-feldspar syenite

Fig. 3. Scheme af the rock sequences af the Gardiner intrusion (cf. plate l).
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The dyke sequence intrudes the rocks of the older sequence, and in places cuts
the contacts with the country rocks and intrude a short distance into them. The
dykes are arranged concentrically Ol' radially with respect to the centre of the
intrusion. Most of the dykes dip very teeply but some relatively flat lying con
centric dykes dip 30-50° away from the centre. The large sodalite syenite dyke
within the outer pyroxenite zone in the oUlh-eastern part of the intrusion, is an
example of this type.

In composition the dykes range from ultramafic rocks to strongly alkaline and
lIndersaturated leucocratic syenites.

The younger sequence confined to the centre of the intrusion consists of un
compahgrite (plutonic rock mainly made up of meliJite; Larsen & Hunter, 1914).
This material forms two ring shaped bodies, the inner one being largely covered
by ice. The uncompahgrite affects the rocks of lhe older seqllence and the dyke
group by causing intense aJkali-metasomatism.

Genetically connected with the uncompahgrite are carbonatite (sovite, i.e. cal
cite carbonatite) dykes. These are rare and found only within the rocks of the
older sequence.

Fig. 4. View of the north·eastern part of the Gardiner intrusion. The contact of the intrusion is well
developed on the far side of Gardiner Sø. In front af Gardiner Sø dllnite borders against pyroxenite
(black) (al the right hand edge of the riClUre). In lhe foregrolInd is alllo-metasomatically innuenccd
uncompahgrile.
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Fig. 5. Sharp conlacl of
melanocratic contaminated
marginal zOne rock against
fenilized gneissic counlry rock.
The fenite zone (f) is narrow and
grades inlo unafTccled gnei ic
material. Localily: contact east
ofGardiner Sø (lig. 4). Lenglh of
hammer: 30 cm.

The contacts of the intrusion with the country rocks

The contacts of the intrusion are vertical in the region of Anorerssuaq. At all
other exposed localities the dip of the contact is away from the centre at angles of
about 35-50°.

The contact with the Tertiary ba alts, which appear unaffected by the intrusi
on, ean be seen at Anorers. uaq. The contact with the Archaean gnei ·ses ean be
studied east of G<.Irdiner Sø (tigs 4 <.Ind 5).

Generally the zone of fenitization in the gneisses around the intrusion is nar
row. Here, however, the fenitization is macroscopically recognizable in the gneis
ses for a di tance of 0.5-1 m from the contact, by the growth of aegirine-augite,
amphibole, biotite, ca!cite, and albite.

The reason that the contacts of the intrusion generaIly dip outward is possibly
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Fig. 6. Recon tmction of the
Gardiner intm ion subsequent to
emplacement.

that today's land suJfaee euts the intrusion at a high level (fig. 6). It is suggested
that the land suJface whieh developed on the Tertim'y basalts was approximately
5000 m above today's sea level, the total thickness of the basalts in the Gardiner
area being between 3000 and 4000 m (Wager, 1947, p. 37). Drawing a chematie
diagram of the intrusion and placing it in relation to the suggested land urfaee
during the time of emplaeement, gives an intrusion depth of between I and 1.5
km. Today's erosion surface in the centre of the intrusion would thus be 2-2.5
km beneath the culmination point of the intrusion cupola.

The age of the Gardiner intrusion

Although it cuts the Lower Tertiary plateau basalts, the intrusion itself is cut by
younger doleritie and ultramafic dykes. As the age of the younger dykes is not
known, the intrusion can only be dated as po t-basaltic.

The yenitic intrusions of the Kangerdlugssuaq region post-date the formation
af the coastal flexure and its dykes at least in part and are therefore younger than
the ba ic Skaergaard intrusion which pre-dates the coastal dyke swarm but
post-dates the plateau ba alts (Haller, 1971). Biotite from the syenitic Kanger
dlugssuaq intrusion yielded a Rb-Sr age of 49 ± 2 m.y. (Hamilton, 1966) which is
early Eocene. If the acid plutons are considered to mark the end of the Tertim'y
igneous activity as suggested by Haller (1971), the Gardiner intru ion ean be
as umed to have been emplaced about lower Eocene Ol' upper Paleocene time.

Structural relations

The Kangerdlugssuaq region is marked by a NNW-SSE striking fault system
running parallel to the fjord (Brooks, 1973) and at approximately right angles to
the northern part of the eoastal flexure which bends at the mouth of Kangerdlug-
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ssuaq (fig. 7). The majority of intrusions so far known in the southern part of the
East Greenland Tertiary Igneous Provinee are restricted to the immediate vicinity
of the coastal flex ure or, like the Gardiner intrusion, to the Kangerdlugssuaq fault
sy tem. Several important intrusions, i.e. the Kangerdlugs uag intrusion, the Kap
Edvard Holm intrusion, and the Skaergaard intrusion, are situated in the area
where the coastal flexure bends and where the Kangerdlugssuaq fault system
joins it (fig. 7). Both the coastal tlexure and the Kangerdlugssuaq fault system
have been active in Lower Tertiary time. There is a clear relation in space and in
time between the tectonic and the igneous activity.

The Gardiner intrusion itself is cut by a major fault traced by the long axis of the
Gardiner Sø (plate I). This fault strikes in a NW-SSE direction and raises the
eastern part of the intrusion, Ol' displaces it to the sOlIth. Although it has been
active since the intru ion was emplaced, it probably predates the intrusion. The
existence of the fault is inferred because of the incompatibility of the geology to
the east and west of Gardiner Sø. At the south-east end of the lake, the continlla
tion of the fault is indicated by a shattered zone some 10m in thickness within the
Archaean basement rocks.

The Gardiner Sø fault strikes 150° Ol' 160°. It theoreticaI continuation to the
south-south-east wOllld meet the contact of the Kangerdlugssuaq intrusion west
of Kangerdlugssuaq Tinde. lt should be noted that there is a dyke swarm running
parallel to the Gardiner Sø fault and clltting the rocks of the Kangerdlugs 'uaq
intrusion (Wager, J947, p. 43). These dykes run at right angles to the coastal dyke
swarm and parallel to the fjord Kangerdlugssuaq.

Kongerdlugssuoq

Atlantic Ocean

o. 50.
km

100.

Fig. 7. Sketch showing the structural
relations in thc Kangerdlugssuaq region.
eoastal flexure and dyke swarm afler
Wager (1947).

___~ Strike at coostol floure and Kongerd·
~ lugssuoq foult system, generally in

dicoted by dyk. inlrusions

~\ rertiorr intrusiv. centres
~~;,
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Apparent displacement ofthe contact rocks in the southern part ofthe Gardiner
intrusion suggests the presence of a second fault. This fault, hidden beneath the
glacier, may well be responsibie for the country rock - dunite contact in the
north-western part of the intrusion. This fault would strike parallel to the Gardi
ner Sø fault, and to the Kangerdlugssuaq fault system.

TRE PETROGRAPRY OF TRE GARDINER
INTRUSION

The rocks of the older sequence

Dunite

The dunites are the oldest rock type of the intrusion and comprise the greater
part of it (plate 1). In the central part of the intrusion there are two or three
concentric pyroxenite rings alternating with the dunites. Most of the central
dunites have been replaced or metasomatically altered by the uncompahgrites.

The dunites show 1ittle variation throughout the whole series, except where
metasomatically altered.

Table l. Modal analyses o/ dunites o/ the Gardiner intrusion

Sample no. 2535' 2534 2512 2551+ 2531' 2530 2529 252S' 2527 2501+ 2547+

Olivine (forsterite) .. 70 77-8S 64 97 S6 93 91 S2 S2 S6 94
Crysotile-a ......... + 30 I 1 4
Diopside ........... 1 4-12 1 + 2 2 10 10 4 +
Amphibole ......... I + 3 + + I
Phlogopite ••.••.. o. S 2-3 2 2 1 1 1 2
Magnetite .......... IS 5-10 3 3 4 5 3 4 4 6 6
Magnetite as oriented

intergrowths ...... + ~1 ~1 ~1 -2 ~2 -I
Perovskite ......... 2 ;:::;1 + 1 +
Calcite ............. + I +
Apatite ............ +
Melilite ............ +

central part of dunite zone marginal part

Modal analyses in volume per cent
+ rocks unaffected by contact metasomatism
, chemical analysis available in table 19
Sample 2534 shows the modal range of three samples
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The composition of the olivine is strongly forsteritic. From whole rock compo
sitions, and universal stage measurements, values of F090-92 have been estab
lished. X-ray determination of 26 olivine samples after the method of Yoder &
Sahama (1957) yielded no change in olivine composition in the dunites throughout
the intrusion.

Serpentinization has been weak. Only one sample (2512*; table 1) could be
found showing considerable amounts of paIe green chrysotile with a typical
mesh-texture. The serpentinization begins along cracks showing a preferred ori
entation, and does not correlate with the intensity of alkali.metasomatic alteration
caused by the younger uncompahgrite intrusion (see later).

Clinopyroxene may form up to 10 per cent of the dunites, and partly replaces
olivine. The pyroxene is a diopside similar to that encountered in the pyroxenites
(see next section). Universal stage measurements on a zoned sample are given
below.

Innermost core (only partly developed)
Coloured core
Colourless rim

2Vy = 53°
2Vy= ±58°
2V y = 60--62°

The coloured core with a larger extinction angle (y: c) appears to be alittie
richer in Fe+2 than the rim.

In several thin sections some accessory amphibole has been identified showing
euhedral to subhedral outlines. It is restricted to the vicinity of magnetite and
pyroxene and replaces olivine and pyroxene. The colour of the amphibole is
reddish brown of medium intensity in the core and paIe yellowish or greenish
brown to colourless (transitions) in the rim. It has a large axial angle (2Va - 80°),
and is considered to be kaersutite or titanian hornblende in the cores with a
transition to titanium-free varieties in the colourless rims. The amphibole present
in both dunites and pyroxenites shows no correlation with alkali-metasomatism,
and is hence thought to be primary. Only the paIe rims may have been subject to
metasomatic alteration.

Alkali-metasomatized dunites in the contact zone
of uncompahgrite

In the contact zone around the uncompahgrites the dunites are affected by
alkali-metasomatism. Alteration has been particularly strong in the zone between
the central and the outer uncompahgrite bodies. The metasomatic solutions have
apparently used the pre-uncompahgritic dykes as channels of ascent thereby alte
ring dunites in the outer parts of the intrusion, e.g. north-north-west and west of
the great bay of Gardiner Sø.

* Sample numbers are those used in the field. For localities, see fig. 35. A representative col1ection is
held by the Geological Survey of Greenland.
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The rock types considered in this section are only dunites which have remained
c\unites in spite af alteration. Between the two uncompahgrite bodies there are in
addition many rocks in which the original mineral assemblage is paltly Ol' com
pletely destroyed and replaced by other minerals.

The alkali-metasomatically altered rocks are characterized by an abundance of
accessory minerals. The presence of perovskite, calcite, and in one case melilite,
indicate that the intrusion of the uncompahgrite i responsibie for the alteration
process. The overall appearance af phlogopite in the altered rocks underline the
alkaline character of the metasomatic process.

Only three ofthe investigated samples listed in table 1 (2501,2547,2551) have
remained unaffected by the metasomatic processes (see also table 2).

Phlogopite is the mo t sen itive mineral LO the metasomatic effects. It rims
magnetite and grows at the expense of olivine, diopside and amphibole. It may
occa ionally form large poikiloblasts (samples 2534, 2535) (fig. 8).

Fig. 9. Dendritic magnetitc
within olivine (forsterite). Black:
magnetite. Metasomatically
slightly intlllenced dunite. Thin
section of sample 2527, parallel
nicols.
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Table 2. Several alkali-metasomatic alteration degrees deducedfrom the mineral
assemblages in the dunites

Minerals grown due to alkali-metasomatic alteration

Phlogopite Additional Perovskite Amphibole
magnetite (paie to colour- alteration

Sample no. less variety) degree

2501 ........ no metaso-
2547 ........ matie alter-
2551 ........ ation

2512 ........ + beginning to

2529 ........ + (+) dr (+ ) slight meta-
2530 ........ + (+) dr somatic alter-

ation
2528 ........ + (+) dr + (+)
2527 + (+) dr + +
2531 + (+) dr + ++

2534 +(+) + r + (+) increasing
2535 ++ ++ (r) ++ + alteration

(+) = slight, + = medium, + + = strong increase (relative)
Magnetite: besides intergranular magnetite some intragranular magnetite
occurs as: d dentritie intergrowths, r oriented rods in olivine

The phlogopite varies in the intensity of its colour from sample to sample, and
may have colourless rims, probably poorer in iron than the typical paie yel
low-brown cores. A paie green low birefringent variety was recorded in some
samples.

With increasing metasomatic influence in the dunites, the amount of magnetite
increases. In the unaltered dunite patches or octahedra of magnetite occur.

In slightly altered dunite (samples 2527-31) additional magnetite occurs as
oriented intergrowths within olivine. This may be either as dendritic intergrowths
(fig. 9) or as rods 0.02-0.04 mm in length and oriented parallel to the b and c
crystallographic directions in the (001) and (100) planes respectively.

The magnetite intergrowths could be considered as exsolution products formed
during cooling of the olivine (Deer, Howie & Zussman, 1964, pp. 1-6). It is more
likely, in view oftheir absence from unmetasomatized rocks, that they have been
formed by oxidation processes associated with the alkali metasomatism.

In the more strongly affected dunites (samples 2534, 2535) the magnetite cry
stallizes to coarser patches. The strong increase in the proportion of intergranular
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magnetite to 15-20 volume per cent ean only be explained by the introduetion of
iron during metasomatic alteration.

The occurrence of perovskite in the metasomatically influenced dunites repre
sents a somewhat higher degree of alteration. It always accompanies magnetite as
narrow seams and forms anhedral or subhedral grains with typical polysynthetic
twinning.

In one sample a large grain of melilite was found (sample 2527) and in another
apatite was noted (sample 2531). Some calcite mayaiso be present. These mine
rals are considered as a produet of metasomatism.

With the beginnings of metasomatic alteration in the dunites, recrystallization
occurs. The grain size of olivines (and pyroxenes) increases from 0.5-3 mm to
5-20 mm. In more strongly affected rocks (samples 2534, 2535) replacement of
olivine by~econdary minerals results in a decrease in grain size (fig. 8), although
many small crystals are frequently in optical continuity indicating an originally
larger crystal. Table 2 summarizes the effect of increasing degrees of alteration on
the dunites.

Pyroxenite

Pyroxenite occurs in the outer parts of the intrusion, where it is strongly deve
loped in the south-east, weakly in the south and south-west, and apparently
absent in the north-west. It also occurs in the centre of the intrusion as two or
three concentric rings partly replaced by uncompahgrite.

The boundaries between pyroxenite and dunite are in all cases sharp on a
macroscopie scale although in certain samples there is an increase of diopside in
the dunites and of olivine in the pyroxenites (up to 10 vol. %) as the boundary is
approached (tables 1 and 3). In most pyroxenites olivine is absent or occurs as an
accessory phase.

Table 3. Modal analyses ofpyroxenites

Sample no. 2546 2516 24% 2484-

Diopside ••••••••••••••••••••••••• 0.0 ••••••••••••••• 91 83 85 94
Olivine (forsterite) ••••••••••••••••••••••••••••••• o •• 3 10 1
Amphibole ......................................... + 2 + +
Biotite •••••••••••••••••••••••••••••••••••••••• 0·0 •• +
Magnetite •••••• •••••••• 0.0 ••••••••••••••••••••••••• 8 10 3 5
Magnetite as rods in diopside ••••• 0.0 ••••• ' •••••••••• -1 -2 -2 +

central
part of intrusion

-For chemical analysis see table 19.

marginal



number of cations
on the basis of 6

oxygens

Si 1.91 2.00
AI 0.09

AI 0.02 lTi 0.02
Fe+3 0.05

J
Ul

)
Fe+z 0.15
Mg 0.87 1.98

Ca 0.84 } 0.87
Na 0.03
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Table 4. Wet chemical analysis of diopside of the pyroxenite

wto %

SiOz 51.90

TiOz 0.90

Ah03 2.56

FeZ03 1.90

FeO 4.85

MnO..................... 0.13

MgO..................... 15.80

CaO 21.25

NazO 0.46

KzO 0.01

PZOs 0.06

HzO+ 0.17

99.99

Sample 2484
Analyst: W. Frisch

The main constituent of the pyroxenite is a very paIe greenish yellow diopside.
The diopside shows twinning on (100) and may show slight compositional zoning.

A chemical analysis of a typical pyroxene is given in table 4. The composition is
in close agreement with that estimated from the optic axial angle (table 5).

Reca1culating this analysis gives a pyroxene of the folIowing composition
(magnetite impurity eliminated):

(Nao.03 Cao.85)o.88 (MgO.87 Fe+20.14 Fe+30.03 AJo.o3 Tio.o2)1.09 [(Si1.92 AJo.o8)2.00 06],

i.e. En

Fs
Wo
Ae

45.3 mol. % or (without aemite):

7.3 mol. %
44.3 mol. %

3.1 mol. %

En 46.8 mol.%
Fs 7.5 mol. %
Wo 45.7 mol. %

Olivine occurs as subhedral to euhedral grains, enclosed and partly replaced by
poikilitic pyroxene. The composition of the olivine is identical to that of the
olivine from the dunites.

Amphibole is ubiquitous as an accessory phase, forming up to 2 per cent of the
rock. It patchily replaces thecores ofpyroxene, and grows with the same orienta-

2 Bulletin nr. 122
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Table 5. Axial angles 2V y of diopside of the pyroxenile

Sample no.

2516 ..................•......................•........
2496 _ .
2484 _.

Universal stage mea~urements

2Y y

53-54°

53-54°
51_52°

2Yy in rim of zoned
crystals

56-57"
53-54°

tion as the host. The amphibole is a dark reddish brown with a large axial angle
(2Va - 80°) and i probably kaersutite with less intensely coloured, titanium
pOOl-er fim .

Magnelile (3-10 vol. %) forms euhedra within the diopside grains Ol', more
commoni y, it is interstitial. The bulk of the magnetite has grown after the pyrox
ene.

The repJacive nature of much of the magnetite, and the higher magnetite con
tent of the rocks of the central part of the intrusion, uggest that, as with the
dunites, much of the magnetite has been formed under metasomatic conditions.
Reaction 'seams' of amphibole and anatase, between metasomatic magnetite and
magmatic olivine suggest disequilibrium. Magnetite also occurs as rods within the
diopside. These rods are oriented along the c axis of the host in the (l IO) plane
and along the a axis in the (00 l) plane (fig. IO). As with the dunites, the magnetite
rods are considered to be the producl of oxidation and alteration af the primary
diopside caused by a metasomatic process, rod being rare in the unaffected
rocks. A narrow rim of magnetite free pyroxene occurs, a feature also noticed in
the olivine of the dunites.

Fig. IO. Magnetite rods within
diopside. Black: magnetite.
Metasomatically slightly
int1uenced pyroxenite. Thin
section of sample 2516. parallel
nicols.
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Apart from the occurrence of increased amounts of magnetite, and a certain
amount of recrystal1ization, there i little mineralogical evidence for metasoma
tism. The pyroxenites are obviously less prone to alteration than the dunites.

The marginal zone

Between the outer pyroxenite zone and the country rocks a narrow marginal
zone is developed. This zone is made up of melteigites where the adjacent rocks
are the Tertiary plateau basalts. The rocks change their com position due to con
tamination where the zone borders against the basement gneisses. The gneisses
are themselves weakly fenitized.

In the fieId, the rocks of the marginal zone are recognizable by the presence of
fel ic minerals, the dominant mafic mineral being pyroxene.

The marginal zone has been found north-east and south-east of Anorerssuaq,
and on both sides of Gardiner Sø. Thickness varies from les than l m to several
metres. LocaJly, lenses of melteigite occur a few metres Ol', occasionally, some
distance from the contact of the intrusion within the outer pyroxenite zone. These
lenses are up to a few metres thick.

Generally , the rocks of the marginal zone (including the melteigite lenses) grade
into the bordering pyroxenites.

The relationships between the composition of the marginal zone rocks and the
adjacent country rocks is shown in table 6 where the modes of eleven samples
taken from six different locaJities are displayed.

Melteigites and contaminated marginal zone rocks will be described separately.
The most conspicuous differences between the two groups is the presence of two
pyroxenes, one of which i aegirine-augite, in the melteigites, and the presence of
feld par (and quartz) instead of sodalite and nepheline in the contaminated rocks.

Fig. II. Zoned pyroxene with
diopside core and aegirine-augite
rim. the inner part of the rim
(dark) being richer in the acmite
componenl than the oUler part.
Zeolite and one apatite crystal.
Melteigite. Thin section af
ample 2485. parallel nicols.



Table 6. Modal analyses, colour indices, and relationships to the country rocks ofthe different rock types comprising the
marginal zone

tv
Melteigites Contaminated marginal zone rocks o

Sample no. 2485-1 2485-2 2504-1 2504-2 2500* 2490--1 2490--2 2569-1 2569-2 2498*-1 2498-2

Diopside ................... 24.5 32 49 40 0.5 56 49 12.5 28 8 6
Aegirine-aug\te ............. 39 29 18 19 45 (+ )
Amphibole ................. 10.5 18.5 9 4.5 38 17 18.5 7.5
Biotite ..................... + 5.5 7.5 8 + 5.5 3.5 + 3.5 0.5 1
Chlorite and biotite

alterations ............... 1.5 1.5
Sphene .................... 9.5 4.5 + 1 1 11.5 2.5 1.5 0.5
Magnetite .................. + 3 5.5 4.5 + 16.5 11 16.5 13 6 4.5
Apatite .................... 2.5 1 1 3 2 2 0.5 1.5 2 1 0.5
Calcite .................... 3 0.5 (+)
Sodalite ................... 6 6 14 + 0.5
Nepheline •••••••• 0.0 •••••• 15.5 14 14 8 +
Natrolite and other

zeolites (secondary) ....... 8 3.5 5 11.5 8 0.5
Plagioclase ................. (+) 11 30 18 24 64.5 79
Quartz .................... 0.5 8.5

Colour index ............... 86 75 81 74.5 70 89 69.5 82 67.5 35.5 20
Matic silicates omitting

sphene 0.0 ••••••••••••••• 74 66.5 74.5 67 64 70.5 57 52 50 27 14.5

Bordering country rock
Pyroxenite

Plateau basalts Weakly fenitized gneissesof intrusion

* For chemical analyses see table 19

Sample 2485. Lens within pyroxenite some distance from contact of intrusion
Sample 2504. Marginal zone in contact with plateau basalt of Anorerssuaq
Sample 2500. Marginal zone in contact with plateau basalt and bordering gneisses south-east of Anorerssuaq
Sample 2490. Marginal zone in contact with gneisses, west of large bay in Gardiner Sø
Sample 2569; Marginal zone in contact with gneisses, east of Gardiner Sø
Sample 2498. Marginal zone in contact with gneisses, at the southernmost tip of the intrusion
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Table 7. Acmitic portion of the pyroxenes in melteigite

Sample no.

Core (diopside) .
Outer core .
Transitional zone (frequently narrow) .
Inner rim .(narrow) .
Rim or whole crystals .

2485

-5
(10-15)
30-40

(60-70)
50-65

2504

-5

(10-20)

30-40

2500

25-30

30-45

Optical determination of a :c and 2V
Values in parentheses are of zones which may not always be developed
Mol. % acmite

Melteigite

The primary pyroxene, diopside, similar to that in the pyroxenites, has been
rimmed by aegirine-augite forming phenocrysts some 10 mm in length (fig. ll).
Discrete, smaller crystals of aegirine-augite are also frequently present. The aegi
rine-augite rims of the phenocrysts are themselves zoned, and may possess a
narrow inner zone more acmitic than the bordering outer zone (fig. 11). Samples
taken from a lens within pyroxenite (e.g. sample 2485) show a higher acmite
component in their rims (table 7).

Amphibole, where present, is of different composition to the amphiboles of the
contaminated rocks. The amphiboles exhibit strong zoning obvious from their
colour and the optic axial angle (table 8).

From the optical data (colour, 2V, a:c, å), the amphibole is an arfvedsonite
with a high MgFe+3/Fe+2 Fe+3 ratio (magnesio-arfvedsonite) decreasing towards
the rims.

Except for a few sporadic flakes ofbiotite when amphibole is present, these two
minerals are mutually exclusive in the melteigites. The titanium content of the
biotite depends on the presence of sphene. In rocks containing sphene (sample
2485) the biotites possess olive-brown colours (y) indicating a high Fe+3/Ti ratio,
whereas biotites of rocks containing no sphene (samples 2504, 2500) have an
intense brownish red colour indicating a high Ti content.

Amphibole and biotite replace both pyroxenes. At the reaction borders of
biotite with aegirine-augite small granules of magnetite/hematite may be present
as aresult of excess Fe+3 originating from the acmitic pyroxene.

Apatite, magnetite, and at least a part of the sphene are early formed phases.
Around large magnetite patches included in the pyroxene, the diopside has been
altered to aegirine-augite.

The wedges between the matic minerals are filled by sodalite, nepheline, and
secondary natrolite. Sodalite contains numerous fine unidentifiable particles pro-
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Table 8. Absorption colours and optic axial angles ofamphibolesfrom melteigites

Sample 2485-1 a f3
Colour parallel to

y 2Vex

Core light yellowish
brown

Rim . . . . . . . . . . . . paie yellowish
brown

Sample 2500

Core light yellowish
brown

Rim paie brownish grey
to nearly colourless

Outermost
rim (narrow)

dark greyish brown
to purplish grey
(bluish) green

yellowish brown to
purplish brown

dark brownish grey

colourless

brownish green

(bluish) green

brownish green

green

60-70°

similar

62°

38°

50-600 (?)

bably derived from unmixing. Parts of the sodalite and nepheline are altered to
natrolite.

The felsic minerals are the youngest components and react 'with apatite, aegiri
ne-augite, amphibole, biotite, and in part, sphene and magnetite.

The melteigite with its complex mineral assemblage is the produet of a residual
fraction of the magma. The early crystal1ization of diopside, the replacement by
alkali pyroxenes and amphiboles, and the transitional borders to the pyroxenites
indicate that the melteigites represent a part of the pyroxenite zone in which the
volatile-rich, highly oxidized and alkaline residue of the dunite and pyroxenite
producing magma has become concentrated.

Contaminated marginal zone rocks

Contaminated marginal zone rocks occur at all contacts with the gneisses of the
basernent. They range from melanocratic to leucocratic types (table 6), the leu
cocratic types being the more acid and more strongly contaminated.

The contaminated marginal zone rocks exhibit essential differences in chemi
stry and mineralogy to the melteigites as the result of an exchange of elements
with the gneissic country rocks, which themselves are fenitized within a narrow
zone. Despite this the contact between marginal zone rocks and gneisses is a
sharp one (fig. 5).

The principal differences between the contaminated marginal zone rocks and
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the melteigites are: (a) there is no aegirine-augite in the contaminated rocks; (b)
the amphibole is not arfvedsonite but hastingsite or kaersutite; (c) there is a higher
proportion of magnetite in the contaminated rocks; (d) the felsie minerals of the
contaminated rocks are plagioclase and, in places, quartz (for modal compositions
see table 6).

Diopside is present in the contaminated marginal zone rocks as long prismatic
phenocrysts exhibiting euhedral to subhedral outlines against plagioclase and
quartz. At times it shows patchy extinction, lowered birefringence and anhedral
outlines, suggesting that it is out of equilibrium with its surroundings.

The composition of the amphibole depencts on the presence of sphene. Where
sphene is absent or present as an accessory mineral only (samples 2490 and 2498),
a brown amphibole rich in Ti occurs: kaersutite. In the presence of sphene (sam
ple 2569), it is a green variety poor in Ti: hastingsite, the cores of many crystalS
having a somewhat higher titanium content than the rims.

Homoaxial intergrowths of relic diopside with amphibole are frequent, but are
more common with hastingsite than with kaersutite.

As with the amphibole, the Ti contents of the biotite is variable. A dark reddish
brown (y) Ti-rich biotite occurs with kaersutite, whereas a dark brown to olive
Ti-poor biotite occurs with hastingsite.

Magnetite is present as small crystals within diopside or, more frequently, as
large aggregates in wedges between diopside crystals. A remarkably high propor
tion of magnetite occurs in samples 2490 and 2569 (10-17 vol. %).

Sphene occurs as 'seams' around magnetite but only where it is in contact with
later formed amphibole. There are also large poikiloblasts of sphene in sample
2569 intimately associated with both magnetite and amphibole. Where amphibole
and biotite are Ti-rich sphene is an accessory phase or absent.

Plagiociase occurs as large poikilitic crystals 5 mm across surrounding all mafic
minerals (samples 2490 and 2569). In sample 2498 plagioclase forms large tabular
or thiek prismatic crystals.

The plagioclase is an oligo-andesine (A028-33) zoning to oligoclase rims (A025-27).
Twinning is common after the albite, Carlsbad, Roe Tourne, and occasionally the
pericline laws.

Plagioclase and quartz have reacted with all of the mafic minerals and preferen
tially replace diopside and amphibole. Quartz, found in two thin sections, frequ
ently occurs together with biotite and replaces it intensely. It mayaiso replace
plagioclase.

Fenite

Fenites are found in a narrow zone in the gneissic country rocks at the margins
of the intrusion. From field observations this zone would appear to be restricted
to a thiekness of 0.5-1 m (fig. 5).
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The unaltered country rocks are granitic or granodioritic gneisses with about a
quarter to a third quartz in the mode. Plagioclase is oligoclase to andesine, ortho
clase is converted to microcline. Mafic minerals constitute about IO per cent of the
rock. An analysis of a similar granodioritic gneiss is given by Wager & Deer (1939)
from the vicinity of the Skaergaard intrusion. This analysis is listed in table 19,
and the rock is plotted in figs 27-31.

The fenites are characterized by the growth of aegirine-augite, Na-Mg-amphi
bole, biotite, calcite, and albite, and by the disappearance of quartz. Albite grows
at the expense of quartz, alkali feldspar (chessboard albitization), and plagioclase.

The minerals which grew during the fenitization process are arranged in clu
sters, bundles and aggregates.

Without doubt, an exchange of elements has taken place between the intrusive
body and the country rocks.

The contamination process

The variations in the composition of the rocks of the marginal zone are depen
dent on the composition of the adjacent country rock.

From the chemical analyses (table 19) and the modes ofthe marginal zone rocks
and fenites, some conclusions can be made concerning the exchange of elements.
Both Si and Al have been introduced into the marginal zone from the bordering
gneisses and there is significant migration of Ca, Mg, and Na into the fenitization
zone of the country rocks.

Comparing the modal analyses of the majority of contaminated marginal zone
rocks with those of the melteigites, it can be seen that there is a general decrease
in Na in the contaminated rocks. There is strong evidence for the introduction of
Na into the country rocks, both from the compositions of the minerals forrned
during fenitization, and the high Na content of the fenites (8 wt. % NazO).

In general it can be established that the process:

aegirine-augite + nepheline (sodalite) + Ah03 + Si02 ~. plagioclase An± 30 (+
quartz) + magnetite + Na20 + CaO + MgO

is valid for the formation of the contaminated rocks. The left hand side of this
equation represents a partial mineralogy of the me1teigites, plus the elements
which have been introduced into the marginal zone by contamination (Al, Si). The
right hand side represents a partial mineralogy of the contaminated marginal zone
rocks, plus the elements which have migrated into the gneissic country rocks and
caused fenitization (Na, Ca, Mg, and some of the Fe).

The equation is derived from the mineralogical observations in the marginal
zone rocks and the fenites, and is confirmed by the chemical analyses (table 19).
The right hand side reflects the mineralogical characteristics of samples 2490 and
2569: lack of aegirine-augite, presence of plagioclase (oligo-andesine), some
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quartz, and abundance of magnetite. For sample 2498 which is extremely rich in
plagioc1ase but does not bear free quartz, introduction of greater amounts of Si02
and Ab03 is necessary which is in accord with the chemical analysis of this
sample when compared with that of the melteigite (table 19).

The process of exchange of elements occurred as areaction between the still
liquid residual fraction of melteigitic composition (diopside probably being al
ready crystallized) and the gneissic country rocks. The exchange of elements
only occurred over distances of the order of a few metres.

The rocks of the dyke sequence

A variety of dykes cut the rocks of the older sequence, and some cut the
contacts of the intrusion with the country rock, as seen in the south and
south-east of the intrusion. Nearly all the dykes are either concentric or radial.

There are both melanocratic and leucocratic types of dykes. The melanocratic
dykes are amphibole pyroxenites and tawites, and the leucocratic ones are urtites,
sodalite (and nepheline) syenites, and alkali-feldspar syenites. These leucocratic
dykes together with parts ofthe contaminated marginal zone are the only1eucocratic
rocks of the intrusion.

The dykes are characterized by the predominance of sodium over potassium.

Amphibole pyroxenite dykes

These are three parallel radial amphibole rich pyroxenite dykes south-east of
Ringgletscher within the dunite zone. They stand out c1early on aerial photo
graphs and in the field are nearly black in colour. Their continuation to the
north-north-west into the second pyroxenite ring is uncertain.

The dykes are composed of diopside, brown amphibole, and minor amounts of
magnetite (table 9).

Diopside corresponds in its optical properties to that observed in the pyroxenite of the older
sequence. The crystals are prismatie and up to 1 cm in length.

Brown amphibole (y = 13 = yellowish brown, o: = paIe yellowish brown) occurs as euhedral

Table 9. Modal analysis of amphibole pyroxenite

Sample 2537

Diopside .
Amphibole .
Biotite .
Magnetite .
Apatite .

48 voI. %
38
+
12
2
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crystals. It appears to replace diopside, replacement occasionally occurring in the cores of the

diopside grains.
Biotite, an accessory phase, occurs in association with magnetite. It replaces bordering diopside

and amphibole. Some biotites show zonation with light reddish brown cores grading through a yellow
ish brown transition zone into nearly colouriess rims.

Magnetite occurs as inc1usions in diopside and amphibole. Large c1usters of anhedral magnetite
occur in the interstices of the rock.

Apatite, which seems to have crystallized after diopside, is present as prisms, mostly fractured, up
to l mm in length.

Tawite dykes

Several tawite dykes cut the rocks ofthe older sequence near its centre. All the
tawite dykes have been found within the dunite zone, but it is possibie that the
dark tawites have been overlooked within the dark pyroxenite. (The same may be
true for amphibole pyroxenite dykes.)

The dykes are about l m in thickness. Two concentric dykes west of Ringglet
scher dip away fromthe centre, whereas south-south-east ofRinggletscher parallel
concentric dykes of tawite dip steeply towards the centre.

The tawites are fine-grained and of dark grey colour stippled with sodalite, the
only light constituent.

In thin section, the mafic minerals occur embedded in minerals of the sodalite
group. Pyroxene and amphibole show a preferred orientation, probably as aresult
of flow during intrusion of the dyke. The modal compositions of two tawites are
listed in table 10. The rock differs somewhat from the original tawite from the
Tavaiok valley, Kola Peninsula (Troger, 1969, p. 260). The main difference is that
the tawites of the Gardiner intrusion contain pyroxene less sodic in composition.
Nevertheless, the name is considered to be applicable to the rock in question.

Pyroxene, the main matic constituent, is a paie yellowish green diopside or diopsidic augite. The
grain size of the pyroxenes tends to be less than l mm in length, and due to replacement by other
minerals they rarely show euhedral outline.

Table 10. Modal analyses o/ tawite dykes

Sample no.

Pyroxene .
Amphibole .
Biotite , .
Apatite .
Magnetite .
Sphene .
Sodalite .
Zeolite .

* For chemical analysis see table 19

2511

26 vol. %
17.5
2.5
3
9

(+)
41.5
0.5

2522*

30 vol. %
3.5
9.5
l
8

14
34
(+)
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Amphibole (ygreyish brown, f3 dark greyish brown, C< pale yellowish brown) tends to partly replace
pyroxene. It occurs as crystals, up to 3 mm in length, including drop-Iike pyroxenes, apatite and
magnetite (e.g. sample 2511). Amphibole itself may be extensively replaced by sodalite, and has a
skeletal appearance (e.g. sample 2522).

Biotite partly replaces amphibole. Its colour is an intense yellowish brown in thin section with a
distinct tinge of red. Some crystals have nearly colourless, possibly phlogopitic rims. In certain of the
biotites the reddish core contains sagenite needles.

Sphene is a major constituent of sample 2522 (14 vol. %) where it occurs as subhedral poikilitic
crystals of about l mm in length. It may also form narrow continuous 'searns' around magnetite. It is
interesting that sample 2511 contains no sphene (only some negligibIe leucoxene). Titanium is restric
ted to amphibole and biotite in this rock.

Magnetite forms aggregates with partly euhedral outlines. It may be included in pyroxene, either
rarelyas single crystals, or very rarely, as oriented rods.

Minerals of the sodalite group are the youngest constituents and fill the intergranular space. In
sample 2522, two generations can be distinguished both in thin section and by X-ray diffractometry.
The powder diagram shows well developed peaks cIose to the values of pure nosean or haiiyne with a
minor shift towards the sodalite component. Less intense peaks correspond to sodalite proper. In thin
section, clear grains with some tendency to euhedral outlines are surrounded by a variety filled with
numerous microliths. It is suggested that the clear grains are almost pure sodalite (older generation),

while the microlithic variety is close to nosean or haiiyne (younger generation). This is supported by
the refractive indices. In sample 2511, the sodalite is decomposed to minerals of the zeolite group.

The tawite dykes are mineralogicaIly related to the ultramafic amphibole py
roxenite dykes described above. The most obvious difference between them is
the major occurrence of sodalite in the tawites, and their much higher content of
Ti. Pyroxene and amphibole are of similar composition in both rock types.

Urtite dykes

The urtite dykes are the most common in the Gardiner intrusion. Nearly all of
them are disposed concentrically or radially, and most of them dip steeply. In
certain areas of the intrusion a dense network of urtite dykes is found, e.g.
south-west of Ringgletscher within dunite, and west of the great bay in Gardiner
Sø within pyroxenite. The thickness of the dykes ranges from decimetres to
metres, and they can be traced for several hundred metres along their length.

Table 11. Range of modal composition ofurtite dykes

Aegirine-augite .
Nepheline .
Sodalite .
Albite .
Apatite .
Sphene and decomposed sphene .

Samples 2481, 2482 and 2483 from south-south-east of Ringgletscher

8-30 vol. %
55-90
2-15
0-12
~2

0-1
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Fig. 12. Bundles ol'
aegirine-augite ne.edles within
large nepheline cry tals. Urtite
dyke. Thin section ol' ample
2481, parallel nicols.

The urtite dykes are characterized by their lellcocratic nature and are compo
sed mainly of nepheline and aegirine-augite, with some sodalite.

The coarse grain size of the constituent minerals, and their irreglllar distribu
tion, makes it difficult to fix the modal composition of the urtites. The point
counting of several thin sections supported by estimation in hand specimens
resulted in the modaJ composition ranges given in table 11.

Aef.{irille and aegirille-augite are the major matic minerals ol' the urtite and are paie or dark blui h
green in colour (a). They form either thick prisms or fine needle . Whereas the pri m occur as single,
well-shaped crystals, the needles form bundles or rosettes enclosed by later albite (shorter needle ) or
ncpheline (fig. )2). Frequently, the needles of pyroxene are oriented within the nepheline, parallel to

its c axis.
From the extinction angles, a :c. the aegirines and aegirine-augiles range from Ac_o to AC90. Most

crystals show slight zoning with the core being up to 15 mol. per cenl richer in the acmite component
than the rims. Both hourglass and o cillatory zoning have al o been recorded.

Albite is present in some of thc urtite dykes, but onJy occurs together with very sodic pyroxene.
The less sodic pyroxenes are restricted to albile-free rocks. Albite is either included in younger
nepheline. or forms aggregales ol' subparallel lalh with aegirine uggesting flow slructure. The long
aegirine crystals are warped and fractured by the flow ofthe crystal mush (fig. 13a, b). Tiny needles ol'
aegirine either fill the interstices between the albite lalhs, or are included in them.

A few per cent of thick prismatic chessboard albite may be present. This represenIS an earlier alkali
feldspar which has become repJaced by the action ol' solutions rich in soda. The chessboard albite is
itse)f replaced by nepheline whereas primary albite is replaced by nepheline to only a small extent, il' at
all. The sequence ol' crystallization has been: albite lalhs (flow structure) - alkali feldspar - nepheJine,
and albitization ol' alkali feldspar.

Nep!zelille is the main constituent ol' aJl lhe rocks dealt with in this section. It occurs as large
euhedral crystals several centimentres in lenglh or, more commonly, anhedral crystaJs several milli
metres in diameter, with fine-grained nepheline in the intergranular space.

Sodalite shows irregular distribution and replaces nepheline and albite. Microchemical experiments
wilh nitric acid and calcium chloride indicated the presence of appreciable amounts ol' SO" in the
sodalite. Both the hauyne and the nosean componenl have been identified. This is in agreement wilh
the X-ray powder data and with the refraelive index determinations (Il - 1.490 which is too high for
pure sodalite).
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a

b

Fig. 13. Warped and fractured
aegirine-augite crystals within an
albite matrix indicating flow. by
thc parallel alignment of the
lalhs. rtitc dyke. Thin ection

of ample 2532, li parallel nicols

and b crossed nicols.

Apalire, a late crystallizing phase, forms large. anhedral patchc . Sphelle is occa ionally pre en!.

and may be decomposed to leucoxene anatasc + rutilc. A ellbic mineral with a deep reddish brown
colour, probably a member of the pyrochlore group, is a rare accessory.

Callcrillile may replace both nepheline and sodalile. The amounl of rcplaccmcnt is uSllally small
and re tricted to fractllres, but sample 2483 shows extensive replacemenl by a cancrinile, which, from
optical data, contajns 40 per cent of the vishnevite molecule.

The appearance of cancrinite replacing the feldspathoids together with acces
sory calcite, indicates the pO sibility of metasomatic intluence caused by the tater
intrusion of uncompahgrite and carbonatite.

Sodafite (nepheline) syenite dykes

Among the leucocratic dykes are several sodalite syenites, composed mainly of
alkali feldspar and sodalite, and with the mafic minerals forming only about 5 per
cent of the rock.
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Table 12. Modal analysis of sodalite syenite dyke

Aegirine-augite .
Amphibole .
Biotite .
Sphene .
Alkali feldspar .
Sodalite .

3 vol. %
0.5
+
J.5

75-80
15-20

Sample 2493 from the thick dyke in the outh-ea tern part of the intrusion. For chemicaJ analysis see
table 19

A conspicuous sodalite yenite dyke of thi type, Jying within pyroxenite, oc
curs in the south-eastern part of the intrusion. It is concentric, 6-8 m thick, and
dips at a rather shallow angle. The dyke's modal analysis is given in table 12. It
resembles 'foyaites' described from the central part af the Kangerdlugssuaq in
trusion by Kempe, Deer & Wager (1970).

Other sodalite syenite dykes occur in the same areas as the urtite dykes, but are
less common than them. ot all are shown on the geological map.

The pyroxene i aegirine or aegirine-auRile forming long prisms or needles and having intense
blui h green cores with narrow green rims. The pyroxene i apparently unstable and is replaced by
feldspar.

Pyroxene is associated with an arfvedsonite type amphibo/e which exhibits anomalou interference
colour and the folJowing pleochroic scheme: a yel10wish green; {3 dark browni h grey; ygrass-green.
It forms micrographic intergrowths wit.h sodaJite.

Some yellowish brown biolile has replaced aegirinc, but primary biotite is also present, either
orange-red (titanium biotite) or brownish black in thin section. Biotite may be accompanied by vermi
eu/ile. Spirene forms subhedral rhombs and is partIy decomposed to leucoxene.

The alkali [eldspar is an anorthoclase-microperthite developed as vein perthite or, more commonly,
a patch perthite grading into chessboard albite. The bulk compo ition of the alkali fcldspar from norm

Fig. 14. Euhedral eudiaJyte
crystals with O cilJatory zoning
in anepheline syenite dyke. Thin
ection of sample 2497, crossed

nicols.
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Fig. J5. Alkali feldspar showing
a kind of 'hourglass' texlUre.
Alkali-feldspar syenite dyke.
Thin section of sample 2520,
crossed nicols.

caleulations is Ons Ab,s. Generally , lhe feldspar possesses the thick prismalic orthoclase habit, but
some individual have the tabular habit of sanidine. Carlsbad twinning is common, and the axial angle
2V", ranges belween 90° and 95°, the optical character therefore being positive.

Sadalile shows irregular distribution and similal' composition to that in the urliles. Sodalile has

formed afler feldspar, and show a tendency to decompose to natrolite and caleite.

An interesting nepheline syenite dyke occurs at the southern tip of the intrusi
on, cutting the contact with the Archaean rocks. It is unique in the area, contai
ning eudialyte and verly large amphibole prisms. and for thi rea on j mentioned
separately.

The pyroxene is a deep blue-green colour, and very rich in the acmite component (70-90 mol. %
Ae).

The large nmphibole crystal po t-date the pyroxene. They may show brown cores of kaersutile,
bul are dominantly amphiboles which, from their optical properties. appear to be magnesium-rich
membcrs of Ihe arfved onile group (a yellowish green, f3 dark brownish grey. ygrass-green).

Red eudialYle i a conspicuous accessory mineral. It shows oscillatory zoning (fig. 14) and is
oplicalJy positive. The mineral have a variable birefringence, parts being almost i ·olropic.

Alkali j'eldspar (anorlhoclase), and large irregularly di tribuled nepheline crystal are Ihe other
major phases present.

Well developed sphene crystals have been found. and apalile occurs as an acccssory.
Large interstitial areas are filled with fine-grained albitic alkali feldsrar. togelher with miner aegi

rine and sphene. The areas resemble lhe alkali-feldsrar syenites described in the next ection.

Alkali-feldspar syenite dykes

Alkali-feldspar syenite dykes (for nomenclature sec Streckeisen, 1974) have
been found together with intensely meta omaticaIly altered rocks of the older
sequence. They occur in the central uncompahgrite at the eastern edge of Ring
gletscher, and within the metasomatically altered zone at the northern edge of the
same glacier.
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Fig. 16. Flow structure indicated
by parallel alignment of tabular
alkaJi feldspar crystal .
Alkali-feld parsyenitedyke. Thin
section of sample 2520, crossed
nicols.

The dyke east of Ringgletscher (sample 2520) is al most enlirely made up of a/bill! or aflorllroclase

(2V = ± 90") exhibiling tabular habit. The crystals have very wavy extinction and show albite and
Carlsbad twinning. Chessboard tex ture i common in parts of the crystals.

Many of the feldspars possess an 'hourglass' texture (fig. 15). Inside the 'hourgla s' lhe mineral is
free of twinnillg lamelIae or contaills only indistinct fine lamelIae whereas outside the 'hourgla 'there
is distinct albite twinning, often combined wilh chessboard texture. Parts of some crystals are fine1y
eross-hatched after the microelille law.

A preferrcd orientation of the tabular feldspar sugge ts flow structure in the rock (fig. 16).

Some ealcite and opaque minerals. mo tly decomposed, oecur as accessorie (le than 1%).
One dyke (sample 2562) contains thick pri matie a/bile erystals. The crystal are twinned after the

albite, Carlsbad and Roc Toume laws.
Variable amounts of calcile occur. This forms intact and sometimes zoned crystals in the intersti

ces, and may partly replace albite. Accessories arepyrile. eha/copyrile (both in clusters), and decom
posed Fe-Ti oxide . An olive-green, zoned mineral of the perovskite-dysanalyte group has been
observed.

The presence of calcite together with sulphides and perovskite or dysanalyte
•uggests that these minerals formed during metasomatic processe associated
with the intrusion af the rocks of the younger sequence (uncompahgrite-carbona
tite). This is supported by the position of the dykes, occurring as they do within
the metasomatically affected zone.

The rocks of the younger sequeoce

Uncompahgrite

Uncompahgrites are plutonic ultramafic rocks with melilite as the dominant
constituent, and lesser amounts of diopsidic pyroxene magnetite, perovskite, and
apatite.
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The uncompahgrites are some of the youngest rocks of the Gardiner intrusion
(fig. 17) and form two distinct bodies. One occupies the core of the intrllsion
(central uncompahgrite body), and the other forms anearly concentric ring (outer
uncompahgrite body Ol' uncompahgrite ring). The distance between the two un
compahgrite bodies ranges from less than 100 m in the west to several 100 m in the
east (plate 1).

The central uncompahgrite body has a diameter of 1100-1300 m. Much of the
body is covered by the Ringgletscher , hence there is no proof that the llncompah
grite occupies all the area indicated in the profiles (plate 2). In the two places
where the border of the central uncompahgrite body is exposed, it is conformable
with the bordering pyroxenite ring.

The outer uncompahgrite, ranging in thickness from 150-250 m, is not confor
mable with the second and third pyroxenite rings and hence is not exactly concen
tric (plate I).

The dllJ1ite and pyroxenite both between the uncompahgrite bodies and near
the outer contact of the uJ1compahgrite ring are metasomaticaJly altered (see
later).

Within the uncompahgrites are bodies of strongly altered dunite Ol' pyroxeJ1ite,
showing transitional bOllndaries with the llJ1compahgrite. Parts of the llJ1compah
grite appear to have suffered auto-metasomatism.

Fig. 17. Uncompahgrile area, outer uncompahgrite bouy wesl of Ringgletscher. Note the weathering
of the uncompahgrite which is poorly cxposcd. Light spots are from re.flecling, loose phlogopite

crystals.

3 Bulletin nr. 122
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Table 13. Modal analyses (vol. %) af uncompahgrites

2518* 2538* 2566 2563*-1 2563-2 Type loco Type loc.
1* 2*

Meli1ite 0.0.···· ..... 75-83 78 63 54 45 72 64
Pyroxene ............ 2-4 5 1.5 3.5 + 9 15
Amphibole o ••••••••• 2-3 2
Phlogopite ........... 0.5-1 1.5 0.5 5.5 9 1 2
Magnetite ........... 6-8 7.5 11.5 18 21 7 13
Perovskite ........... 2-5 6.5 11.5 6 4.5 4
Apatite .............. 4-5 1.5 10 13 20.5 1 1
Ca1cite ........ " .... 0.5-1 (+) + 2 1
Melanite ............ 8

* For chemical analyses see table 19

Sample 2518: typical uncompahgrites from east-south-east ef Ringgletscher, central body
Sample 2538: typical uncompahgrite with long pyroxene needles from south of Ringgletscher, outer

body
Sample 2566: uncompahgrite rich in magnetite-perovskite-apatite aggregates from north of Ringglet

scher, outer body
Sample 2563: layered magnetite-perovskite-apatite uncompahgrites from north-north-east of Ring

gletscher, outer body
Type loc. 1 and 2: uncompahgrites from type locality, Iron Hill, Uncompahgre Valley, Colorado

(Larsen, 1942, p. 13).

The uncompahgrite of the Gardiner intrusion corresponds very well to that of
the type locality at Iron Hill with respect to both modal and chemical composition
(tables 13 and 19).

Besides the 'normal' uncompahgrites there occur types enriched in magnetite,
perovskite, apatite, and phlogopite and correspondingly depleted in melilite. The

Ca2(M9.F.)Si207
lk.Hmanit..

'~-~-~--;-~-~---\!50

Ca2AI2Si 07
9..hl ..nil..

NaCaAISi20 7
soda m.. lilil..

(/ Oka (Qu..b..c)

• Iron Hill (Colorado)

x Turja (Kola) Fig. 18. Composition of melilites from intrusive rocks
• Gardin ..r intrusion (after Watkinson, 1972).



35

Table 14. Wet chemical analysis of melilite from uncompahgrite

wt. %

3.03

1.90

number of cations
on the basis of 7

oxygens

2.06]
0.31
0.60
0.06

0.30 }
1.60

(impurities of
magnetite, perovskite,

apatite and calcite
eliminated)

Si
Al
Mg
Fe+2

Na
Ca

44.70
0.14

5.75

0.58

1.85

0.07

8.75

32.80

3.36

0.07

0.05

0.28

0.21

98.61

Si02 .

Ti02 .

Ah03 .

Fe203 .

FeO .

MnO .

MgO .

CaO .

Na20 '" .

K20 .
P20S .

H20+ .

C02 .

Sample 2538 (outer body)
Analyst: W. Frisch

enrichment in magnetite, perovskite and apatite occurs in dusters (sample 2566)
or in compositionallayers (sample 2563).

The 'normal' uncompahgrites ofthe central and the outerbodies (samples 2518
and 2538 respectively) are identical. They are massive, very tough, solid rocks.
The melilite weathers to give a distinctive brownish yellow colour.

Melilite makes up more than three quarters by volume of the 'normal' uncom
pahgrites of the Gardiner intrusion. It forms anhedral crystals up to l cm in
diameter and shows the typical bluish interference colours which make it easily
distinguishable from apatite in thin section. Locally, patchy melilite is altered to a
fine felt of calcite + diopsidic pyroxene probably by auto-metasomatism.

The melilite of sample 2538 has been separated and analyzed (table 14). The
formula of the analyzed melilite is:

(Nao.3o Cal.6o)1.90 (MgO.60 Fe+2o.o6 Alo.31)O.97 [Sh.06 07],

that is 69 mol. % Ca2(Mg, Fe)Sh07
15 mol. % Ca2AhSi07
16 mol. % Na2Sb07

(åkermanite)
(gehlenite)

or 69 mol. % Ca2(Mg, Fe)Sh07
31 mol. % NaCaAISh07

(åkermanite)
(soda melilite),

and corresponds well with other melilites from intrusive rocks. Watkinson (1972)
pointed out that the melilites from jacupirangite, okaite, and melilite carbonatite

3'
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from the Oka complex (Quebec, Canada) remain within a limited range when they
are plotted onto the system Ca2MgSi207 (åkermanite) - Ca2AbSi07 (gehlenite) 
Na2SiJ07, and that they are approximately restricted to the line Ca2MgSi207
(åkermanite) - NaCaAISi207 (soda melilite) on which the ratio Si:O equals 2:7.
Fig. 18 shows the plot of several melilites from intrusive rocks, including that
from the Gardiner uncompahgrite.

Diopsidic pyroxene of paie greenish yellow colour occurs as zoned prismatie
needles up to 5 cm in length (sample 2538) and 1-3 mm width. The crystaJs show
marginal replacement or are poikilitically enclosed by melilite. Frequently, only
skeletons of previously large crystals are preserved, the rest being replaced by the
melilite. Remnant pyroxene mayaiso show replacement by amphibole (samples
2518, 2566) Ol' phlogopite.

The non-silicates, apatite, magnetite and perovskite have the tendency to form
c1usters and aggregates (cumulus texture).

Apatite is early formed, enclosed by the other phases, and may be partly
replaced by melilite.

Magnetite is present as single crystals Ol', more often, as large aggregates. In
some cases magnetite rods have been observed as inclusions in the (001) plane of
melilite. The crystals are homogeneous in retlected light.

Perovskite occurs either rimming the magnetite aggregates, Ol' as large euhedral
to subhedral crystals intimately associated with magnetite. The perovskite is
easily recognizable by its polysynthetic twinning in two mutually perpendicular
directions. The twinning is orientated 45° to the crystal faces and the extinction.
Generally , the perovskite is a light purpJish brown, aJthough large crystals pos
sess a reddish brown core (fig. 19). Narrow rims of perovskite around magnetite
and aggregates or single crystals of perovskite may be paie yellowish brown (for
chemical analysis of a perovskite see table 16).

Melanite-schorlomite occurs sporadieally together with perovskite (see later).

Fig. 19. Zoned perovskite crystal
with reddish brown core and
purplish brown rim.
Uncompahgrite. Thin section of
sample 2567, parallel nicols.
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AmphiboLe only occurs as a replacement mineral after pyroxene. It has light
greyish green to yel10wish green colour. From the optical data the amphibole is
possiblyan eckermannite.

PhLogopite is generally rare in the uncompahgrites, but may be important local
ly. In the northern half of the outer uncompahgrite body it forms euhedral flakes
several centimetres in diameter. It is a paIe yellowish brown parallel to y with
colourless Ol' green zones and patches.

Amphibole and the great part of the phlogopite in the phlogopite-rich rocks are
the produet of intense auto-metasomatic alteration, particularly neal' the eastem
contact of the central uncompahgrite body, and in the northern segment of the
uncompahgrite ring.

Uncompahgrites rich in magnetite, perovskite and apatite have been found in
several pIaces both in the central uncompahgrite body and in the northern and
north-eastern parts of the outer uncompahgrite body. These minerals occur in

Fig. 20. Layered

magnetite-perovskite-apatite rich
uncompahgrite dipping c. 55° to
the centre of the intrusion. Light
layers consist mainly of melilite,
dark layers of magnelite,
perovskite and apatite. Outer
uncompahgrite body
north-north-east of
Ringgletscher. Length of
hammer: 30 cm.
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5 cm Fig. 21. Hand specimen af layered uncompahgrite.
Same locality as in fig. 20.

c!usters and may be accompanied by melanite Ol' schorlomite. They occur in
rocks containing a relatively high proportion of phlogopite (5-10 vol. %).

A remarkable rock type showing a layered concentration of these minerals
occurs in the northern part of the outer uncompahgrite body (see profile 2, plate
2). The layers strike parallel to the ring and dip with a medium angle (55°) towards
the centre of the intrusion. This is not conformable with the outer contact of the
uncompahgrite which is dipping 80° away from the centre.

The layering is caused by an accumulation of apati te, magnetite and perovskite
(black layers), and of melilite (dark greyish layers). The melilite weathers to an
intense yellowish brown colollr making the layering easy to distinguish. The
thickness of the layers ranges from l to 10 cm (figs 20 and 21).

The borders between the apatite-magnetite-perovskite layers and the melilite
layers may be sharp Ol' transitional (fig. 21). Sharp borders between the layers
have been observed both at the upper and particularly the lower boundary of the
black layers.

There is strong evidence that the layering of the uncompahgrite has been for
med in situ and with the present day inc!ined attitude. Thus the undisturbed,
parallel layering is primaryand is considered as evidence for an uncompahgritic
magma.

Massive perovskite concentrations

Massive perovskite and magnetite concentrations occur in a separate zone at
most a few metres thick at the contact of the inner uncompahgrite body (plate l).
They can a1so occur in rocks strongly affected by, and adjacent to, the uncom-
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Fig. 22. Perovskile cryslals
within a large single melanite

crystal. Light: calcite.

Perovskite-melanite rock. Thin

section of sample 2540, parallel

nicols.

pahgrite intrusion. It is likely that the zone continues around the inner uncompah
grite body under the ice of Ringgletscher.

The zone contains varying amounts of magnetite, perovskite, and melanite as
the major constituents.

MaRneIiIe is frequently an important constituent. In the southern part of the outcrops east of
Ringgletscher • a magnetite layer 2 m thick was observed. containing only mali amount of perovskitc.
which forms narrow rims to the magnetite. The magnetite crystaJs are homogeneous in reflected light.
The Cr content examined by semiquantitative spectraJ analysis is low (c. 200-2000 ppm).

In other parts.perovskile makes up 50 per cent or more of the whole rock. The perovskite is usually

the light purpIish brown variety described as the dominant type in the uncompahgrites.
Me/allite to sc/1or/omile (Ti-andradite) occurs sporadieally • particularly east of Ringgletscher. It

fonns aggregates several decimetres across in which the large melanite-schorlomite crystals occur

together with euhedral perov kite (samples 2540,44 and 45; fig. 22). The Ti02 content of lwO schorlo
mites has been investigated by the method of Howie & Woolley (1968). The determined values ofao =

12.12 :t 0.05 and n = 1.90--1.92 correspond with Ti02 contents of 8-9 per cent.
Apalile. ca/dIe. and p/1/ogopile may be present as minor or accessory constituents. Calcite which is

considered to be primary, occllrs as drop-like inc!lIsions within perovskite or between perovskite
crystaJ .

Other concentrations of perovskite, forming clots several decimetres in diame
ter or lenses several metres in length, are situated within the marginal parts ofthe
uncompahgrites or within the alteration zone between the two uncompahgrite
bodies. Several melanite (schorlomite)-perovskite occurrences have been found
north and east of Ringgletscher (e.g. sample 2540).

West of the moraine leading from Ringgletscher to Kangerdlugssuaq Gletscher
there is a limited occurrence of a layered zone within the outer uncompahgrite
body. It is composed of magnetite-perovskite-apatite-phlogopite layers, which are
separated by thin, nearly pure, apatite layers, and in which melilite is lacking
(table 15).

Perovskite from a melanite (schorlomite)-perovskite rock taken from the zone
of concentration east of Ringgletscher , has been separated and analyzed (table
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Table 15. Average modal analysis aflayered magnetite-perovskite-apatite rock

Sample 2568

Magnetite .
Perovskite .
Apatite .
Phlogopite .

For chemical analysis see table 19

30 vol. %
18
25
27

16). Remnants of dunite, strongly altered, occur at the contact of the melanite-pe
rovskite zone at this locality. The perovskite is the light purplish brown variety.
Its specific gravity is 4.15 ± 0.05.

The formula of the analyzed perovskite is:

(Cao.9o Fe+2o.o1 Nao.o2 Ceo.03 Lao.o2 Ndo.01)O.99 (Tio.97 Nbo.02)o.99 03.

Table 16. Chemical analysis ofperovskitefrom melanite-perovskite rock, east af
Ringgletscher

wto %

Si02 .

Ti02 .

Nb20s .

Ta20s .

Ah03 .

Fe203

Ce203 .

La203 .

EU203 .

Nd203 .

Pf203 .

FeO .

MnO .

MgO ..

CaO .

Na20 .

K20 .

Sample 2545
Analysts: Analyx SA (Geneve) and H. Keusen

53.80

2.23

0.01

0.04

0.15

2.93

2.32

0.01

1.52

0.32

0.37

0.01

35.40

0.51

0.01

99.63

number of cations
on the basis of

240xygens
Ti

776 jNb 0.19
7.98

AI 0.01
Fe+3 0.02

Ca 7.17
Fe+2 0.06
Na 0.18
Ce 0.20 7.90
La 0.16
Nd 0.11

Pr 0.02
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Ca
- ca 35'/, CaD

Fig. 23. ~icroprobe pro/ile through a zoned

perovskite crystal from uncompahgrite.
LQcality near the inner contact of the outer

uncompahgrite body north of Ringgletscher I
(sample 2567). mognelite

Ce

perovskite

O.lmm
\.....----.-'

Imognetite

As described in the foregoing section, large perovskite crystals in the uncom
pahgrites possess cores of reddish brown colour in thin section coated by the light
purplish brown variety (fig. 19). To study the distribution of Ca and Ce, a micro
probe profile (fig. 23) was obtained through a well developed zoned crystal which
derives from the outer uncompahgrite body. A sharp and distinct break between
core and rim ean be seen. The profile (fig. 23) c1early shows substitution of Ca by
Ce. The Ce203-value of the core is about 2 wt. per cent, that of the rim about 3 wt.
per cent.

Alkali-metasomatic alteration zones

Around the uncompahgrites, particularly in the area between the two uncom
pahgrite bodies, the rocks of the older sequence are alkali-metasomatically al
tered by hydrothermal solutions originating from the uncompahgrite-carbonatite
magma (fig. 24). The dunites are strongly altered or even replaced whereas the
pyroxenites are generally more resistant to the hydrothermal solutions.

Alkali-metasomatic alteration has also taken place some distance from the un
compahgrite where urtite and syenite dykes are common. The hydrothermal solu-
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Fig. 24. Screens of dunite which
became replaced melasomalical
ly by olutions from the uneOffi
pahgrite. Zone of allered dunites
belween the two uneompahgrite
bodies norlh of Ringglelscher.

tions of the uncompahgritic magma seem to have used certain af the dykes as
access channeis.

Potassium elearly predominates over sodium in the altered zones as is shown by
the ubiquity of phlogopite. A degree of auto-metasomatism has been notieed in
the uneompahgrites themselves. The strongest alteration has been found in the
outer uncompahgrite body north, north-east and east of Ringgletscher, and in the
central body east-south-east of Ringgletscher. The melilites are partieularly SllS
ceptible, large erystals being replaced by a fine felt of diop idie pyroxene (deter
mination by X-ray powder diagram) ar ealcite or both. The pyroxene is developed
as fine brown needles which are arranged a rosettes, and calcite forms minute
grains «0.001 mm) whieh may be accompanied by some colollrless mica.

Primary diopsidic pyroxene and apatite are only partly corroded. PaIe brown
phlogopite grows in large flake up to several centimetres in diameter (fig. 25) and
may be rimmed by colourless mica. Some amphibole brownish green in colour,
becomes replaced by a fine calcite-mica-pyroxene(?) felt.

In the section an the dunites, alkali-metasomatic influences were described
reslIIting in an increase in the magnetite proportion and growth of phlogopite,
perovskite, calcite, and amphibole.

In the folIowing, metasomatized dunites and pyroxenites are deseribed which
are altered o intensely that they ean no longer be deseribed as dunites and
pyroxenites. The stippled areas on the geological map (plate l) indicate the altera
tion zones (strongly altered rocks). Less altered material may occur in juxtaposi
tion.

The alteration zones tend to be characterized by the very coarse grain size of
most of the minerals. The eharaeteristie new minerals of the alteration zones are
described briefl y.

Diopsidic pyroxene oecurs in prisms up to 30 cm in length (near the inner
contact af the outer uncompahgrite body east-south-east of Ringgletseher).
Newly formed colourle s diopside grains of microscopic size are common.
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Apatite occurs in prisms up to IO cm in length of light green colour, frequently
together with natrolite.

Melanite and schorlomite in crystals up to several centimetres in diameter are
present, ometimes forming aggregates up to decimetre-size. The melanite colour
varies patchily from dark reddish brown (titanium-rich varieties: schorlomite) to
brownish yellow. As the melanite forms aggregates, euhedral crystals are rare. In
one case a specimen with well developed crystals wa found in a natrolite matrix
and showed (110) and (211) faces.

In addition to melanite-schorlomite, grains of another garnet of the 'grandite'
group occur in sample 2556. This garnet is colourless in thin section and has
patches showing il very low birefringence (~O.OOI) with anomalous interference
colours.

The melani tes (schorlomites) frequently are interspersed with numerous perov-

rig. 25. Aulo-melasomatically
inf1uenced uncompahgrile with large
phlogopile f1akes bordering against
strongly altered zone. ear inner
conlact of ouler uncompahgrile
body, north-north-east of
Ringglel cher.
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skite crystals in the same way as in the massive perovskite concentrations. They
are di tributed regularly within parts of the melani te crystals, although zones,
particularly the rims, remain perovskite free. The perovskite again is a light
purplish brown colour in thin section, with only the larger crystaJs having a
reddish brown core.

Discrete perovskite octahedra up to 2 cm in diameter also occur, demonstrating
that perovskite may be an important constituent of the altered rocks.

In one sample zoned veslivianite was found accompanying melanite and perov
skite. The vesuvianite is anomalously biaxial with positive optical character ('wi
Juite').

Phlogopite is the commonest mineral of the alteration zones and indicates
potas ium metasomatism. It forms large f1akes and thick books. There is a con
spicuous phlogopite zone south-east, east and north-east of Ringgletscher running
concentrically a short distance from the inner contact of the outer uncompahgrite
body (plate I). The phlogopite zone averages about 6-8 m in thickness and con
tains phlogopite books up to severaJ decimetres in diameter and thickness (fig.
26). The phlogopite is accompanied by huge magnetite crystaJs (see below). Mi
croprobe investigation (partial analysis) showed the phlogopite to contain 15-18
mol. per cent iron-biotite.

Besides ph1ogopite, light mica of microscopic size is to be found in severaJ
samples of the alteration zone.

An opticaIly positive chlorite, grochauite, is present as an accessory in some
thin sections.

Fig. 26. Phlogopile zone east of Ringgletscher. To the right. weathered uncompahgrite and replaced
dunite.
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Magnetite has also been formed by the metasomatic processes. It becomes
conspicuous as huge, well-developed octahedra several centimetres across. In
many cases the octahedra are rounded. Crystals of this size have been found in
altered dunite beyond the outer uncompahgrite zone south and south-west of
Ringgletscher, and within the phlogopite zone.

Calcite fills wedges between the calcium-bearing constituents, and fine needles
of aegirine may be found growing in it.

Occurring within the alteration zones are altered dykes, mainly ofurtite. Neph
eline has been transformed into natrolite which is present either as euhedral
crystals, radial aggregates up to several centimetres in length, or as pseudo
morphs which possess the outlines of the hexagonal nepheline, the prisms being
up to 10 cm in length. Accessory phases are other zeolites (rare), aegirine (roset
tes of fine needles), aegirine-augite (huge zoned crystals), ca1cite, baryte (single
crystals, very rare), apatite and sphene (long prisms up to nearly 10 cm in length,
rare).

Carbonatite dykes

Carbonatite appears as dykes within the rocks of the older sequence, and it
appears likely that it is genetically related to the uncompahgrites. By comparison
with similar intrusions (Iron Hill and Oka) it is probable that a larger carbonatite
body is to be expected at a shallow depth beneath the centre of the intrusion (plate
2).

Four carbonatite dykes have been found. The largest one, 50-60 cm in thick
ness, is a concentric dyke and runs parallel to the sodalite-syenite dyke in the
south-eastern part of the intrusion. There is a reaction zone in the bordering
pyroxenite. Another concentric dyke lies within dunite, north-east of Anorer
ssuaq in the south-western part of the intrusion. In the southern part two radial
dykes occur both within dunite.

The carbonatite is a calcite carbonatite (sovite) (ca1cite 99 vol. %). Accessories
are melilite and apatite. The rock exhibits a slight parallel structure conformable
to the dyke walls.

Most of the calcite is present as anhedral grains 0.5-3 mm in diameter. It shows
slightly undulating extinction, and the rarely developed twinning lamelIae are
slightly warped. The proportion of Mg and Fe is negligibie (see tabte 19). The
ca1cite grains are elongated parallel to the contact of the dyke.

Melilite occurs both intergranularly and intragranularly, either as single crystals
or small aggregates.

Apatite forms irregularly distributed aggregates.
The carbonatite dyke which cuts pyroxenite in the south-eastern part of the

intrusion has caused a brown weathering reaction zone 0.5-1 m thick, in the
pyroxenite. The pyroxenite has been replaced along cracks by chlorite, and as a
whole by a probably dolomitic carbonate.
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The accessory minerals (melilite, apatite), as well as the minor elements (0.60
wt. % Sr, 0.17 wt. % Ba, 0.03 wt. % La) and the reaction with the pyroxenite are
evidence that the dykes are in fact carbonatite dykes and not hydrothermal calcite
veins.

GEOCHEMISTRY

Main elements

Table 19 shows chemical analyses of the main rock types of the Gardiner
intrusion together with their Niggli values and the base norm values after Niggli.

A considerable variety of rock types is present in the intrusion, ranging from
ultrabasic through basic to intermediate. A part of the marginal zone rocks, and
probably the sodalite syenite of the dyke rocks have suffered contamination by
the adjacent granitic to granodioritic country rocks.

o I d e r
100

50

s e q u e

contam inated
melteigite

n c e

fenite granodioritic gneis5
(basement)

younger sequence
100 x

carbonatite

uncompahgrites

50

d Y k e

tawite urtite

sequence

olbite-bearing
urtlte sodolite syenite

o
O 50

.
x •

250 si

Fig. 27. Variation diagram for the rocks of the Gardiner intrusion, and one granodioritic basement
gneiss after Wager & Deer (1939). For sample localities see fig. 35, for chemical analyses see table 19.
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Fig. 28. QLM diagram after Niggli of the Gardiner rocks.

The variation in the geochemistry of the various rock types constituting the
Gardiner intrusion is presented with the aid of figs 27-31.

The older sequence rocks and dyke rocks show generally similar trends and a
common parentage is suggested.

From fig. 27 it ean be seen that with fraetionation/m values decrease, whereas
al and alk values increase, particularly in the more differentiated material. In the
rocks of the older sequence c tends to increase, reaches a peak, and then de
creases.

Fig. 28 shows all rocks to lie beneath the line of saturation (P-F). With frac
tionation both dyke rocks and older sequenee rocks become increasingly alkaline
and undersaturated. Rocks taken from the eontact zone with the gneissic country
rocks and the latest dykes (sodalite syenite) fall offthe observed trends suggesting
contamination.

The amphibole pyroxenite (for which no analysis is available) comes to lie
between the pyroxenite of the older sequence (sample 2484) and the tawite of the
dyke sequence (sample 2522), suggesting a common parentage ofthe older and the
dyke sequence rocks. On the other hand the stronger undersaturation and the
distribution of the minor elements (see later) in the dyke sequence are evidence
for contamination with the carbonatitic-uncompahgritic magma. This is also sup
ported by the metasomatic alteration of dunites in the vicinity of late dykes of the
dyke sequence. Strong metasomatism was found with the dunites around the
uncompahgrites (see seetion on the dunites).
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Fig. 29. Ca-Fe-Mg diagram of the Gardiner rocks.

Fig. 29 shows clearly that in both dyke rocks and older sequence rocks there is
an increase in Fe and decrease in Mg during fractionation. There is an initial build
up in Ca, followed by its depletion in the fractionated material due to the crystalli
zation of abundant diopsidic pyroxene.

From fig. 30 it can be seen that the build up of alkalis during fractionation is
principally due to Na enrichment, and from fig. 31 that the oxidation ratio in
creases. In both diagrams the sodalite syenite ofthe dyke sequence (sample 2493)
falls out of the common trend by a higher k value and a lower oxidation degree
respectively. This again suggests contamination with acid country rocks.

The metasomatically strongly affected dunite, sample 2535, falls out in all the
diagrams (figs 27-31).

For rocks ofthe younger sequence, the variation diagrams show no clear trends
because of the lack of material intermediate between the uncompahgrites and
carbonatites. On certain of the plots a distinction can clearly be seen between the
trends of carbonatite (sample 2494), and of the magnetite-perovskite-apatite con
centrations (samples 2563, 2568).
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Minor elements

Table 17 shows the distribution of some minor elements for selected rocks af
the Gardiner intrusion.

The most interesting minor elements, i.e. Cl', Ni, Ti, Nb, and the rare earth
elements, are presented in fig. 32 for 66 rocks of the Gardiner intrusion. Ti, b,
and the rare earth elements are enriched in the rocks of the dyke and the younger
seqllences, Cl' and Ni are important minor elements in the lIltramafic rocks of the
older sequence.

The strong correlation of i versus Cl' and Co an the ane hand, and of Nb
versus Ti and the rare earth elements on the other, is illustrated in figs 33 and 34
respectiveJ y.

As shown in table 18 and fig. 34, b and the rare earth elements occurring in the
perovskite are enriched in the massive perovskite concentrations at the uncom
pahgrite contact.

Cu and As reach values af 0.15-0.25 wt. per cent and 0.2-0.3 wt. per cent
respectively in the metasomatized rocks of the umcompahgrite contact zone.



Table 17. Concentration (in ppm) of some minor elements in rocks ofthe Gardiner intrusion

Contam- Layered
Pyrox- inated Sodalite uncom- Carbon-

Dunites enite melteigite Vrtite syenite Uncompahgrites pahgrite atite
Sample no. 2531 2535 2499 2498 2481 2493 2518 2538 2563 2494

V ................ 20 20 70 200 30 100 300 70 100 100
Cr ............... 2000 2500 3500 200 200 100 70 70 200 50
Co ............... 300 400 200 50 <10 20 100 70 80 <10
Ni ............... 3500 1000 2750 70 30 30 300 150 300 30
Cu ............... 50 800 70 30 10 50 30 50 50 3
Zn ............... 300 300 200 200 <100 100 300 200 200 <100
Nb .............. <300 300 <300 300 400 300 400 400 300 <300
Ba ............... <500 <500 <500 500 700 700 <500 <500 500 2500
La ............... <150 <150 <150 200 200 200 350 450 200 250
Ce ............... <800 <800 <800 <800 <800 <800 1000 1000 <800 <800

Semiquantitative spectral analyses, Outokumpu Oy, Pori, Finland
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Table 18. Content af Nb and same rare earth elements in rocks af the massive
perovskite concentrations in the uncompahgrite contact zone

Nb .
y .
La .
Ce .
Nd .
Eu .
Gd .

0.1 -0.7 wt. %, average 0.4 wt. %
0.01-0.03 0.02
0.2 -0.6 0.3
0.3 -1.2 0.5
0.15-0.6 0.2
0.01-0.02 O.oJ

0.05

Semiquantitative spectral analyses, Outokumpu Oy, Pori, Finland
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Ti

Ti and P are enriched in the alkaline members of the older and the dyke sequen
ces and strongly in the uncompahgrites and their contact rocks. Ti is present in
sphene in the rocks of the older and the dyke sequences, and in perovskite in the
uncompahgrites and associated metasomatized rocks.

The carbonatite (sample 2494) contains 0.60 wt. per cent Sr, 0.17 wt. per cent
Ba, and no Rb which is in good agreement with the values of other carbonatites
(e.g. the s6vites of Kaiserstuhl, Germany).
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Table 19. Results ofwet chemical analyses af rocks from the Gardiner intrusion
and same other rocks

Sample no. 2528' 2531' 2535' 2484' 2485' 25001 2498' 2570' gdg

SiO, ................... 39.90 40.00 29.10 49.00 46.80 49.80 54.80 61.20 68.17
TiO, ................... 0.58 0.23 3.10 2.00 4.40 0.75 2.20 0.51 0.63
AbO, .................. 0.38 0.80 1.90 1.52 7.16 12.95 16.00 16.55 16.13
Fe203 .................. 4.30 2.20 17.55 5.75 10.05 4.73 3.72 2.35 0.58
FeO ................... 9.80 8.67 12.80 11.95 6.84 2.38 4.% 1.34 2.09
MnO ........... 0.23 0.22 0.52 0.23 0.28 0.10 0.17 0.04 0.05
MgO ................... 40.60 45.30 31.15 17.90 5.21 6.15 2.11 2.07 1.82
CaO ................ 3.20 1.21 2.63 10.20 10.10 9.15 6.12 3.45 2.07
Na,O .................. 0.03 0.32 0.22 0.39 5.05 6.41 6.57 7.96 4.40
K,O ................... 0.11 0.09 0.56 0.Q3 1.32 1.64 1.25 3.30 3.22
P,O, ................... 0.49 0.00 0.62 0.02 0.82 1.29 0.56 0.16 0.31
H,O+ .................. 0.50 0.65 0.31 0.56 1.45 3.11 1.13 0.70 0.40
CO, ................... n.d. Ir . n.d. n.d. n.d. 0.85 n.d. 0.75 n.d.
C!- ... ................. n.d. n.d. n.d. n.d. 0.80 n.d. n.d. n.d. n.d.

--
100.12 99.69 100.46 99.75 100.28 99.31 99.59 100.38 99.87

Niggli numbers
si . .............. 53 51 39 92 111 126 165 209 2%
al ... ................... 0.3 0.5 1.5 1.5 10 19.5 28.5 33.5 41.5
1m ..................... 95 97.5 94 77 50.5 37.5 30.5 20.5 21.5
c ............. 4.5 1.5 3.75 20.5 26 25 19.5 12.5 9.5
alk ..................... 0.1 0.5 0.75 1 13.5 18 21.5 33.5 27.5
k ...................... (0.67) 0.16 0.63 (0.05) 0.15 0.14 0.11 0.21 0.32
mg .................... 0.84 0.88 0.66 0.65 0.36 0.62 0.31 0.51 0.54
ti ....... ........... 0.6 0.2 3.1 3.2 7.9 1.4 5.1 1.2 TI
p .. ............ 0.3 O 0.4 O 0.9 1.4 0.7 0.2 0.5
qz ..................... -47.5 -51 -64 -12 -33 -46 -21 -25 +86
ro .............. 0.28 0.19 0.55 0.30 0.57 0.65 0.40 0.61 0.22

Niggli numbers
Cp .................... 0.9 1.2 1.6 2.6 1.1 0.3 0.5
Ru ..................... 0.4 0.2 2.1 1.6 3.2 0.5 1.6 0.3 0.4
Kp .................... 0.3 0.3 2.0 0.2 4.9 6.0 4.4 11.4 11.4
Ne ..................... 0.1 1.5 1.2 2.2 19.6 35.1 35.8 41.5 23.8
Ns ..................... 4.5 0.2
Cal .................... 0.4 0.3 1.6 1.3 1.1 6.4 5.2
Cs ..................... 3.4 1.5 2.0 14.9 14.3 11.0 5.0 4.8
Sp . .................... 3.7
Fs ................... 4.2 2.1 18.2 6.2 11.1 5.0 3.9 2.4 0.7
Fa ..................... 10.7 9.3 15.3 14.4 8.7 2.9 5.9 1.5 2.5
Fo ..................... 77.6 84.5 63.9 38.0 11.3 13.0 4.4 4.2 1.9
Q .................. 2.0 0.3 -7.5 21.2 20.8 22.8 31.5 33.4 49.9
L ............. 0.8 2.1 4.8 3.7 24.5 42.2 46.6 52.9 44.1
M ..................... 97.2 97.6 102.7 75.1 54.7 35.0 21.9 13.7 6.0

For sample iocalities, see fig. 35
Analysts: lW. Frisch, 2H. R. Keusen

Older sequence
2528: dunile
2531: metasomatically influenced dunite
2535: metasomatically influenced dunite

(phlogopile-magnelile-dunile)
2484: pyroxenite
2485: melteigile (within pyroxenile)
2500: melteigile (marginal zone)
2498: contaminated marginal zone rock of dioritic composition

Country rocks
2570: fenitized granite gneiss (alkali syenite)
gdg : granodiorite gneiss, average material. Mellemø, 100 m west of contact of Skaergaard intrusion (Wager & Deer, 1939, p.lO)
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2522' 2482' 2481 2 2493 2 25182 2538' 2563 2 2568' 24942 unc-l unc-2

40.20 46.50 56.40 61.00 38.10 38.00 33.20 13.80 1.52 38.57 38.04
7.35 0.51 0.48 0.82 2.20 4.55 3.90 11.50 0.10 1.71 1.98

10.00 21.70 22.00 19.45 4.91 5.35 4.69 4.40 0.04 5.79 6.34
6.84 5.02 4.01 1.45 7.86 6.65 16.58 20.60 0.17 5.41 8.45
5.23 1.51 1.01 0.50 5.60 4.25 11.09 11.80 0.48 3.33 5.90
0.27 0.04 0.02 0.03 0.28 0.12 0.28 0.27 0.06 0.16 0.23
6.10 2.42 0.61 0.41 7.82 7.90 5.04 7.60 0.37 8.44 7.81

12.00 5.05 0.10 0.56 28.40 28.70 18.30 18.90 50.40 30.72 27.19
5.75 12.60 12.50 9.75 3.07 2.26 1.45 0.10 0.27 2.34 2.16
Ul 2.81 2.50 3.30 0.08 0.25 0.85 1.83 0.03 0.42 0.12
2.20 0.52 n.d. n.d. 1.04 0.50 3.54 7.60 1.66 0.83 0.24
0.51 1.20 0.65 1.21 0.62 0.46 0.81 0.30 0.62 0.62 0.48
n.d. 0.14 n.d. n.d. n.d. 0.20 n.d. 0.55 43.80 1.28 0.30
2.80 n.d. 0.16 1.20 n.d. n.d. n.d. n.d. n.d. n.d. n.d.

--
100.36 100.02 100.44 99.68 99.98 99.04 99.73 99.25 99.52 99.62 99.24

92 114 178 237 65 67 62 23 3 66 65
13.5 31.5 41 44.5 5 5.5 5 4 0.05 6 6.5
43 21 15 8 38 36 55 60.5 2 33.5 39.5
29 13 0.5 2.5 52 54.5 36.5 33.5 97.5 56.5 50
14.5 34.5 43.5 45 5 4 3.5 2 0.45 4 4
0.11 0.13 0.12 0.18 0.02 0.08 0.39 0.90 (0.07) 0.10 0.03
0.48 0.42 0.20 0.28 0.52 0.57 0.25 0.31 0.47 0.64 0.50

12.6 0.9 U 2.3 2.9 6.0 5.5 14.2 0.1 2.2 2.6
2.1 0.5 0.7 0.4 2.8 5.3 1.3 0.6 0.2

-63 -115 -88 -42 -55 -49 -50 -85 -98 -50 -51
0.54 0.75 0.78 0.72 0.56 0.59 0.57 0.61 0.22 0.60 0.56

4.4 0.9 2.0 l.l 7.7 17.3 6.1 1.7 0.6
5.3 0.3 0.3 0.5 1.6 3.3 3.0 9.2 0.1 1.2 1.4
4.2 9.4 8.4 11.4 0.3 0.9 3.3 7.3 0.2 1.4 0.3

29.9 57.4 59.2 51.0 16.1 12.6 8.5 0.8 13.1 12.2
1.2 3.1 2.0 0.2 0.5 1.2

2.2 2.6 4.2 2.6 4.5
14.7 6.3 0.2 0.8 41.5 42.2 21.9 14.7 132.5 44.2 39.3

7.5 4.9 3.9 1.5 8.4 7.3 19.2 24.8 0.3 5.8 9.2
6.7 1.7 U 0.6 7.0 5.3 14.6 16.1 1.3 4.1 7.4

13.1 4.7 1.3 0.8 16.6 17.0 11.5 18.1 1.4 18.0 16..8
13.0 11.3 23.6 33.2 6.0 8.1 7.7 -12.5 -43.1 7.9 8.3
34.1 66.8 67.6 62.4 16.4 15.7 14.4 12.3 0.2 17.1 17.0
52.9 21.9 8.8 4.4 77.6 76.2 77.9 100.2 142.9 75.0 74.7

Dyke sequence
2522: tawite
2482: urtite
2481: albite-bearing urtite
2493: sodalite syenite

Younger sequence
2518: uncompahgrite (central body)
2538: uncompahgrite (outer body)
2563: layered uncompahgrite, rich in magnetite, perovskite and apatite
2568: layered magnetite-perovskite-apatite rock
2494: calcite carbonatite (sovite)

Uncompahgrites from type locality
unc-1 and unc-2: uncompahgrites from lron HiIl, Colorado; analyst G. Steiger (Larsen, 1942, p. 13)



Gardiner Plateau

Kangerdlugssuaq Gletscher

1km

Fig. 35. Sample Jocality map ol' the Gardiner intrusion (samples mentioned in the text only). Sample numbers are those lIsed in the fjeld.
A representative co!Jection is held by the GeologicaJ Survey ol' Greenland.
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CONCLUSIONS

The older sequence and the dyke sequence of the Gardiner intrusion appear to
be closely related to each other. A peridotitic magma gave rise to the ultramafic
representatives of the older sequence, and at a later stage in its fractionation to
strongly alkaline undersaturated rocks.

Olivine was the first phase to crystallize and resulted in the formation of the
dunites and the enrichment of Ca in the residual melt. Diopside then crystallized
giving rise to the pyroxenites.

Alumina and alkalis could not enter the early formed phases, and accumulated
in the melt. Rocks formed during later stages, Le. the melteigites, tawites, urtites,
and syenites are enriched in these elements.

It is probable that the alkaline rocks have split off from the pyroxenites. The
melteigites with their transitional borders to the pyroxenite, and the character of
the early dykes (i.e. the amphibole pyroxenites and tawites) make this presump
tion plausible. All these rocks have an early formed diopsidic pyroxene as a major
constituent. The later formed minerals reflect the alkaline chemistry of these
ro.cks: aegirine, sodic amphibole and feldspathoids. Aegirine and feldspathoids
are extremely abundant in the latest uncontaminated differentiates, i.e. the urtites
ofthe dyke sequence. The chemistry ofthe dyke rocks supports the suggestion of
contamination with the magma of the younger sequence.

Assimilation of acid country rocks is responsibie for the formation of the con
taminated marginal zone rocks, and probably for certain ofthe late syenite dykes.

The younger sequence is characterized by its extreme undersaturation and a
richness in volatiles. The high volatile content has resulted in the intense contact
metasomatism.

From other localities uncompahgrites and other melilite rich intrusive rocks can
be seen to be associated with carbonatites (e.g. Iron Hill and Oka). The genetic
relationship between the strongly undersaturated melilite rocks rich in calcium
and the carbonatite dykes of the Gardiner intrusion is extremely likely. For these
reasons it is suggested that beneath the central part of the intrusion there may be a
carbonatite body lying at a shallow depth (plate 2).

The intrusion best comparable with the Gardiner intrusion is lron Hill, Colo
rado (Larsen, 1942). Although there are no dunites in Iron Hill, there is a large
pyroxenite (diopside) body bordered by alkali syenites against the granitic and
gneissic rocks of the basement. Ayounger carbonatite body sends dykes into the
older rocks. Uncompahgrite occurs as smaller bodies within the pyroxenite.

In Oka, Quebec, centrallayered carbonatites are encirc1ed by alternating ijoli
te, okaite (melilite with minor nepheline and haiiyne) and carbonatite series
(Gold, 1972). The age relationships are complex, but generally ijolite (older) 
okaite - carbonatite (younger).
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Another intrusion with melilite rocks is the Kovdor massif, the Kola peninsula
(Borodin & Pavlenko, 1974). Nepheline-pyroxene rocks and melilite rocks (e.g.
tUljaites: melilite with minor nepheline) are grouped around a central body of
dunite and altered dunite which is an older and partly replaced generation.

Concerning the genesis of the magma giving rise to the formation of the rocks of
the Gardiner intrusion, the folIowing suggestions are made:

(1) The uncompahgrites are genetically related to the dunites and pyroxenites.
This is supported by the arrangement of the uncompahgrites within the intrusion
and by the correspondence of the main rock types with those of other similar
intrusions (especiaIly Iron Hill).

(2) Some process of magma differentiation took place which is mainly indepen
dent of the country rocks; assimilation processes are not responsibIe for the
generation of the uncompahgrites. This is supported by the entirely identical
composition of the uncompahgrites from Iron Hill and the Gardiner intrusion.
Limestone assimilation can be excluded as the Archaean basement of the Gardi
ner intrusion is bare of such rocks.

(3) The rocks of the dyke sequence split off from the residual magma of the
older sequence. The strong underiaturation may be due to mixing with parts of
the carbonatitic-uncompahgritic magma. This is supported by the distribution of
the minor elements.

(4) As the intrusion is structurally related to a rift-like feature along the fjord of
Kangerdlugssuaq (Brooks, 1973), it is likely that the common magma source is
situated in the low-stress zone within the mantle beneath the rift structure. It is
proposed that a peridotitic magma underwent fractionation whereby the role of
volatiles, above all carbon dioxide and alkalis, is likely to be an important factor.
As the dunite and pyroxenite producing magma was poor in volatiles, volatile
supply is considered to have occurred after the generation of these rocks and may
be responsibIe for the production of an uncompahgritic melt. The compositional
layering of uncompahgrite observed in places is comparable with the layering in
'stratiform peridotites' (Thayer, 1960) which is evidence that there has been a
melt of uncompahgritic composition.

SUMMARY

The Gardiner intrusion was discovered in the summer of 1971, and lies in the
inner region of Kangerdlugssuaq fjord. It is composed dominantly of ultramafic
rock types, and is one of a number of plutonic complexes occurring in the East
Greenland Tertiary Igneous Province.

The intrusion occurs on the line of the north-north-west striking Kangerdlug~
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ssuaq fault system. It is circular in shape with a diameter of 6 km, and cuts both
Archaean gneisses, and Upper Cretaceous to Lower Tertiary plateau basalts.

Calculation has produced an estimate of 1-1.5 km for the cover thickness at the
time of emplacement. The present exposure is at a high level with the contacts
generally dipping away from the intrusion centre.

Rocks of the intrusion can be placed into three categories: (1) an older sequence
composed of dunites, pyroxenites, and a narrow marginal zone of alkali rich
rocks; (2) a strongly alkaline and undersaturated dyke sequence; and (3) a youn
ger sequence of uncompahgrites (intrusive melilite rich rocks) and carbonatites.

The older sequence consists of a series of concentric zones of both dunite and
pyroxenite, the zones being broader towards tOO outer parts of the intrusion and
narrower towards the centre. In these rocks the olivines are highly forsteritic, and
the pyroxenes diopside. The rocks ofthe marginal zone occur where the intrusion
is in contact with country rock, and consist of melteigite where the country rock is
plateau basalt, and of contaminated rocks where the country rock is the basement
gneisses. The assimilation of granitic material by these marginal rocks has resul
ted in a marked increase in plagioc1ase (introduction of Al and Si). The bording
gneisses themselves show a narrow zone of fenitization, characterized by the
introduction of Na, Ca and Mg.

The dyke sequence consists of a wide variety of rock types which lie either
radially or concentrically with respect to the centre of the intrusion. Amphibole
pyroxenites, tawites, urtites, and sodalite, nepheline and alkali-feldspar syenites
are all represented.

Geochemical evidence suggests a relationship between the older sequence and
the dyke sequence rocks. Both sequences are undersaturated, and show conti
nuous differentiation series on the variation diagrams, with a marked trend to
wards Na-enrichment. However, the distribution of the minor elements and the
stronger undersaturation of the dyke rocks suggest contamination of the magma
of the dyke sequence by the magma of the younger sequence. Thus it is suggested
that the dyke sequence rocks have originated by differentiation of a peridotitic
magma, and mixing with parts of the carbonatitic-uncompahgritic melt.

The younger sequence is represented by two circular bodies of uncompahgrite
occurring near the centre of the intrusion. The uncompahgrite corresponds both
in mode and chemical composition to that of the type locality.

Within the uncompahgrite are accumulations, consisting of magnetite, perov
skite, apatite and phlogopite on the one hand, and melilite on the other. These
layers dip at a moderate angle towards the centre of the intrusion, and are thought
to have forrned in the present inc1ined position. More massive aggregate concen
trations of perovskite and magnetite occur, at most a few metres in thickness,
particularly in a zone around the contact of the inner uncompahgrite body.

Wet chemical analyses of perovskite and melilite are given.
A small number of carbonatite dykes, genetically related to the uncompahgrite,
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occur within rocks of the older sequence. The carbonatite dykes indicate the
possibility of theo presence of a carbonatite centre of the intrusion.

The intrusion of uncompahgrite and carbonatite magma, rich in volatiles, has
resulted in intense alkali metasomatism of the pyroxenites and particularly the
dunites. Extensive replacement of pre-existing minerals has occurred, the major
replacing minerals being phlogopite, together with ca1cite, pyroxene, amphibole,
perovskite, and melanite-schorlomite.

It is likely that, finally ,older and younger sequence rocks return to a common
peridotitic magma source in the low-stress zone within the mantle beneath the
Kangerdlugssuaq rift structure.
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APPENDIX

List of samples from the Gardiner intrusion,
Kangerdlugssuag, East Greenland

2481
2482
2483
2484
2485
2490
2493
2494
2496

GGU No.

47804
47806
47807
47808

47812
47813
47814

Albite-bearing urtite (dyke)
Urtite (dyke)
Altered urtite (dyke)
Pyroxenite
Melteigite
Mela-diorite
Sodalite syenite
Calcite carbonatite (sovite) (dyke)
Pyroxenite
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2497 Nepheline syenite (dyke)
2498 47816 Diorite
2500 Melteigite
2501 47818 Dunite
2504 Melteigite
2511 47821 Tawite (dyke)
2512 47822 Dunite (partly serpentinized)
2516 Pyroxenite
2518 47823 Uncompahgrite
2520 47824 Alkali-feldspar syenite (dyke)
2522 47825 Tawite (dyke)
2527 Dunite
2528 Dunite
2529 47826 Dunite
2530 47827 Dunite
2531 47828 Dunite
2532 Urtite (dyke)
2534 47830 Dunite
2535 Dunite (phlogopite-bearing)
2537 Amphibole pyroxenite (dyke)
2538 Uncompahgrite
2540 Melanite-perovskite rock
2544 Melanite-perovskite rock
2545 47833 Melanite-perovskite rock
2546 Pyroxenite
2547 Dunite
2551 Dunite
2562 Alkali-feldspar syenite (dyke)
2563 47837 Layered uncompahgrite, 2 varieties
2566 Uncompahgrite
2567 Altered uncompahgrite
2568 Layered magnetite-perovskite-apatite rock
2569 Mela-diorite
2570 47840 Fenitized basement

Position of samples is indicated on fig. 35.

REFERENCES

Bearth, P. 1959: On the alkali massif ofthe Werner Bjerge in East Greenland. Meddr Grønland 153, 4,
63 pp.

Beckinsale, R. D., Brooks, C. K. & Rex, D. C. 1970: K-Ar dates for the Tertiary of East Greenland.
Bul/. geol. Soc. Denmark 20, 27-37.

Borodin, L. S. & Pavlenko, A. S. 1974: The role of metasomatic processes in the formation of alkaline
rocks. In Sørensen, H. (edit.) The alkaline rocks. 622 pp., London-New York-Sydney-Toronto: J.
Wiley & Sons.

Brooks, C. K. 1973: Rifting and doming in southern East Greenland. Nature Phys. Sd., Land. 244,
23-25.



62

Deer, W. A., Howie, R. A. & Zussman, J. 1964: Rockforming minerals. 1. Ortho- and ring-silicates.
3. London: Longmans.

Frisch, W. & Keusen, H. 1975: Eine neue uitramafitisch-alkalische Intrusion in Ost-Gronland.
Schweiz. Miner. Petro Mitt. 55, 132-136.

Gold, D. P. 1972: The Monteregian Hills: ultra-alkaline rocks and the Oka carbonatite complex. 24th
Int. geol. Congr., Montreal, Excursion Guidebook B-lI, 47 pp.

Haller, J. 1971: Geology ofthe East Greenland Caledonides. 413 pp. London-New York-Sydney-To
ronto: Interscience.

Hamilton, E. I. 1966: The isotopic composition of lead in igneous rocks. Earth Planet. Sci. Lett. 1,
30-37.

Howie, R. A. & Woolley, A. R. 1968: The role of titanium and the effect of Ti02 on the cell-size,
refractive index, and specific gravity in the andradite-melanite-schorlomite series. Mineralog. Mag.
36, 775-790.

Kapp, H. 1960: Zur Petrologie der Subvulkane zwischen. Mesters Vig und Antarctic Havn (Ost-Gron
land). Meddr Grønland 153, 2, 203 pp.

Kempe, D. R. C. & Deer, W. A. 1970: The mineralogy ofthe Kangerdlugssuaq alkaline intrusion, East
Greenland. Meddr Grønland 190, 3, 95 pp.

Kempe, D. R. C., Deer, W. A. & Wager, L. R. 1970: The petrology of the Kangerdlugssuaq alkaline
intrusion, East Greenland. Meddr Grønland 190, 2, 49 pp.

Larsen, E. S. 1942: Alkalic rocks of Iron Hill, Gunnison County, Colorado. Prof Pap. U.S. geol.
Surv. 197-A, 64 pp.

Larsen, E. S. & Hunter, J. F. 1914: Melilite and other minerals from Gunnison County, Colorado.
Washington Acad. Sci. J. 4, 474-479.

Streckeisen, A. 1974: Classification and nomenclature of plutonic rocks. Geol. Rdsch. 63, 773-786.

Thayer, T. P. 1960: Some critical differences between alpine type and stratiform peridotite-gabbro
complexes. 21st Int. geol. Congr., Copenhagen 13,247-259.

Troger, W. E. 1969: Spezielle Petrographie der Eruptivgesteine. 360 pp. Stuttgart: Schweizerbart.
Wager, L. R. 1947: The stratigraphy and tectonics of Knud Rasmussens Land and the Kangerdlug

ssuaq region. Meddr Grønland 134, 5, 64 pp.
Wager, L. R. & Deer, W. A. 1939: The petrology ofthe Skaergaard intrusion, Kangerdlugssuaq, East

Greenland. Meddr Grønland 105, 4, 352 pp.
Wager, L. R. & Hamilton, E. I. 1964: Some radiometric rock ages and the problem ofthe southward

continuation of the East Greenland Caledonian orogeny. Nature, Lond. 204, 1079-1080.
Watkinson, D. H. 1972: Electron microprobe analysis of me1ilite and garnet from the Oka complex,

Quebec, Canad. Miner. 11, 457-463.
Yoder, H. S., Jr. & Sahama, T. G. 1957: Olivine X-ray determinative curve. Arner. Miner. 42,

475-491.



Mapped by W. Frisch and H. Keusen with collaboration of G. Malecki in August 1971

Bull. Grønlands geol. Unders. 122

GARDINER INTRUSION: GEOLOGICAL MAP

G E U S
Report File no.

22274

Enclosure (2/2)

Plate 1

1km

} 'marginal zone'

o

1 : 25 000

Quaternary

dolerite & ultramafic dykes
(Lower Tertiary)

massive perovskite concentrations

calcite carbonatite dykes

aIka li -metasomatic alteration
zones in dunite & pyroxenite

phlogopite zone

sodalite (nepheline) syenite dykes

pyroxenite

contaminated rocks

melteigite

plateau basalts (Lower Tertiary)

tawite dykes

~
~

~
~

PRE -INTRUSIVE COUNTRY ROCKS

Cdunite

bZJ urtite dykes

DYKE SEOUENCE

bZJ alkali-feldspar syenite dykes

lZl amphibole pyroxenite dykes

D granitic gneiss (Precambrian)

I~=-==~I layered uncompahgrite

C uncompahgrite

OlDER SEQUENCE OF INTRUSION

1.///1 fenite

CD
o
o

~ YOUNGER SEOUENCE OF INTRUSION

68 0 38'15"

'0\ 1
~.

~\
~.
~\

Ul'
~).

<;)ly.}

~\

\
\

\

\
\

Gardiner Sø \
700

\
\

\
\

\
\

\
\

\
\

\

\7
\

\

Kangerdlugssuaq Gletscher

2040 -
Ana erssuaq <.

Gardiner Plateau

68 0 35' 20"

The topographic map has been drawn by the use of the provisional map 1:50000 and of aerial photographs (central and south-eastern parts), as well as by observations

and measurements with a Thommen altimeter. Gardiner Sø has been taken as a fixed point with 700 m above sea level

1400

1200

o,.....
00,.....
o
M
M

TRYKT 1/977 VED: A·S J. JØRGENSEN & CD. BOGTRYKKERI



Bul!' Grønlands geol. Unders. 122

GARDINER INTRUSION: GEOLOGICAL PROFILES

Plate 2

G E U S
Report File no.

22274

Enclosure (1/2)

SW E
Anorerssuaq

m

2000 -

Profile 1
m

- LOOO

profile 2

~

- 500

- 1500

- 1000Gardiner Sø
/~--

,/ 7
/ . \

Carbonatite

1500 -

1000 -

For Legend see
m NNE Profile 2 SSE

profile 1 m

1500 - - 1500

~geological map Kangerdlugssuaq
Gletscher

1000 - - 1000

O 1:25000 1km

500 - - 500

TRYKT I 1977 VED' A·S J JORGENSEN & co BOGTRYKKERI


	Front cover
	Abstract
	Contents
	Introduction
	Geological review of the East Greenland tertiary igneous province
	Geological survey of the Gardiner intrusion
	The rock sequences
	The contacts of the intrusion with the country rocks
	The age of the Gardiner intrusion
	Structural relations

	The petrography of the Gardiner intrusion
	The rocks of the older sequence
	Dunite
	Alkali-metasomatized dunites in the contact zone of uncompahgrite

	Pyroxenite
	The marginal zone
	Melteigite
	Contaminated marginal zone rocks
	Fenite
	The contamination process


	The rocks of the dyke sequence
	Amphibole pyroxenite dykes
	Tawite dykes
	Urtite dykes
	Sodafite (nepheline) syenite dykes
	Alkali-feldspar syenite dykes

	The rocks of the younger sequence
	Uncompahgrite
	Massive perovskite concentrations
	Alkali-metasomatic alteration zones

	Carbonatite dykes


	Geochemistry
	Main elements
	Minor elements

	Conclusions
	Summary
	Acknowledgements
	Appendix
	References
	Plate 1
	Plate 2



