
G E U S
Report file no.

22194

GRØNLA DS GEOLOGISKE UDERSØGELSE

BULLETIN No.42

THE GEOCHEMISTRY
OF THE ORTHERN PAR1

,

OF THE ILIl\1AUSSAQ INTRUSION,
S. W. GREENLA D

BY

E. I. HAMILTON

WITH 31 FIGURES, 23 TABLES,IN THE TEXT

AND 1 MAP

Reprinled {rom
Meddelelser om Grønland. Bd. 162. Nr. 10

KØBE HAVN

BIAr\CO LUNOS BOGTHYl{I{ERl A/S

1964



GRØNLANDS GEOLOGISKE UNDERSØGELSE
BULLETIN No.42

THE GEOCHEMISTRY
OF THE NORTHERN PART

r

OF THE ILIl\1AUSSAQ INTRUSION,
S. W. GREENLAND

BY

E. I. HAMILTON

WITH 31 FIGURES, 23 TABLES IN THE TEXT

AND l MAP

Reprinted from
Meddelelser om Grønland, Bd. 162. Nr. 10

KØBENHAVN

BlANCO LUNOS BOGTRYKKERI A/S

1964



CONTENTS

Abstract " 4
Introduction 5
Acknowledgement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
The Outer Contact, and Rocks of the Marginal Augite Syenite . . . . . . . . . . . . . . . 9

I. Type Area - Kangerdluarssuk Fjord. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
II. Marginal Syenite in the north-western area " 16

III. The Upper Contact and Rocks of the Augite Syenites " 20
Petrology and Chemical Composition of the Augite Syenite " 24

I. Rocks representative of the outer fine-grained (chiIIed) facies of the
augite syenite 24

I I. Rocks representative of the main part of the augite syenite. . . . . . . . .. 25
III. Inner facies of the augite syenite adjacent to the naujaite
Chemical Analyses " 26
Conc!usions 32

Pulaskite 34
Field description of the Ilimaussaq pulaskite (northern area) " 36

The Agpaitic Rocks of the Ilimaussaq Intrusion " 39
I. SodaIite Foyaite " 39

II. Naujaite " 40
III. Lujavrites - Kakortokites " 46
IV. Quartz Syenite 49

The Transition Series. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 54
The IIimaussaq Granite " 61
Dikes and Faulting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 72
The geochemistry of uranium and thorium together with the distribution of

radioactivity in the llimaussaq Intrusion " 74
Chemical procedure 74
The distribution of uranium and thorium 74
The distribution of radioactivity in the Ilimaussaq Intrusion 77

The distribution of potassium and rubidium and K/Rb ratios in the IIimaussaq
Intrusion 84

Geochemistry of beryllium and niobium in the Ilimaussaq Intrusion . . . . . . . . .. 90
Additional notes on the distribution of some elements 97

Lithium " . .. . . . . . . . 97
Gallium '" " . . . .. . 97
Tin............................................................... 98

Conc!usions 99
Appendix " 101
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 102

1*



Abstract.

The Ilimaussaq intrusion (S. W. Greenland) was emplaced into granitic Precam
brian basement rocks. The intrusion is of a highly alkaline nature and in terms of
rocks types, its major-, minor- and trace elements, may be compared to the Khibina
Lovozero intrusion of the Kola Peninsula, U.S.S.R. The present paper describes the
geochemistry of the northern part of the intrusion and the marginal rocks. New
total rock analyses are given together with the detailed geochemistry of U, Th,
Radioactivity, Nb, Rb, Li and Be.

The Ilimaussaq intrusion consists of an early augite syenite chilled against the
country rocks. The augite syenite forms a more or less continuous ring around and
above the intrusion. The main central mass of the intrusion consists of poorly layered,
very coarse-grained, Na-rich "foyaite" containing relatively large amounts of sodalite
and eudialyte. Differentiation of the "foyaite magma" gave rise to a volatile rich
residual liquid from which lujavrites were formed. Differentiation of the lujavrites
in the central area of the intrusion resulted in a lower banded sequence, the kakor
tokites, and an upper lujavrite liquid. When the confining pressure was exceeded,
explosive brecciation occurred and lujavrite was intruded into the surrounding rocks.

At a high level in the intrusion a sheet-like body of soda granite was emplaced
together with various quart-bearing syenites. The relative time of intrusion of the
quartz-bearing syenite is uncertain through lack of field evidence. Emplacement of
the early augite syenite may be related to ring faulting followed by cauldron sub
sidence. The later Na-rich rocks may have replaced the earlier layered augite syenite,
or have been emplaced into a "magma chamber" developed by cauldron subsidence.
The Na-Zr-Cl-rich rocks showevidence of cooling inwards with the development of a
central volatile-rich pocket. The Ilimaussaq rocks probably represent a final highly
fractionated stage of the more normal augite syenite magma common to the
S. W. Greenland alkaline province.



50 km

.o/ko/In" mossif. J, IIfmouJSoq batho/i/h

1, /vig/u/ 4, /go/iko bOlholith

2, Grønnodo/ 5, rug/u/59

60·JO''--------j-------t----------jr.::-:'--='''-'<.'Jff..,4L+-----;i

Fig. '1. Skelch map showing the position of the llimaussaq Intru 'ion in relalion lo
soulh-west Greenlanct,

I ~TROD eTIO'

l '" he igncou' rock' of the Ilimau saq Intrusion have become classical
through the careful and dctailcd work of N. V. USSINC (1912). In the

present study the nOl'thcrn haH of the intrusion has been mapped on a
scale of 1 :10,000, In the first season, 1957, the approximate distribution
of the rocks was mapped and a detailed collection made. In the second
fjeld season, 1959, the northern part of the intrusion was mapped in
conjunction with geo hemical f1 'Id studies at a base geochemicallabora
tory,

IXC described the intrusion in terms of a seq uence of magmatic
event , \VEC~IAi\"X (1938) viewed tito intl'usion a having been formed
through the metasomatic transformation of essexite, nor'dmarkite and
yolcanics into nepheline syenitc', Rerently SORENSE.' (195 ) expressed
the opinion that a combination of magrnatic and metasomatic pT'ocesses
are in best agreement with the f1eld obseI'vatians.

This paper forms the fir·t af a series af papers dealing with the
petrochernistry of the northern part of the intrusion bounded on the
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Fig. 2. Outline rnap of the Ilirnaussaq area with JocaI place names. ScaJe 1 :143.000.
(From SØRENSEN, 1. O. G. Bd. 167, -l'. 1, fig. 1).
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south by Tunugdliarfik fjord. It is in this area that down-faulting has
preserved the roof rocks and the total sequence of marginal syenite,
agpaites and granite ean be observed.

USSING (1912) described the intrusion under two main rock groups,
the "unstratified" (augite syenite, essexite, nordmarkite) and the strati
fied, peralkaline, agpaitic nepheIine syenites (foyaite, sodalite foyaite,
naujaite, kakortokites, lujavrite).

Although the intrusion is free from vegetation the outcrops are
commonly obscured by thick and extensive scree slopes. In some areas
exceptionally good and continuous exposures from the naujaite to the
overlying vo1canics may be studied. It is, however, difficult to correlate
the various exposures due to almost vertical rock faces or exceptionally
steep slopes. The field relations will be described under the headings of the
main rock types together with the resuIt of preliminary optical exa
mination of thin sections. A sketch map showing the position of the
IIimaussaq Intrusion in relation to southwest Greenland is given in Fig. 1.
An outline map of the intrusion and local place names is given in Fig. 2.,
while Fig. 3. is USSING'S original geological map of the IIimaussaq region.
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THE OUTER CONTACT, AND ROCKS OF THE

MARGINAL AUGITE SYENITE

The Ilimaussaq Intrusion, and related rocks, form a crude rectangle
measuring 19 km. by 13 km. and trending N. W.-S. K The intrusion is
cut into two parts by Tunugdliarfik fjord trending roughly N. K-S. W.
In the south-eastern part the marginal syenite (USSING'S augite syenite)
forms a more or less complete border around the intrusion, and has been
described by USSING (1912).

In the north-western half of the intrusion, recent mapping has shown
that at one time the marginal syenite was probably continuous around the
intrusion, as has also recently been mentioned by BONDAM (1960). In this
north-eastern sector it is presumed from the mapping that the marginal
syenite is overlain by a continental series of volcanics and sandstones
called the Gardar Formation (WEGMANN, 1938). The intrusion was
originally roofed by syenite identical in mineral and chemical composition
to that of the marginal augite syenite. These rocks are overlain by, and
chilled against, a few erosion relics of the Gardar Formation.

The type area for the marginal augite syenite is in the south-eastern
half of the intrusion along the shores of Kangerdluarssuk fjord. The rocks
are exceptionally well exposed along the shores of the fjord, and in river
sections draining the Iviangiussat and Kringlerne areas. A fault passing
through Kangerdluarssuk fjord has resulted in rocks of a lower level being
exposed along the south-eastern shore. Although the author has not
mapped the rocks in the south-eastern half of the intrusion, the mar
ginal syenite has been carefully examined and specimens have been
collected for a detailed study. The distribution of the marginal
syenite in this area as mapped by USSING (1912) is accurate and only
minor differences were noted.

I) Type Area - Kangerdluarssuk Fjord.

a) South-east side of the fjord.

In this area the marginal syenite is distinctly chilled against the
country rock of Julianehåb granite. The granite is leucocratic, phanero
crystalline, non-porphyritic, and rather poor in macrocrystalline quartz.
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Fig. 4. TypicaJ pegrnalile of tho augite syenite, developed just within the chilled
bOl'del'. Kangcrdluar suk rjord, soulh side.

The granite appears to be slightly altered up to a distance af seven metres
from the contact with the marginal syen ite. At the actual contact the
granite i of a chalky altered nature with occasional clusters of brown
mi'a and brown zircon~.

The chilled yenite is fine-graincd at the contact and shows local
flo\", patterns. The ehi1Jed zone change imvards into a rock of lightly
coarser grain 'ize with Lhe development of sma11 patche of pegmatite, as
shown in Fig. 4. The development of these pegmaLitic patches adjacent to
a chilI zone i a common feature of thc area. Similar pegmatitic patchc
are dcveloped in the chilled Nurssaq gabbr'o ( I:'iC' e sexite). The
pcgmatitic variety passes gradua1Jy into a medium- to fairly coar'se
grained sycnitc, with well developed mafic and leucocraLic band, Fig. 5.
Whel'e the rock is not bandcd thc mafle mineral are rouped together in
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Fig. 5. !. lIcocl'alic and mafk band oI a I'IlVlhmic type rle\'cloped in llLe augile
ycnile. Kangerdlllar"sllk Fjord, outh side.

clusters measuring bctwccn 1-2 cm. in width. The undistur'bed handing
dips teeply inwards. Thc banding Ol' layering is of a dlythmic type,
several units being developed in a normal non-Iayered augite syeniLe. Tn
the ddTerenLiated layers the manes are coneenLrated at the bottom;
passing upward they become less abundant and the rock passe into a
leucocratic ,yenite withlocal pOOl' lamination of the feldspar's. IL appeal'
to be signincant thaL tlle traces of interprecipitate nepheline normally
found in the auaiLe syeniLe, are missing in the banded part.

Inwar'd s from the banded zone of the marginal augite syenite there
is an area of unbanded rock adjacent to the l<akortokites. The syenite
shows no decrease in gruin size al the contact with the kakortokitos
\vhich in conLra -t are extremely pegmatitic and very variable in g,'ain
size, Fig. 6. WiLhin the kakortokitcs the marginal syenite is pre 'ent a
large and small gener'ally nat lying inc1usions. The banding of the kakorto
kites passe around these inclu ion, It is believed that Lhe e xenoliths of
the marginal type syenite are not deriyed from the acLual marginal areas,
but from originally overlying augitc syenite.

At the foot of hiangiussat the augite syenite contai ns abundanL
inclusions of very pure whito sand stone. Some of the fragments measure
at lea t 100 x 50 m. while others range down to smaU angltlar inclusions a
few cms. in diameter. Thc banding in the augite syenite is locally dis
turbed about the sandstone bloeks which aro generaIJy urrounded by a
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Fig. 6. Banded pegrnaLite developed betwcen the inner faeies of the augite syenite
and thc kakorLokitcs. Kangcrdluarssllk fjord, souLh side.

Fig. ?-A. Globular areas of soda granite developed in pure whitc sandstone. Iviangiu
ssaL, Kangel'Clll1al'ssl1k fjord. HaH natural ize.

zone of soda granite. U SIl\G regarded the granite a having been formed
by reaction between the xenoliths of sandstone and the enc10sing augite
sycnitc magma. Although this view seems reasonable there remain
certain features which are difflcult to explain, thc main one being that the
sandstone does not normally grade out into soda gr'anitc and thcn iuto
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Fig. 7-B. Pockels af soda granile culling and l'epJacing sanclslone. lviangillssat,
Kangerdlllarssllk fjord, south side.

syeni"le. The contacts are qu.ite sharp; the only visual efl'ect on the
sandstane is reerystalhsation, and an inerease in the grain size. The
granite cuts both the syenite and the sandstone. Anather remarkable
feature is the develapment of almost spherieallobes af granite eompletely
enelosed within the andstone, Figs. 7A, 7 B. The auter rim af mafie
minerals whieh is a feature of the gr'anita appears to be an example af a
loeal basic front. Optical examinatian af same af the roeks eoJleeted has
shown that the first "foreign minerals" to develop in the sand stone ar'e
aegirine, aegirine-augite and some sodie arn phibole. ,\Vithi n the surround
ing augite syenite nepheline is absent, whereas a httle quarLz boLh enclosed
by ancl enclosing the major minerals is a eommon feature. EIsewh.ero in
this southern aroa tho marginal augite syenite does not show any tendeney
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to become quartz bearing. In fact, passing inwards away from the margins
the amount of nepheline increases. For these reasons it appears that the
small amount of quartz seen in the augite syenite is a feature of contami
nation with the enclosed sandstone, as was described by USSING (1912).

b) Border-zone between Kangerdluarssuk and Tunugdliarfik.

As described before, these exposures are regarded as representing a
higher level in the intrusion. The country rock is still the Julianehåb
granite. At the contact the granite is altered, and iron-stained for a
distance of at least 20 m. The rock exposures in this area are rather
narrow due to the steep scree-covered slopes of Nunasarnaussaq. This
mountain is composed of granite overlain by sandstone associated with
several flows of diabase.

At the contact zone of marginal augite syenite with the granite, the
syenite is fine-grained and shows chill features against the granite. The
chill zone is composed of rounded blocks of syenite, measuring at the
maximum about two metres, enclosed within a matrix of mixed augite
syenite and granite. It forms a good example of backveining by the
partly remobilised granite. The granite became partly liquid at the
contact and enclosed masses of the almost solid augite syenite which
solidified before the remobilised granite. A typical exposure is given in
Fig. 8. The biotite in the country rock contains radioactive inc1usions
surrounded by well-developed pleochroic haloes. In the zone of back
veining microscopic examination shows that the haloes become bleached,
and after the breakdown of the biotite small zircons are released which
occur locally in the augite syenite.

Inward from the zone of back-veining the syenite develops typical
patches of pegmatite, and then with an increase in grain size passes into
the typical augite syenite. There are indications that some of the syenite
is banded, but the exposures are covered with scree. On the slopes of
Nunasarnaussaq the syenite intrudes the sandstone, leading to the
development of local quartz-bearing apophyses.

At the contact of augite syenite with naujaite neither rock shows any
decrease in grain size. The actual contact is obscured by scree but the
covered zone is only about 1 metre wide. Up to 30 metres from the
naujaite contact the augite syenite shows the development of eudialyte
and eucolite in pegmatites, along cracks, and in intercrystal areas. The
zirconium silicates are associated with feldspar, nepheline, aegerine, and
small amounts of sodalite. From the field relationships it would appear
that these minerals have been introduced from the naujaite, but it is also
possibIe that some of them represent extreme difTerentiates of the augite
syenite.
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Fig. 8. Augite syenite (dark coloul') back·vejnet! by lhe l'olllobilisod Julianehåb
granile. Kangerdlual'ssul< fjord, norlh side.

Fig. 9. Acgirinc, rims surrounding titaniferous augile..Aul{ile sypnitp, inner facies
Kangerdlual'ssuk fjord.

Key: Stipplcd - "\cgirine
Black - l ron oro.

lag. x28.

An examinatioll of thin scetions of the marginal augite syenite from
thi type area how a di tinet trend. In thc contact zones the main
mineral are eryptopelthite, purple-brown augite, fayalil,e, brown
hornblende, biotite, iron ore ,,-ith rims of lepidomelane, intererystal
nepheline and fluorite, and acee OIY apatitc. Pas ing inward the grain
size inereases and thc conspicuous mafle spot develop. The feldspars
show signs of exsolution and t\\'innin , the hOI'nblcnde develops in
ophitie patche , the oli\'inc often show rims of mYl'mekite-like sym-
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plectities of green amphibole, there is marginal replacement of the augite
by aegirine (Fig. 9.), and an increase in amount of intercrystal nepheline.
Still nearer the contact with the naujaite the previously ophitic brown
hornblende becomes poikilitic in texture. The amount of aegirine-augite
increases and the olivines become filled with orientated inclusions of iron
ore. Occasional intercrystal wedges of analcite have also been observed.

The fluorite in these inner rocks appears to have crystallised over a
wide temperature range. It occurs as inc1usions within the primary
precipitate minerals, in addition to crystallising from the interprecipitate
liquid. In some rocks the fluorite forms an almost continuous reticulate
pattern around the other minerals. In the eudialyte-eucolite-bearing
varieties apatite is rare.

II) Marginal syenite in the north-western area.

The following part of this paper is based on mapping carried out on
the scale of 1 :10,000. The geological sketch map is given in Plate 1.

The syenite exposed on the northern slopes above Tunugdliarfik is
difficult to examine in detail due to the very steep gradient and unstable
scree. The author is indebted to Dr. B. G. J. UPTON for help in mapping
this slope. From sea-Ievel to the 600 m. contour the syenite is associated
with lujavrite. The luvjavrite has brecciated the syenite into angular
fragments, and the matic minerals and feldspar of the lujavrite form flow
patterns around the inc1usions of syenite. The syenite is chilled against
the country rock volcanics, but the intrusion of lujavrite has led to much
alteration. In addition to brecciating the marginal syenite the lujavrites
also intrude the volcanics. The rocks from the 600 m. contour to Taseq
are badly exposed. The chill zone tends to be more resistant to erosion
and outcrops in a few places.

Three inc1usions of an almost pure feldspar rock occur along the
syenite-naujaite contact. They are very altered and are probably xenoliths
derived from the volcanic series. The outcrop of the marginal augite
syenite is displaced along the small stream draining the south-west end
of Taseq. The rocks in this valley are heavily faulted with the development
of much shearing and iron staining. Passing up the north-west slopes
from Taseq to the 600 m. contour the exposures of marginal syenite are
good. The chilled type is in contact with a porphyritic basalt which is
locally metamorphosed along the contact, and intruded by the chilled
syenite. The syenite does not appear to be banded. Heavy shearing and
iron staining obscures the exposures down to the Gletscher Elv. Fluorite
is developed along the shear planes and joint surfaces. Numerous large
inc1usions of a gabbro-like rock occur locally in the syenite. The inclusions
can be divided into two types; an almost pure feldspar rock and a
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Fig, 10, Contact of marginal augite sycnitc and naujaitc (top right), At thc contacL
the while zone is formed by fcldspalhisation of tlle augile sycnile. I aI'SSalll~lv. 200 m.

laminated gabbr·o. Both types are very altered with the doyolopment of
epidote. Tho contact of marginal yenite with the naujaite is generally
obscured by seree. Several yeins of lujayrite cut the syenite, and it is
noticeable that in the actuul eontact zone green aegirine-analcite
lujavrite predominates.

At the intersection of the marginal syenite contact with Gletscher
Elva new varicty of the augite syenite is encountered. In texture and
appeal'ance it is ,'ory similar to some of USSI~G'S nordmarkitos expo. ed
between Dyrnæs and Kusanga, but difTers from them in that quartz is
vel'y rare. Tn the hand-specimen the type rock is characterised by clo\'e
brown feldspar , generally measuring '1 xO.5 cm., I'irnmed by a narl'OW
zone of white feld pal'. The feldspars are unlaminated, and the malle
mineraloe ur botween them. Tho other constituent minerals are lightly
exso'lved cryptoperthite, cloye-brown augite with narrow aegil'.ine rims,
feliets of fayalitic olivine, are, green amphibole, biotite, apatite and
fluorite.

The syenite is chilled at the eontact with the Gardar vol anies. This
medium- to fine-grained chilled rock contains ryptopcl'thite, relict
oli Yines, acicu1ar mas e af aogir'ine, nepheline, aenigmatite, sphene,
abundan t apatite, are and fluorite.

The adjacont basaltic rocks have been locally a1Lered at tho contact,
the most out tanding foature being tho development af poikilitic aegirine

162 2
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Fig. 11. Conlaet of Lhc mar'ginal s.veniLc, upper' right in photograph, wiLh naujaile.
Coarsr aegil'ine pegmalile is clewloped at the conta t. "'\arssaq Elv. 200 m.

accompanieJ by the development of albite. In the syenite one metre in
from the contacL, ncpheline appeal' to bc absent and the major minerals
are cryptoperthite, fayalitic olivine, dove-brown augite, biotite, iron ore
and apatite. Fluorite, which wa concentrated along the actual eontact
and is visiblein hand-specimens is till present in smal] amounts. The
main textuI'al feature is the developrnent of Jaminated feldspars which
dip inward at 45°, but thc lamination ean not be traced for any di ·tance
because of the pOOl' exposure. The chilIed facies pas 'es into a rock of
slightly coarser grain size containing tbe typical patches af pegmaLite as
seen in the type areas at Kangerdluarssuk. The zone of pegmaLitic
syenite, which is about 20 m broad, passes into typically banded augite
syenite. The malle bands dip inwal'ds at an angle of 45°. The banded
syenite then pa 'ses into the main mass of unbanded and unlarninated
syeniLe. At the contact wiLh the naujaite, which is well expo ed, the
sycnite hows no deel'case in grain size. Tn the valley section between
the '100-200 m ronLoUJ's the syenite i intruded by numerous vein and
sills of lujavrite.

The ontact of the auaite yenite with the naujaite is marked by a
zone af whitc feld pathi rock some 10 cm in diameter. Chernicai etching
and staining of the rock sllrface in the field hows that this white zone
and the white rims sUJ'l'ounding the love-br'own feldspars in the type
rock <.:onsi t of a potassium-rich feld ·par. Figure 10 hows a typical Yiew



x The Geor-hemistry of Ihe I1imuu 'uq In LI'u:ioll 19

Fig. 12. Band of pegmaliLe in Lhe allgiLe s~·l'niLc. Wilhin Ihl' (1cgmaLiLe lhe malic
und lellcocralic minerals occor aJong oppo ite side of thc pegmalile. ·arssaq 81y.

220 m.

of the contact alonO' which a cour e gl'ained pegmutite, composed of
arhed onite, aegirine and feldspar, i developed in the naujaite (Fig. 11).
The naujaite is fine-grained with the development of rather equidimen
siOIlal mineral ; it inoted that at trus contact zone the eudialyte is
ab ent and the normaIly developed poikilitic texture i lost. The field
relations show that the naujaite crystallised later than the augite syenite
and that pegmatite developed along Lhe contaet. Additional evident'c fOl'
the Jater cOIlsoJidation of the naujaitc is the deyelopment of eudialyte
along micro-cracks in the uugite syenite together wiLh aegirine. In the
vicinity of the augite syenite-naujaite contact n.arrow dyl<es, fr'om 10 to
20 cm 'in width, of "naujaite-like" rock cut the au<rite syenite. In
addition, although the augite syenite is not bunded Ol' larninaLed, it
contains celtain curious non-linear buL sharply defined bands of pegmatite.
Tllese band are striking in that they show no features af chilling, and
the feld pathic minerals grow in from one surfaee and the mafles from
the other' as seen in Fier. 12. The pegmatite band. dip teeply parallel Lo
the conLact af the intrusion. The only other featurc pal'alleJ to these bands
are very fine micro-cracks containing eudialyte and felted aegirine.

_ lthough inclusions of ountry rock are rare at thc augite syenite
naujaite conLact, large inc1u ions af a feldspar- (oligiodase) ,·jch rock
oceur at Lhe outer contacL with Lhe volcanic. The feldspar-rich rock may
be divideJ into Lwo type.

2*
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Fig. 13. Feldspar rock dcvelopcd as zenoliths just within lhe marginal augile syenile.
Narssaq Elv. 190 m.

a) One variety has narrow rather equidimensional feldspars
measuring up to 15 by S cm in width, and packed closely together. In the
occasional intercrystal spaces smal1 patche of gabbro neasuring a few
centimetres in diameter' are present Fig. 13.

b) The ahove feldspar rock contains xenoliths of a second feldspar
rich rock. The feldspars in this case are clove coloured and tlle cr'ystals
srnallcr than those of the white variety. The feldspars tend to be some
what lamellar in habit and intercrystal gabbro is absent.

At the head ol' tlle Narssaq Elv smal! inclu ions of an augite syenite
type rock accur in the lujavrite, but in this northern area Lhe rocks are
pal tly coverecl by glacial deposits and iee,

The eastern margin of the intrusion from the Narssaq Glacier to
Tunugdliarfik consists of naujaite intruded by black and green lujavrite
in contact with the Gardar yolcanics. At the contaet a non-poi1<ilitic
syenite is present containing nepheline and olivine. Hand specimens of
this syenite bear' a dose resemblance to SSI NG'S pulaskite.

III) The Upper Contact and Rocks of the Augite Syenite.

Originally the upper part of the llimaussaq intrusion was composed
of augiLe syenite. The etlilled augite syenite and the typical coarse-grained
type are now preserved beneath the erosion relic cap of volcanic in the
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north-western part of the intrusion, whereas to the north-east the augite
syenite is absent beneath the volcanics.

At the contact with the volcanics the augite syenite is the fine
grained chilIed variety which is typicalIy non-porphyritic although
occasional phenocrysts of a purpIe feldspar have been observed.

The constituent minerals are eryptoperthite, a trace of nepheline,
augite with narrow aeigrine-augite rims, olivine, ophitie brown horn
blende, iron ore, biotite, fluorite and apatite.

The chilled faeies of the augite syenite ean usualIy be traeed around
the eontact with the volcanics, although in several areas the exposures
are inaceessible or covered by scree. At the contact of the syenite with the
volcanics, fragments of the vo1canics oecur as angular inc1usions in the
syenite. Local feldspathisation of the voleanies has been observed at a
few localities. The chilled rock passes inwards into a feebly developed
pegmatitic horizon. The grain size then increases and the typical eoarse
grained syenite is present.

The constituent minerals of this syenite are, a rather altered perthite,
augite, aegirine augite, olivine, iron ore, biotite, apatite and abundant
fluorite. Fresh nepheline is absent although small intererystal areas
contain some secondary material probably after nepheline.

A few metres below the contact with the volcanics, large xenoliths of
a feldspar rock and gabbro, derived from a sill-like body in the voleanics,
are present. The augite syenite is chilled against the xenoliths giving
rise to local flow patterns. In addition, the syenite veins these xenoliths,
whieh fall into three groups :

1) A coarse-grained plagioclase rock eontaining narrow horizons
of "spongy" olivine. Although multiple twinning is visible in the feld
spar of the hand specimens, the feldspar in thin seetion is com
pletely altered.

2) A layered gabbro consisting of mafie and leucocratic bands.

The lower part of the mafic zone is eomposed of olivine and augite.
Passing upwards the amount of augite increases relative to the olivine.
With an increase in feldspar the augite-rich rock gradually becomes an
almost pure feldspar rock. Each unit is about 10 cm thick. Unfortunately
the feldspar is rather altered, but the augite and some of the olivine is
very fresh.

In an examination of this rock in thin section, there appear to be
two feldspars. One is a plagioclase feldspar (oligoclase) of whieh a few
clean areas still remain, whereas the other feldspar shows no twinning
and is generally very altered. In addition to olivine, augite, and apatite,
a littIe quartz is present in intercrystal areas. It is possibIe that this
quartz was introduced from the granite which is only 1-2 m below.
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Fig. 14. Intcrgrowth oI Ieldspal' and olivine in pegmatite af the upper aU<1ite syenite
at an altitude af 800 m to the nOI'th-east af thc castern end of Taseq. Katural sjZl'.

3) There is also a rather leucocJ'atic gabbro with well laminated
feldspars.

With the exception of the more resistant chillcd augitc syenitc thc
main mass of the upper augite syenite is covered by steep scree. Three
traverses have been made across the scr'ce slopes Lo the north and nOI'Lh
east ol' Taseq. In this area the upper' part ol' the syenite is generaJly
fine-grained, and local olivinc-rich bands a fe, millimetre thick are
augite common. Below thi horizon dactylographic textures are developed
in a medium- to fine-gl'ained rock in which pegmaLitic patches are
numerous. The feld pars in the c patchcs are generaIly clove brown in
colour with narrow, white feld par rims, a feature common to the
nOl'dmarkitic variety of augite yenite. t an altitude ol' 800 m Lo the
:.J.E. af the eastem end of Ta eq a large peamaLite i' present in une
grained yenitc. The pegmatitic feldspars are up to 80 m long and are
inter!!l'own with oli"ine to form "myrmekite-like" structures. In thin
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section the olivine, is fresh and shows well developed c1eavage and
orientated inc1usions of iron ore.

The olivines undoubtedly grew inwards or upwards from a surfaee of
feldspar. The feldspar enclosing the olivine shows no twinning, but
within it, sheaves and patches of albitic feldspar are present. Apatite is
restricted to inclusions in the olivines and does not appear to occur in the
feldspar. A typical exampIe of the olivine myrmekite is given in Fig. 14.

The lower facies of the upper augite syenite are leucocratic and
coarse-grained. As the upper contact with the granite is approached the
syenite contains small widely dispersed crystals of quartz and local
narrow quartz veins. In places along the augite syenite-granite contact
and along fault zones and shear planes there is intense red colouratior
and abundant purple fiuorite. The contact of the augite syenite with the
granite is very sharp and the granite is chilled against the syenite.
Below the granite sheet augite syenite is still present for at least 10 metres
before a very altered and recrystallised rock is reached marking the
upper facies af the agpaitic sequence.



PETROLOGY AKD CHEMICAL COMPOSITION

OF THE AUGITE SYENITES

From the studies of the augite syenites in the field a sma]] , but
carefully selected number of specimens were olleeted for thin section
examination and for' chemical analyses. As far as could bc judged these
specimens represent the main varieties of augite syenite and a brief
description of the thin sections i given:-

I) Rocks representative of the outer fine-grained
(chilled) facies of the augite syenite.

These chilled rocks are dark in colour, medium-grained, granular in
texture ancl haYe no preferred orientation of the constituent minerals.
At the actual ontact with the country rock local I1o"\v patterns have
been obser'ved o\'er' a distance of a few centirnetres. Acicular apatite and
iron ore were the first minerals to crystalJise foJlowed by a fayalitic
oJivine, clove coloured titaniferous augite containing orientated inclusions
of ir'on ore, brown hornblende and finally a cryptoperthitic slightly

Fig, 15. PeJ'pendiculal' augile rock. Fealher growth of augile. Tatural size.



x The Geochemistry of the Ilimaussaq Intrusion 25

zoned alkali feldspar. Traces of nepheline and possibly a devitrified
brown glass are present in some sections. Textural relations indicate that
these were formed later than the feldspar. The mafic minerals are
segregated in groups associated with rims of brown mica surrounding the
iron ore. In the upper chilled augite syenite the pyroxene has a narrow
rim of aegirine-augite and in rare instances hornblende. At a few localities
feather-like crystals of pyroxene growing inwards and at right angles to
the cooling surface indicate the existence of temporary inner walIs of
relatively solid augite syenite. This feature occurs mainly at the junction
of the undifferentiated outer chilled augite syenite with the inner layered
sequence (Fig. 15).

II) Rocks representative of the main part
of the augite syenite.

These rocks are leucocratic and coarse-grained with the charac
teristic segregation of the mafic minerals into isolated clots. The outer
part of the sequence is layered, whereas the inner part is not-Iayered
although 10calIy the segregation of the mafic and leucocratic minerals into
bands has been observed.

The rocks are composed of the same mineral constituents as the
chilled variety. The main difference is an increase in the amount of
nepheline and brown hornblende, and an almost constant marginal
replacement of the augite by aegirine. Fluorite becomes a prominent
accessory mineral and has crystallised over a wide range. The central
portions of the feldspars are still essentiaIly cryptoperthites, but are
marginally exsolved to give rise to a braid type of exsolution feature,
associated with antiperthite and a littIe albite. The feldspars may be
compared to the patch-pegmatite variety of the chilIed augite syenite in
which the feldspars are exsolved. It appears probable that the exsolution
of the feldspars and general alteration of the mafic minerals is due to an
increase in water and other volatile constituents of the final inter
precipitate or pore liquid. In the layered sequence the upper facies of the
leucocratic bands are more altered relative to the over-lying mafic bands.

III) Inner facies of the augite syenite adjacent
to the naujaite.

Apart from being more leucocratic, hand specimens of the augite
syenite within 0-10 m from the naujaite contact are not very different
from the normal facies. However, in thin section the original crypto
perthite is replaced by an antiperthite and albite, and the olivine is
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almost totally replaced by iron ore, brown mica, aegirine, aegirine-augite,
and green hornblende. In a few cases discrete crystals of aegirine and
arfvedsonite are present. The aegirine occurs also as oriented inclusions
within the feldspar. This is a feature of the agpaitic rocks. Nepheline is
present in greater amounts and locally contains orientated inc1usions.
Apatite remains the main accessory mineral, but early eueolite, late
analcite and sodalite are also present in some sections. At the immediate
contact with the naujaite the augite syenite contains feldspar, eudialyte,
catapleite, aegirine and sodalite along joint planes.

In conclusion, the following changes have been observed when
passing in from the chilled augite syenite to the naujaite;

1) increase in the amount of exsolution of the alkali feldspar;
2) increase in the amount of nepheline;
3) increase in the amount of hornblende;
4) gradual increase in the amount of orientated inclusions in the

olivines and in the breakdown of the olivines into aggregates of
amphibole, mica and iron ore;

5) increase in the development of aegirine rims around the titani
ferous augite and the brown mica rims around the iron ore;

6) crystallisation of primary eueolite, analcite and sodalite near the
contact with the naujaite.

Chemical Analyses.

The chemical analyses, modal analyses and Niggli numbers represen
tative of the Ilimaussaq augite syenite are given in Table 1. and ean be
compared with USSING'S original analyses and those of other augite
syenites in Table 2.

The analyses will be described as follows: -
a) Chilled augite syenite,

a) Marginal chill zone, Kangerdlugssuaq, nos. 33452, 33390, 33391.
b) Upper chill zone, Nakalaq, no. 33662.

b) Facies of the normal augite syenite, nos. 33320, 33321, 33323, 33326.
c) lnner facies of the augite syenite, nos. 33327, 33329.
d) Augite syenite from the Narssaq Elv, no. 33173.
e) USSING'S type augite syenite (USSING, 1912).

a) Chilled augite syenite.

Allowing for sampling errors in the fieId, these four analyses are
regarded as being representative of the chilled marginal augite syenite of
Ilimaussaq. It is important to realise that the Ilimaussaq augite syenite
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Table 1. Chemical Analyses af the Ilimaussaq Augite Syenites.
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O/o I 1. 1 2·1 3. I 4. I 5. I 6. I 7. I 8. l 9. 1 10. I 11. 1 12.

Si02 54.0 53.3 54.3 54.05 57.3 57.5 57.5 57.5 58.0 156.1 62.2 55.79
Al203 16.4 14.8 17.3 15.34 16.1 17.1 17.4 17.3 16.1 17.3 17.3 15.76
Fe203 5.4 2.8 3.0 2.53 2.7 1.8 n.d l ) 3.9 2.6 3.0 1.6 1.60
FeO 5.7 6.1 7.1 8.42 6.2 6.9 n.d 3.9 6.2 4.9 4.5 7.56
MnO 0.2 0.2 0.2 0.23 0.2 0.2 0.3 0.2 0.2 0.3 0.2 0.14
MgO 1.5 2.9 1.7 2.00 0.3 0.9 n.d 0.9 0.4 1.6 0.4 0.41
CaO 4.3 5.1 4.4 4.40 3.4 1.9 n.d 1.7 2.9 3.1 1.1 3.70
Na20 5.5 6.5 5.5 4.74 7.2 5.8 5.4 6.0 6.0 5.8 7.4 7.72
K20 4.5 4.5 5.1 4.81 5.0 5.1 5.0 5.3 5.0 4.9 5.3 4.34

i
Ti02 2.0 2.2 0.5 1.90 1.1 1.1 1.1 1.0 1.6 1.9 0.6 1.81

P205 0.5 0.6 0.2 0.89 0.2 0.4 0.3 0.8 0.4 0.2 0.2 0.36
H20 0.4 0.6 0.6 0.81 0.6 0.5 n.d 0.5 0.5 0.5 0.3 0.52

- -"

Total 1100.4199.6199.9\100.121100.3199.21 (87.0) 199.0199.9199.61101.1 199.71

~~Od~åLI 0.4 I 0.5 I 0.4 I 0.17 1 0.2 I 0.5 I n.d I n.d 1 0.8 I 0.5 I 0.2 I 0.2

ppm I
30 IGa+3 30 30 10

1

30
I

30 30 30 10 30 30
Li+1 10 10 50 15 30 20 n.d 60 20 40 25
Zr+4 500 300 300 I 500 300 300 n.d 1500 80 200 300
y+3 tr tr tr 30 tr tr n.d 50 tr tr 10
La+3 50 20 Ol 30 30 30 n.d I 50 tr 30 20
Sr+2 300 300 300 l 250 400 250 n.d 400 200 250 300
Rb+l 200 150 100 150 200 150 n.d I 200 100 200 400

l

') n.d. = not determined.

Table 1. (cont.)

MODE VOL. % I 1. I 2. I 3. I 4. I 5. l 6. 1 7. I 8. I 9. 1 10. 1 11. 1 12.

Feldspar ... 72.617;.~ 163.2 77.7 62.4 73.0 83.7 80.0 84.2 c.89
Nepheline .. 0.3 I -. I: 2.5 tr. tr. 3.5 5.7 5.0 tr. O
Augite ..... 12.1 7.7 ! 14.8 14.0 5.9 7.7 O 3.0 7.8
Olivine .... 4.7 9.9 I 5.6 1.8 1.4 1.1 O 1.4 1.0
Amphibole. 3.8 1.6 I 7.4 2.0 23.7 11.3 7.3 7.0 0.5 c.11
Ore ....... 5.6/ 5.3 , 5.1 3.8 2.5 1.8 2.2 1.1 5.7
Fluorite .... tr. tr. l tr. tr. 2.9 tr. O tr. O
Apatite .... 0.9 1.5 l 1.4 0.6 1.2 1.6 1.1 2.5 0.8
Sodalite .... O O , O O

[

O O tr. tr. O
Eucolite '" O O l O O O O tr. tr. O O
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Niggli numbers

E. r. HAMILTON

Table 1. (cont.)

x

I 1. I 2. 3. I 4. I 5. I 6. 1 7. I 8. I 9. 1 10. 1 11. 1 12.

Anal. E. I. HAMILTON

- H. WUK

- E. I. HAMILTON

I

si. ......... 160 1151 154 162 184 194 - 200 197 225 178 197
al. ........ 28.7 I 25.3 29.5 26.9 31.0 34.1 - 36.0 32.0 32.4 37.0 33.0
fm......... 33.3 33.5 31.6 36.3 25.0 29.0 - 26.0 26.0 28.6 21.0 17.0
c.......... 13.7 15.2 14.1 14.0 12.0 6.9 - 6.0 11.0 11.1 4.0 14.0
alk........ 24.4 26.1 24.8 22.8 32.0 30.0 - 32.0 31.0 29.0 38.0 36.0
ti. ......... 4.5 4.8 1.0 4.3 2.7 2.8 - 0.3 4.1 4.6 1.7 4.9
p.......... 0.7 0.7 0.2 1.1 0.2 0.8 - 3.0 0.7 0.2 0.2 0.6
k.......... 0.4 0.3 0.4 0.4 0.3 0.4 - 0.4 0.4 0.4 0.3 0.3
mg........ 0.2 0.4 0.2 0.3 0.1 0.2 - 0.2 0.1 0.3 0.1 0.7

1. (G.G.U. No. 33452) Chilled augite syenite Ilimaussaq.
2. (G.G.U. No. 33390)
3. (G.G.U. No. 33391)
4. (G.G.U. No. 33662)
5. (G.G. U. No. 33320) luner facies of upper augite syenite
6. (G.G.U. No. 33321) Normal coarse-grained augite syenite
7. (G.G.U. No. 33323)
8. (G.G.U. No. 33326) lnner facies of augite syenite

near contact with naujaite
9. (G.G.U. No. 33327) -

10. (G.G. U. No. 33329) Chilled facies of nordmarkitic augite syenite-
11. (G.G.U. No. 33173) Nordmarkitic augite syenite
12. (USSSING 1912) USSING'S original analyses of the augite

syenite (USSING 1912, p. 190) - C. WINTHER(1912)

represents a group of rocks in which either nepheline or quartz are
present as primary produets of crystallisation. This has resulted in a
large number of very similar, if not identical, rocks being given separate
names, often based on a geographical location. It is not the purpose of
this work to become involved in the existing complex nomenclature, so
that in comparing the Ilimaussaq augite syenite to augite syenites from
other areas, the original nomenclature will be retained. Chemical analyses
of the chilled augite syenite are given in Table 1. nos. 1-4.

The chiIIed augite syenite is the most basic member of the augite
syenite represented in the Ilimaussaq intrusion. In the neighbouring
intrusion of Igaliko (USSING, 1912) the marginal Korok variety of augite
syenite may represent a more basic difIerentiate of the Ilimaussaq type.
In the Korok type, alkali feldspar is associated with some oligoclase, a
feature characteristic of the larvikites in the Oslo area. By analogy with
the Oslo larvikites the augite syenite of Korok may be regarded as
approaching the monzonitic group of rocks. Åccording to BARTH (1944)
the ratio of alkali feldspar to oligoclase is almost 1:1. In the Ilimaussaq
rocks plagioclase (oligoclase) has been observed in a few sections, but
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Table 2. Chemical analyses of various syenites.
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% 1. 2. 3. 4. 5.

Si02···.··· ... 54.20 53.71 54.41 57.44 64.76
AlzOs········ . 15.73 15.37 16.50 17.30 17.13
FezOs· ........ 3.67 3.28 4.63 3.48 1.87
FeO .......... 5.40 5.72 2.70 4.61 1.25
MnO ......... 0.70 0.14 n.d 0.26 0.19
MgO ......... 3.40 1.58 2.20 1.42 0.33
CaO .......... 8.50 5.20 7.53 6.20 1.48
NazO ......... 3.07 6.48 4.58 4.63 5.80
KzO .......... 4.42 4.11 3.74 2.96 5.70

TiOz····· .. ·· . 0.40 3.40 2.60 1.42 0.70
PZ05 ......... 0.50 0.52 0.30 0.50 0.11
HzO .......... 0.50 0.78 1.25 0.08 0.41

TOTAL.. .. ... I 100.49 100.29 100.44 100.511 100.01z

plus 1 - F. 0.03, Cl. 0.03, FeSz 0.15
2 - SrO 0.09, ZrOz 0.11, Cl 0.02, S 0.06.

Niggli numbers

si. ............ 146 166 162 179 269
al. ........... 25 28 28.5 32 42
fm............ 35 26.1 27 27.5 13
c............. 24.5 17.3 24 20.5 6.5
alk. o ••••••••• 15.5 28.6 20.5 20 38.5
ti. ........... 0.8 8.0 5.8 3.3 2.2
p............. 0.6 0.7 0.4 0.7 0.2
k............. 0.5 0.3 0.4 0.3 0.4
mg. ......... . 0.4 0.3 0.4 0.2 02.

No. 1. Monzonite, Monzoni Berg, Fassatal, S. Tyrol.
BRØGGER, W. C. 1895 Sko Vidensk. Selsk. Kristiania, M. N. Kl. 19.

No. 2. Augite Syenite, Igaliko, S. W. Greenland.
USSING, N. V., 1912, p. 243.

No. 3. DOfl\it, Madagascar, LACROIX, A.
Mineralogie de Madagascar 3, 1923. p. 328.

No. 4. Kjelsasite, S. Norway. BRØGGER, W. C. Sko Vidensk.
Selsk. Kristiania, M. N. Kl., 1933. p. 45.

No. 5. Nordmarkite, S. Norway, BRØGGER, W. C., Z. Krist 16., 1890. p. 54.

altogether only three crystals have been seen. In all cases the plagioclase
is present as a corroded relict within the alkali fedlspar and not as
exsolution lamellae.

A typical chemical analysis of a monzonite is given in Table 2,
No. 1. (Mode monzonite: VolOfo Plagioclase zoned An6S-An35 33 Ofo.
Orthoclase 32 Ofo. Diopside 24 Ofo. Lepidomelane 6Ofo. Ore quartz, apatite,
zircon, sphene, 5 Ofo. TROGER, 1935, voIOfo). The calcium content of the
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Ilimaussaq rock appears to be just below the limit required for the
primary precipitation of a plagioclase feldspar, and under the cooling
conditions, plagioclase was not exsolved from the primaryalkali feldspar.
In some of the extrusive forms of monzonite the sodium content increase
relative to the calcium but still maintains a plagioclase :alkali feldspar
ratio of 1 :1. An example of this type of rock is the Doreit (Table 2, No. 3)
described by LACROIX (1923). From the published analyses it would
appear that a difference of less than 10/0 in the total lime content of a
rock can give rise either to a rock containing only alkali feldspar or to
one containing a mixture of plagioclase and alkali feldspar in the ratio
1:1. Another interesting variety is the so-called highwoodite (J OHANNSEN

1938, PIRSSON 1905) associated with pulaskite and containing labradorite
(25 % by volume) poikilitically enclosing a soda feldspar (33 % by
volume). It is essential to differentiate between the formation of primary
plagioclase and plagioclase forrned by later exsolution from a parent
homogeneous feldspar.

In the author's opinion the chilIed facies of the Ilimaussaq augite
syenite represents the original magma modified by alkalies, volatiles and
by a possibIe accumulation of minerals with a higher melting point such
as iron ore, olivine and pyroxene. It would seem probable that if the
original magma is represented by a rock type, it is the coarse variety of
augite syenite found just within the chilled facies. The original magma
could represent a stage in the differentiation of a parental alkali magma
approximating to the sequence monzonite to larvikite.

By nature a residual magma is relatively small in volume and if
strictly applied to the Ilimaussaq pluton would necessitate the presence
at depth of a large volume of a more basic rock. The author regards the
main Ilimaussaq augite-syenite as a magma exhibiting certain residual
characters, such as the impoverishment in lime and magnesium, but not a
magma complimentary to more basic rock types at depth.

An alkaline magma of the augite-suenite type could be pictured as
being derived by a process of "sweating out" of the alkali elements,
combined with the total or partial assimilation of pre-existing rocks.
The more undersaturated rock types such as naujaite and lujavrite may
represent differentiates of the original local magma, a concept that is
partly supported by the distribution of trace elements.

b) Facies of the normal augite syenite.

The inner facies of the chill zone consists of typical augite-syenite.
It is composed of a well layered sequence passing inwards to a poorly
layered, coarser grained augite-syenite. The analysed specimens were
taken from a nonlayered locality, but it is impossible to be completely
certain that the samples represent true non-layered augite-syenite.
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A typical feature of this group of syenites is the presence of nepheline
and the absence of quartz. A comparison of these syenites with those
from the Oslo area shows that they are similar in composition to the
larvikites. Quartz-bearing types such as the kjelsasites, and nepheline
rich varieties such as the lardalites are absent. However, the larvikites,
as described by BARTH (1944) cover a wide range in composition ; of the
seven analysed specimens six contain quartz (1-5%) and one contains
nepheline (4.5 %). Apart from the larvikites, the IIimaussaq augite
syenites may be compared with the group of rocks covered by the general
term pulaskite. Typical analyses of these related rocks are given in
Table 2.

c) Inner facies of the augite syenite.

This coarse-grained variety is found adjacent to the later naujaite.
The chemical analyses (Table 1, Nos. 8-9) of these rocks are not very
different from the main mass of the augite syenite. The main difference
is the increase in feldspar, nepheline and hornblende and the replaeement
of olivine and pyroxene by brown and green amphibole. Of the accessory
minerals apatite is practically absent and typical agpaitic minerals such
as sodalite, natrolite, eudialyte and eucolite are present in small amounts.
Whereas the sodalite crystallised late, the other accessories crystallised at
an early period. At the actual contact with the naujaite, coarse-grained
naujaite is developed along joint planes in the augite syenite. Apart from
this local feature, thin veins of aegirine derived from the naujaite cut the
augite syenite for considerable distances from the contact zone. As in the
case of this and other intrusions, the first foreign material to be introduced
into a pre-existing rock indicates a movement of mafic material ahead of
any alkali metasomatism.

d) Augite syenite from the Narssaq Elv.

This variety of augite syenite may be described as a leucocratic
augite syenite and distinguished from other types by the presence of a
clove-coloured feldspar surrounded by a white feldspar rim. Apart from
these differences the textural sequence from the chilled to the typical
rock type is identical to that seen in the type area to the south at
Kangerdluarssuk f jord. In the Narssaq Elv area the country rock consists
of Gardar vo1canics. The chiIled augite syenite is highly altered and
contains large amounts of albite and aegirine. Passing inwards, the fine
grained chiIled facies develops isolated pegmatitic patches, while the
dark coloured chilled facies is rapidly replaced by a much lighter coloured
rock in which the clove coloured feldspars predominate. Within this
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facies narrow mafic bands are developed and a few orientated lamellar
feldspars are seen. In this section the main minerals are alkali feldspar,
titanaugite, aegirine-augite, brown amphibole, relict olivine, iron ore,
brown mica, fluorite and apatite. Although nepheline and quartz have
not been identified in the thin sections, rare quartz grains have been
seen in hand specimens of the main facies of the syenite, and altered
nepheline in the chilled zone. This variety of augite syenite is similar in
texture, chemical and mineral composition to an umptekite or nordmark
ite. In the analysed specimens, (Table 1). No. 10 represents fresh chilled
syenite, and No. 11the normal type. -From the field evidence the nord
markitic variety of the augite syenite is an integral part of the marginal
syenite, but it is also very similar to the nearby nordmarkites. Although
sandstone fragments have not been found enclosed in the syenite it
would appear possibIe that this facies of the marginal syenite has been
formed by the reaction of augite syenite with sandstone derived from the
Gardar formation. Typical analyses of nordmarkite (83 % feldspar; 7%
quartz; 3% aegirine-augite; 2% sphene; apatite, ore, zircon; TR0GER,
1935, vol. %.), and umptekite (84% feldspar±cancranite±nepheline;
15% arfvedsonite aegirine; 1% sphene ± apatite ore; TR0GER, 1935,
vol. %.), are similar to this facies of the Ilimaussaq augite syenite.

Conclusions.

From the data obtained, the folIowing tentative conclusions are
drawn:-

1) As aIready stated by USSING (1912) the augite syenites represent
the oldest rocks of the intrusion. They are chilled against the country
rock, but do not show any decrease in grain size towards the later
agpatites.

2) The pegmatitic augite syenite probably represents the local
accumulation of trapped water and volatiles ; or it may represent the
first stage in the build-up of water and volatiles moving outwards under a
thermal diffusion gradient. UPTON (1960) has suggested that an original
fine-grained chilled zone to the Kungnat intrusion has been destroyed by
the outward thermal diffusion of water and alkalies. Alternatively the
pegmatite may represent an alkali-rich liquid derived from the selectively
rheomorphosed country rock (granite) that has locally permeated the
chilled augite syenite.

3) In the main augite syenite, apart from the chilled zone, there is
not very much variation in chemical and mineral composition. The main
trend appears to be an increase in the amount of nepheline of the inner
facies together with crystallisation under more aqueous conditions.
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4) The potash-rich rims surrounding the central clove-coloured
feldspar of the Narssaq Elv augite syenite may represent enrichment of
potassium relative to sodium in the final intercrystalliquid. However, the
possibility of contamination cannot be excluded. Of the chilled augite
syenite only that represented by Anal. No. 4 (Table 1) contains
K 20 > Na20.

5) In view of the complex nomenclature relating to this type of
syenite and the small variation in mineralogical and chemical composition
of the rocks studied, it is suggested that USSING'S original term, augite
syenite, be retained but prefixed by the appropriate mineral modifie r,
quartz or nepheline.

6) The marginal augite syenite as developed at the roof of the
intrusion consists of a normal chilled facies, followed by a poorly developed
medium- to coarse-grained augite syenite. It is noticeable that these
upper rocks are somewhat altered even though they may appear fresh in
the handspecimen. Beneath the latter rocks the development of a pegma
titic variety is common. This rock consists of a coarse pegmatite inter
mixed with a fine-grained "granophyric like" syenite with local banding.
The altered nature of these rocks and the abundant pegmatite suggest
crystallisation under rather aqueous or volatile (F, C l) conditions. The
accumulation of alkalies, water and volatiles derived from the differenti
ation of the augite syenite was probably concentrated at this high level
of the intrusion beneath an "impervious" capping of volcanics.
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PULASKITE

Before discussing the recent examination of the pulaskite of the
Ilimaussaq intrusion it is pertinent to briefly compare and relate it to
other similar rocks. The term "pulaskite rocks" is used here to cover
pulaskites, larvikites and umptekites. Although all these rocks show
certain definite similarities, there are differences. For example, the
IIimaussaq pulaskite (USSING, 1912, p. 120-124) differs from the typical
pulaskite in that arfvedsonite Ol' aegirine-augite in many specimens of
the rock is more abundant that the biotite, but it resemples typical
pulaskite in all essentiais.

The pulaskite, (Fourche Mountain, Arkansas) as originally described
by WILLIAMS (1891) is considered as a trachytic form of anepheline
syenite. In texture it is intermediate between hypidiomorphic granular
and porphyritic. The lineation of the feldspars gives a trachytic appearance
to the rock. The main rock-forming minerals are orthoclase, biotite,
augite with aegirine rims, amphibole (arfvedsonitic), a littie nepheline,
rare sodalite, accessory sphene, apatite, magnetite, fluorite, and analeite.
Plagioclase feldspar, quartz and zircon are absent. Of the mafic minerals
arfvedsonite predominates, and pyroxene and biotite are present in small
quantities. As in the case of the marginal syenites of the Ilimaussaq
intrusion, the mafic minerals are concentrated together in small groups.

The type pulaskite is finer grained than BR0GGER'S (1890) larvikite.
While differing from it in the shape of its feldspars, it bears a close relation
to pulaskite. The type pulaskite occurs as a wide dike-like mass associated
with trachytic, and semi-porphyritic textures. It is worthwhile noting
that it contains segregated veins of pegmatitic material. This is a typical
feature of the outer facies of the Ilimaussaq marginal syenite.

The sequence of intrusion in the Fourche Mountains, Arkansas,
began with the injection of a fine-grained pulaskite with a trachytic
texture. Judged from the description (WILLIAMS, 1891), it is possibie
that this represents a chilled marginal syenite. The pulaskite was followed
without any appreciable time interval by the intrusion of nepheline
syenite. The nepheline syenite is regarded by Williams as being inter
mediate between BR0GGER'S lardalite and larvikite. These rocks were
followed by the intrusion of fourchite dikes (WILLIAMS, 1891, p. 107-110).
The final stage of the intrusion is marked by the formation of pegmatite
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and miarolitic dikes of syenitic material, before the earlier rocks had
entirely cooled. It is interesting to note that among the miarolitic dikes,
quartz syenites are present. In the nearly intrusion of Saline County the
main rock type is nepheline syenite which has a border facies of pulaskite.

According to the presence or absence of nepheline, HATCH, WELLS
and WELLS (1949) advocate that in view of the significance of nepheline,
it is desirable to differentiate between the saturated and undersaturated
varieties of pulaskite. If nepheline is present then the rock should be
called a "nepheline pulaskite".

In the case of the Oslo rocks, BRØGGER (1890) described the larvikites
as composed of soda orthoclase or soda microcline, a littIe titaniferous
augite or aegirine-augite, lepidomelane, barkevikite, olivine with acces
sory titano-magnetite, large euhedral apatite crystals, zircon, and minor
amounts of nepheline and sodalite. Quartz is absent, and plagioclase is
restricted to a perthitic intergrowth with soda-orthoclase. BRØGGER
recognised the unmixing of soda plagioclase and orthoclase, and called the
rocks larvikites. BARTH (1944) described equal amounts of plagioclase
and alkali feldspar indicating that the rock is nearer an alkali monzonite.
The larvikites differ from the pulaskite in having a typical larvikitic
texture, the presence of two feldspars and olivine, and in predominance
of arfvedsonite. MUIR and SMITH (1956) and SMITH and MUIR (1958)
describe the initial intrusion of larvikite in such a way that a littIe
primary plagioclase was formed, followed by the crystallisation of the
rhomb feldspars, and then the unmixing of the "anorthoclase" into
monoclinic potash feldspar and oligiclase. In the latter paper, the term
anorthoclase is replaced by soda-rich sanidine, and the larvikite feldspars
are described as antiperthites composed of oligoclase and orthoclase or
microcline.

RAMSAY (1894) gave the name umptekite (Umptek (Khibina), Kola
Peninsula, Russia) to the marginal facies of the foyaite intrusion of
Umptek. A similar rock associated with canadite has been described by
QUENSEL (1914) from Almunge, Sweden. Umptekite is a rather leucocratic
rock containing microperthite, arfvedsonitic amphibole, aegirine, rosen
buschite, biotite, aenigmatite, låvenite, sphene, apatite and magnetite.
In addition, nepheline and sodalite may be present in accessory amounts.
Ramsay considered that when amphibole is present the rock should not
be called an augite syenite.

RAMSAy used the name umptekite because the rocks did not show
the typical texture of BRØGGER'S larvikite, or the trachytic structure of
WILLIAM'S pulaskite. Umptekite is further defined by the almost complete
a.bsence of nepheline and the predominance of an arfvedsonitic amphibole
over pyroxene. Apart from these differences the rock is very closely related
to the pulaskites.

3*
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Field description of the Ilimaussaq pulaskite
(northern area).

The pulaskite of the Ilimaussaq Intrusion forms a "sheet-like" body
which covers the uppermost part of the agpaitic syenite complex. On the
northern side of Tungdliarfik fjord it is overlain by quartz syenites,
granites, marginal augite syenite, and the volcanics.

Macroscopically the pulaskite is similar to the typical coarse
grained augite syenite of the border group. The rock may be described as
coarse-grained, generally leucocratic, with the mafic minerals concentrated
in c1usters between the crystals of feldspar. The feldspars tend to be
orientated, although the pulaskite is typically unlaminated. The major
minerals are; feldspar consisting of intergrowths of microc1ine and albite,
nepheline and pseudomorphs after nepheline in varying amounts, arfved
sonitic amphibole, aegirine, aegirine-augite, biotite, olivine, aenigmatite,
Accessory fluorite, eudialyte, iron are and apatite are found. (Because the
rock has such a variable mineral composition it is difficult to describe the
various types under one heading). The feldspars contain abundant
acicular inc1usions of aegirine and subordinate arfvedsonite that impart a
greenish colour to the feldspars, a common feature of the agpaitic rocks.
In spite of its variable composition the pulaskite is similar in appearance
to the marginal syenite occurring at a fairly constant layer, above the
sodalite foyaite in the contral part of the northern area.

In a few localities the pulaskite has pegmatitic patches which pass
down into the sodalite foyaite. In the area to the north of Tunugdliarfik
fjord the pulaskite is uniformly present and the thickness varies from a
few meters up to about 40 m. Where the foyaite is absent the lower
facies of the pulaskite are replaced by the later sodalite foyaite. While the
replacement texture are often complex, in some areas (Traverse B)
patches of pegmatite consisting of the minerals present in the sodalite
foyaite, particularly large crystals of eudialyte, are present in the pulaskite.

To the south-east of Taseq the naujaite is overlain by a rock
resembling the pulaskite and foyaite. It is rather leucocratic, coarse
grained and contains nepheline. The contact with the naujaite is sharp
and irregular. From the field evidence it would appear that in this
instance the later naujaite replaced the pulaskite. The pulaskite may
be considered as a contaminated facies of the augite syenite produced by
between the accumulation of alkalies and volatiles at the top of the later
agpaites and the augite syenite.

No new analyses of the type Ilimaussaq pulaskite described by
USSING (1912) have been made, but the development af a pulaskite
facies in the transition naujaite-granite is given in the chemical analyses
based on Traverse A (see page 52). Chemical analyses of various pulaskite
type syenites are given in Table 3.
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Table 3. Chemical analyses of various pulaskite-type syenites.
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010 I 1. I 2. I 3. I 4. I 5. I 6. I 7. I 8. I 9. I 10.

Si02······ . 60.03 60.20 57.88 63.09 62.16 57.44 58.89 59.50 57.80 63.71

AI203····· . 20.76 20.40 14.80 18.44 16.82 19.43 17.34 19.29 18.82 16.59

Ti02······ . n.d. 0.14 1.23 0.45 0.38 1.97 0.24 0.70 1.15 0.86
Zr02 ..... . n.d. tr. n.d. 0.06 0.03 n.d. 0.15 n.d. n.d. n.d.

Fe203····· . 4.01 1.74 5.86 2.90 1.53 1.69 2.77 1.65 1.60 2.92
FeO ....... 0.75 1.88 3.71 1.36 1.54 2.70 2.13 2.32 3.50 0.66
MnO ...... tr. tr. 0.15 tr. 0.09 0.25 0.16 0.03 0.14 0.90
MgO ...... 0.80 1.04 none 0.16 1.43 1.16 1.56 1.10 1.48 0.90
CaO ....... 2.62 2.00 2.71 1.00 3.79 2.66 4.22 2.53 3.72 3.11
BaO ....... n.d. tr. n.d. n.d. 0.44 n.d. 0.48 n.d. 0.17 n.d.
SrO ....... n.d. n.d. n.d. n.d. tr. n.d. n.d. n.d. 0.13 n.d.
Na20 ...... 5.96 6.30 9.12 7.25 5.09 6.48 6.72 5.97 6.48 8.26
K2O ....... 5.48 6.07 3.06 5.23 6.39 4.28 4.00 5.78 3.97 2.79

P20 5 ...... 0.07 0.15 none 0.35 0.60 0.32 0.34 0.55 n.d.
C02 ....... n.d. none none none n.d. n.d. 0.28 0.10 n.d.
H20+ ...... }o," 0.23 0.90 0.62 0.24 }u, 0.52 0.84 0.64

}Ol9
H20- ...... 0.10 0.23 0.21 0.05 0.15 0.12 0.02
Pb ........ n.d. n.d. n.d. n.d. n.d. n.d. 0.14 n.d. n.d. n.d.
F ......... n.d. n.d. n.d. n.d. 0.04 n.d. 0.08 0.04 0.04 n.d.
CL ........ n.d. 0.09 none n.d. 0.02 tr. 0.19 tr. 0.05 n.d.
S ......... n.d. none n.d. n.d. n.d. n.d. 0.17 n.d. 0.03 n.d.

(YCe)20 3 . . n.d. n.d. n.d. n.d. tr. n.d. n.d. n.d. n.d. n.d.
S03 ....... n.d. 0.13 n.d. n.d. 0.14 0.02

Total 1101.07 i 100.47\99.651100.77\100.39\99.691100.371100.511100.391100.89

Nos. 1 _ 8 Pulaskite
9 Larvikite

10 Umptekite

l. J. F. WILLIAMS. Original analyses of pulaskite. Arkansas Geol. Survey (1891) Yol. II,
pp. 70, 1891. Anal. R. N. BRACKETT, J. P. SMITH.

2. H. S. WASHINGTON. Foyaite-Ijolite S. of Magnet Cove. Journ. Geol. Yol. IX, p. 609,
1901. Anal. H. S. WASHINGTON. (Same locality as No. 1).

3. N. Y. USSING. Geology of the Country around Julianehaab. Medd. Grønland, Bd. 38,
p. 124, 1912. Anal. C. WINTHER.

4. H. S. WASHINGTON. Salem Neck. Journ. Geol. Yol. VI. p. 806, 1898. Anal. H. S.
WASHINGTON.

5. B. C. KING. Cnoc Nan Cuilean. Q. J. G. S. Yol. 98, p. 160, 1942. Anal. B. C. King.
6. F. O. ADAMS. Mount Johnson, Quebec. The Monteregian HilIs. Journ. Geol. Yol. XI.

p. 271, 1903. Anal. F. ADAMS.
7. O. J. ADAMSON. The Norra Karr District. Geol. Foren. i Stockholm. Forh. Yol. 66,

pp. 113-255. 1944. Anal. N. SAHLBOM.
8. E. S. W. SIMPSON. Okonjeje Igneous Complex. Trans. Geol. Soc. S. Afr., Yol. LYII, p.

173, 1954. Anal. E. S. W. SIMPSON.
9. W. C. BRØGGER. Larvikite from Larvik, Norway. Eruptivgest Krist. YII. p. 59, 1933.

Anal. O. RØHR.
10. W. RAMSAY. Endomorphe Modificationen des Nephelinsyenites. Fennia. 11. No. 2.

p. 205, 1894. Anal. W. PETERSSON.
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Note added in proof.

After the author completed the mapping of the northern part of
the intrusion during the summer of 1959, J. FERGUSON mapped the
southern part of the intrusion in 1961. From these results a difference was
revealed between the author's mapping of the pulaskite and foyaite
in the north and his in the south. FERGUSON (1962) regards the foyaite
as an inner differentiate of the augite syenite, and the pulaskite as a
hybrid rock produeed by the mixing of an augite syenite and alkaline
granite magma. Such an explanation may explain why the pulaskite is
always present as a well defined layer. From the distribution of these
two rocks in the north it is impossible to separate them without having
examined in detail the exposures in the southern area. The author has
visited the southern part of the eomplex, but the time spent in the
field was far too short for any detailed studies. In the northern part of
the intrusion the foyaite, as defined by FERGUSON, is only present at a
few loealities and most certainly ean be regarded as an inner differen
tiate of the augite syenite, but any original rock sequenee is almost
obliterated by the pulaskite, quartz syenite and granite whieh are asso
ciated with the inner facies of the augite syenite. In the author's opin
ion the inner facies of the augite syenite consists of generally nepheline
bearing syenite which has been partly replaced by the later agpaitic
sequence, and still later granite.

Where used in this paper, the term "foyaite" refers to a rock pre
sent at the contact of the inner facies of the augite syenite with the
sodalite foyaite. Most of the textures are of a replacement type, in
which minerals characteristic of the agpaitic rocks are present in var
iable amounts.

At the time that this work was carried out, not many translations
of Russian papers describing the very similar Khibina-Lovozero intrusion
were available. Since this work was finished in early 1960 many Russian
papers have become available, and in alater publicatlon the author will
compare the geochemistry of Ilimaussaq with that of the Khibina
Lovozero intrusion. Particular reference will be paid to the mode of
occurrence and genetic relation to other alkaline rocks, together with a
discussion of the agpaitic index.



THE AGPAITIC ROCKS OF THE ILIMAUSSAQ

INTRUSION

The agpaitic rocks are composed of USSING'S stratified part of the
complex. USSING was of the opinion that a complete transition exists
between the arfvedsonite granite-quartz syenite-pulaskite-foyaite-sodalite
foyaite-naujaite-breccia zone-Iujavrite and kakortokite. It has now been
shown by the author that, in the northern area at least, the arfvedsonite
granite is not part of a transition series, but is in fact alater intrusion.
The hybrid quartz syenite appears also to be a separate intrusion earlier
than the granite but later than the agpaitic rocks. In this paper the term
transition series is used to describe rocks occurring between the augite
syenite and agpaites.

The actual relation of the quartz syenite to the granite presents
many difficulties. These are partly due to the very bad exposures in the
upper part of the intrusion and the similarity between the quartz syenite
and augite syenite in the fieId.

I) Sodalite Foyaite.

For the purpose of this paper. USSING'S (1912) description of the
field relations of these rocks is adequate. However, some new observations
and a general description of the rocks will be given.

The sodalite foyaite is easily recognised in the field by the tabular
nature of the feldspars which show no preferred orientation. Sodalite is
present as early dodecahedra enclosed within the feldspar, but is more
typically idiomorphic towards the mafic minerals or eudialyte, or is
interstitia1. Both the feldspar and the nepheline contain micro-inclusions
of aegirine or arfvedsonite. Nepheline is abundant mainly in interstitial
spaces. An exception to this is seen at the top of the sodalite foyaite in
Traverse B. Here the nepheline forms large prismatic crystals measuring
up to 15-20 cm x 3 x 3 cm whereas the mafic minerals and eudialyte
occur in intercrystal spaces. Local rounded patches of pegmatite contain
radiating clusters of aegirine associated with analcite and polylithionite.
Eudialyte is present in varying amounts, whereas aegirine and arfved
sonite are present in large amounts. The accessory minerals include
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aenigmatite, rare astrophyllite (as growths on aegirine) polylithionite and
fluorite.

Olivine is a common constituent of the sodalite foyaite at its contact
with foyaite on Traverse E. In the field the olivine is recognised as small
circular areas of a black mineral surrounded by a narrow zone of iron
staining. In thin section the fayalite is almost totally converted to
opaque iron oxides. The amount of olivine decreases from the top of the
sodalite foyaite downwards. At some horizons olivine is concentrated
along planes parallel to the general parting of the rocks. The distribution
of the olivine suggests that the later intrusion of the sodalite foyaite
has "corroded" the earlier foyaite releasing olivines which locally sank
into the crystallising sodalite foyaite. The rare eudialyte found in the
foyaite was probably introduced from the sodalite foyaite.

The sodalite foyaite is commonly cut by very narrow tinguaite
dikes. The intrusion of lujavrite is very rare although aegirine analcite
dikes up to a metre wide are not uncommon. In terms of the structure of
the intrusion and relative age relations between the Ilimaussaq rocks, the
intrusion of lujavrite is most important. The contact of the sodalite
foyaite with naujaite is sharp, indicating a time interval between
intrusion.

II) Naujaite.

The naujaite comprises the main exposed mass of the agpaitic
rocks. an account of the coarse-grained nature of the rock, its poikilitic
texture and the great variation in the mineral assemblage from place to
place, it is difficult to describe the naujaite in simple terms. The typical
naujaite texture is given in Fig. 16. USSING'S descriptions are adequate
in a general sense and it is obvious that a more detailed description of
this rock will only be possibIe after more field work, combined with the
detailed study of the optical properties of the constituent minerals. The
naujaite is far too coarse for any modal or chemical analyses to be
representative. As an example of the variation due to grain size in thin
section, the modal analyses (voIOfo) is given for three large sections
(8 x 5 cm) taken from a sodalite-rich variety:

Slide
1
2
3

Feldspar
7.5
0.0

45.1

Sodalite
44.5
68.0
52.5

A rfvedsonite
48.0

O
O

Aegirine
O
1.6
0.6

Eudialyte
O

30.4
1.8

af the major minerals sodalite (var. hackmanite) generally comprises
about 50% by volume, particularly in the lower facies of the naujaite.
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Fig. 16. Typieal naujaite cut by narrow Ycins of aegirine and analcite <1erived from
the laler Jujavrite.. Ta. q.

Fig. 17. Band of non-poikilitic pegmatile denloped in poikililie naujaile. Kangcrd
lua/'ssuk fjord, norlh ide.
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1cm.
Fig. '18. Compacl poikililic naujo.ite sIlOwing prismatie sodalite pseudomurphs arter

nephcJinl'.

Briefly, the main feaLure' een during the recent field wor'k were:
The naujaite is poikiliLic in Lexture,Lhe major minerals being fulI of

crystaIs of sodalite. Occurring within the typical poikilitic naujaite are
horizontal bcnche of non-poikilitic pegmatitic naujaite (Fig. 17). These
pegmatites al'e onfol'mable to the general pal'ting of Lhe naujaite. In
addition thel'e are somewhat transgressive pegmatites composed of
feldspar and coarse anhedra of arfvedsonite, feldspar with arfvedsonite
zeolitc, steenstrupine, aegirine and lithia mica associated wiLh albite.

Typical naujaite found in the Iower part af Lhe inLI'usion is compa ed
of large feldspars full of sodalitc crystals after nepheline; arfvedsonite,
aegirine, eudialyLe poikilitically enclosing sodalite, anu abundant
prismatie crystals 01' a grey to blue Ol' green mineral regarded as nepheline
in the Held. These so-called "nepheline " are invariably prismatie
(Fig. 18) and are at Jeast three time longel' than they are wide. In the
naujaite pegmatite thc ncpheline are often up to 10 cm long and 1. cm
wide. In view of Lhe difficulty of obtaining good crystals af nepheline for
chcmical analyses many specimens were carefully collected from the
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"ig. '10. 'I'h(' base of a mafie band develop 'd in naujaile. Kang nlluarssuk I"jord.

int['usion. X-ray analyses and a preliminary optical study of these
prismatie ery tal showecl that they wore all sodalite. The blue Lypes are
full af micro-inclusions af arfvedsonitc, and the green Lypes are fun af
aegirine. It appears eertain that in vicw af the (;['ysLal shape thi mineral
crystallised as nephclinc, and Vias replaced by sodalite before the
('on 'olidaLion af Lhe rock. It should be pointed out that T1cphcline ha'
been ob en-ed in thin scetiOll, but is not al\\'ay obyious in Lhe hand
specimen. 'aujaite found in ilte upper part af the intl'U ion contains well
developed prismatie cry:tals af nepheline.

In the author's opinion banding in tlle naujaite i· pO' ibly wide pread.
Banding ha preYiou ly heen reported by SORE:'(SE~ (1958, Fig. 7 and 5).
Tn many cases the naujaite appears to be bandecl (Fig. 19) when Yiewed
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-~_ lem.-
Fig. 20. Diagram sllowin L' the gl'owth of poikiliLic aegil'ine in 1hc mafle band.

l ey: Black - Aegirine
Stippled - Sodalite

Dashcd - Fcldspar, "\fcphcline, Analcite.

from a distance, but upon closer examination of the outcrop banded
features are difficulL to see.

In view of the structurc and texture of the naujaite, large scale good
repctiti ve banding cannot be expected. In parts of the naujaite, eareful
observation shows that mafie bands composed of arfvedsonite and
aegirine are not uncommon. In several areas narrow (25 cm) mafie bands
have been obseryed. 1'he base of these bands are composed of small
prismatie and non-poikilitie eoneentrates of aegirine whieh passes up
into poikiJitie aegirine over a short distance (Fig. 20). Above the malie
band the amount of feldspar and eudialyte increases; thcn this zone
pas es up into ayerage naujaite. Another feature related to the segregation
of minerals is the con entration of arfvedsonite, aegirine and sodalite
with a liUle feldspar and eudialyte. Above this layer the amount of mafi
minerals deerea es and the rock is essentially composed of feldspar,
sodalite and eud ialyte.

At the margin of the intrusion, the nanjaite exposed in the Jarssaq
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Fig. 21. Cognate inclusions of sodalite foyaile in naujaite. Kangerdluarssuk fjord.

Elv stream-bed at 200 m, shows good vertical banding. The bands, of
which there ar'e at leasL two eycles, show a mafLe horizon pa sing up into
an almost pure fe Id pathie hol'izon, the change taking plaee over a
di -tance of 1 m.

At an aJtitude of about 300 m in the Nar saq Eh-, rounded ma ses of
naujaite, mea uring up to 2 m in width, are enclo ed in a \-er'y plate-like
naujaite. 1'he enclo 'ing naujaite appears to flow around the rounded
ma 'se' of naujaite. Thi indicate that rather cohel'enL ma ses of naujaites
were caught up in naujaiteLill capable of movement. It is suggested
that the'o feature are lump structures. Tho loeality is very neal' the
eontact of the intrusion as is shown by the steep eontact of naujaite
with augite syenite aud the \'ertjeal banding in the naujaite. In other
areas rounded masses of sodalite foyaite present in the naujaite may be
interprctateu as similar lump structurcs (sec Fig. 21).

A diseus ion as to the distl'ibution of sodalite in the naujaiLe must
await examination of the thin sections. At this stage, however, it may be
said that small dodeeahedral ery tal of primary sodalite ure intimately
mixed with the prisrnatic sodalites pseudomorphing nepheline. The
diITerence in cry tal form is obvious i f large sections of Lhe rock are
chemi ally stained. In the naujaite exposed in the :\T'lI'.-saq Elv, an
almost pUl'e sodalite rock i present. The rock consist of sodalite crystals
in a matrix of aegir'ine and is ea ily recognised from a di tance by the
churueteris ic weathering.



46 E. I. HAMILTON x

The coarse-grained textures of the naujaite make it difficult to
examine the textural relationships of the various minerals in thin section.
Many thin sections have been examined and the general mineralogical
characteristics given by USSING (1912) are valid. Although most of the
feldspars are composed of complex intergrowths of microcline micro
perthite it has become increasingly obvious that many of the central
portions of the feldspars consist of cryptoperthite. The marginal alteration
to analcite and natrolite may have resulted through the late stage
concentration of alkalies, water and volatiles in the residual intercrystal
liquid. The main sequence of crystallisation appears to be first sodalite
(including sodalite after nepheline), nepheline, eudialyte, feldspar,
aegirine, and finally arfvedsonite. The partially orientated aegirine
microlites in the sodalites are absent around the margins of the crystals.
Apart from the microlites the sodalites contain gas bubbles and rows
of orientated bubble and dust inclusions. In some cases these rows of
inclusions pass across several isolated sodalite crystals. Amongst the
accessory minerals iron ore and apatite have not been observed. The
main accessory minerals identified by X-ray powder patterns were
rosenbuschite, steenstrupine, polylithionite, sphalerite, schizolite, micro
lite and neptunite.

The variations in the chemical analyses of the naujaites are controlled
by the sporadic distribution of the major minerals. While sodalite
generally comprises about 50 % by volume, the feldspar, aegirine, arfved
sonite, and eudialyte are often concentrated in different parts of the
naujaite. Typically there are eudialyte clusters, surrounded and enclosed
by feldspars. In this type of naujaite the mafics would only amount to
1% by volume. Chemical analyses of the naujaites together with the
qualitative distribution of the trace elements in rocks and minerals is
given in Table No. 4. In Table No. 5 analyses Nos. 1-3, the effect of
diffusion of some elements associated with the late stage thorium-rich
steenstrupine is shown. Specimen No. 2 is of normal sodalite taken 10
inches from a pocket of steenstrupine. Specimen No. 3 is of an emerald
green sodalite, taken adjacent the steenstrupine. From the semi
quantitative spectrographic analyses there appears to have been
considerable diffusion of Li, Rb, Y, La, Zr and Pb from the steenstrupine
into the adjacent sodalite.

III) Lujavrites-Kakortokites.

In this work the lujavrites are not studied in detail. They comprise
the final residual magma derived from the agpaitic rocks and were
intruded as late stage sills, dikes and veins. The final stage of the
intrusion is marked by rather narrow dikes and veins predominantly
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Table 4. Chemical Analyses of Naujaites.

47

O/o

8i02 ..••..•••.•••..••

Al203 .
Fe203 .
FeO .
MnO .
MgO .
CaO .
Na20 .
K20 .
Ti02 ••.••..••..•.••.•

P205················ .
Zr02 .
CI2·· .
H20 .
TOTAL .
Cl=O .

TOTAL .

ppm.
Mo+4 .
Li+1 .
y+3 .
La+3 .
8r+2 .

Ba+2 •................

Rb+1 .

Niggli numbers

1. 2. 3.

49.46 43.39 43.82
23.53 23.13 25.62
3.04 3.62 2.66
1.02 3.24 0.40
0.17 tr. 0.25

tro none 0.06
0.80 0.56 0.70

14.71 19.68 18.45
4.34 1.51 1.00
0.16 0.20 0.20

none none none
0.38 0.27 1.05
2.25 3.63 4.60
1.38 1.57 2.40

101.24 100.80 101.21
.51 .82 1.01

100.73 99.98 100.20

5 tr. 30
20 5 15

200 200 600
150 100 800

O <30 100
20 50 200

320 200 155

si. .
al. .
fm .
c .
alk .
ti. .
p .
k .
mg .

142
39.7
9.3
2.4

48.6
.1

O
0.16
O

109
34.0
14

1.6
50.4
0.5
O
0.1
O

118
40.7

7.3
1.9

50.1
0.5
O
0.1
0.3

1.,2, G.G.U. No. 33157. USSING'S original analyses af the naujaite. Anal. C. WINTHER.

U SSING 1912 p. 154.
3. G.G.U. No. 33158. 8odalite-rich naujaite. Anal. E. 1. HAMILTON.



T ab] e 5. The distribution af same trace elements in same af the minerals from the agpaitic rocks.

No. I Mineral I Li. I Rb. I Cs I Mg I Sr I Ba I Mn I Ti I y I La I Zr I Ga I Pb I p~~;n.
1 333158 Sodalite A ............ 15 15 O 100 O O 100 <10 O O 80 - .. . .
2° - Sodalite B ............ 30 O - - O O - O O O O 100 O 5
3° - Sodalite C ............ 90 100 - - 2 7 - O 20 70 140 125 60 10
4 - Eudialyte ............. 330 500 - 400 3000 2000 >1% 200 5000 1% »1% - - -

5 - Aegirine .............. 50 25 - 300 O O 3000 3000 30 100 3000 - - -
6 - Steenstrupine ......... 100 5 .. 2000 tr. O »1% 1500 >1% »1% >1% - - -
7 33246 Feldspar .............. 25 160 <5 90 - - - 10 30 100 200 - - -

8 - Eudialyte ............. 330 160 O 300 100 100 8000 300 4000 5000 »1% - - -

9 - Aegirine .............. 160 330 tr. 200 O O 4000 3000 200 200 4000 - - -

10 33174 Feldspar .............. 25 660 <5 90 100 5 900 20 100 200 500 - - -

11 - Eudialyte ............. 50 20 O 300 200 400 1"/0 300 6000 5000 >1% -

I
- -

12 - Mafies ................ 160 330 <5 600 .. O 1% 3000 200 200 1% - - -

° Anal. by S. R. NocKoLDs; others by I. SØRENSEN.

Rock type
Nos. 1 - 6 Sodalite-rich naujaite, Ilimaussaq
Nos. 7 - 9 Sodalite foyaite-foyaite, Ilimaussaq
Nos. 10-12 Foyaite, Ilimaussaq
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composed of aegirine and albite. The lujavrites are found mainly in the
lower part of the naujaite and in the marginal areas of the intrusion.
They are intrusive magmatic rocks and within them the earlier rocks of
the Ilimaussaq intrusion occur as inclusions. WEGMANN'S (1938) view
that the lujavrites are metasomatically transformed porphyries cannot
be accepted. SØRENSEN (1958) has suggested that the lujavrites were
intruded into the older rocks not only as thin dikes, but also as larger
masses in ring systems. Within the northern area covered by this paper
there is na evidence for a system of ring structures related ta lujavrites.
In addition to brecciating the syenites, the lujavrites cut and include
xenoliths of the country rock.

The lujavrites in the lower reaches of the Narssaq Elv form out
wardly dipping sill-like masses. Along faults in the marginal syenite the
augite syenite has developed a flaser structure and in places is intimately
mixed with black and green analcite-aegirine lujavrite.

The kakortokites occurring in the southern part of the complex
are very similar in chemical and mineral composition to the lujavrites.
They differ from the lujavrites in being a coarser grained. A feature of
the kakortokites is the remarkable layered structure, formed by
crystallisatian differentiation, possibly of the residual lujavrite liquid.
The sequence is composed of black (rich in arfvedsonite), white (rich in
feldspar) and red (rich in eudialyte) bands. The white bands are the
thickest and most prominent members of the series, the black bands are
thinner, the red thinner still and often lacking. Large and small angular
inclusions of naujaite and augite syenite occur as inclusions in the
kakortokites.

IV) Quartz Syenite.

It is difficult to accurately describe the distribution of the quartz
syenites in the northern part of the Ilimaussaq intrusian, as the quartz
is often not visible in the hand specimen. The distribution af the quartz
syenites given in Plate 1 is based on field observations, and the study of
thin sections.

Along the northern face of the intrusion a quartz-bearing syenite is
present between the pulaskite and the soda granite. The upper part of
the quartz syenite was mapped in the fieId; the lower part has been
defined on the examination of thin sections.

It seems likely that the quartz syenite is developed either by meta
somatism of the earlier rocks (particularly the augite syenite) by the
later soda granite, or by the produetion of a contaminated augite syenite
magma. The quartz syenite is associated with a considerable amount of
alteration and recrystallisation af the feldspar and mafic minerals. The
mafic minerals have recrystallised to give small radiating clusters af

162 4
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aegmne. In addition, granular aegirine-augite has developed together
with fine-grained aggregates of iron oxides and purpIe fluorite. There are
no chilled facies along the lower contact to the pulaskite-foyaite. At Ndr.
Siorarssuit the quartz syenite is completely altered, iron stained and
contains abundant fluorite.

In the exposures to the east of Taseq, quartz syenite is present as a
rather thin sheet above the granite. Unfortunately, in this area the augite
syenite is abundant and very similar to the quartz syenite in the hand
specimen. The quartz syenite that in some places is present just below
and just above the granite is considered to have formed by reaction
between the granite and the adjacent rocks. The quartz syenite is not
always readily recognised but a study of thin sections may show that it
has a wider distribution.

At a higher level in the intrusion, on the plateau region of Nakiiliiq,
an intrusive quartz syenite is present. In this instance there is a recog
nisable difference between it and the augite syenite. The augite syenite
weathers to a rusty brown colour and the exposures are covered by a
sandy scree. The quartz syenite weathers to almost pure white. The
difference in weathering has in this case proved to be a very reliable
criteria for mapping these rocks. The marginal augite syenite occurs as
rounded inclusions in the later quartz syenite which is chilled around
them. Passing down towards traverse B, augite syenite is present and is
underlain by granite and then quartz syenite. This area is mainly covered
with scree and determination of the sequence of events in the few clean
exposures is complicated by a breccia. The breccia zone occurs at the
junction of quartz syenite and the granite. It is believed that the breccia
is mainly restricted to the quartz syenite, which includes xenoliths of
naujaite, sodalite foyaite, and syenites related to the pulaskites. Some of
the naujaite inclusions in the breccia are up to 15 m long. The marginal
parts (ca. 80 %) of these inclusions have been altered to an almost pure
yellow-orange feldspar rock containing abundant purpIe fluorite, How
ever, the cores of the inclusions consist of relatively fresh naujaite in
which the poikilitic texture is preserved, the only evidence of alteration
being the replacement of sodalite by fine aggregates of a black mineral.

The inclusions of pulaskite-like rock are rather fresh and angular in
outline. The breccia zone is enriched in alkalies, F, Be, Sn, U and Th as
shown by a preliminary semi-quantitative spectrographic analyses.

Slightly to the south-east of the quartz syenite at Nakiiliiq, the
syenite is cut by an aegirine granite. In addition to cutting, it also
brecciates and veins the quartz syenite. There is faulting associated
with the breccia and quartz, hematite and fluorite occur along joint
planes.

In thin section the aegirine granite consists of microcline, quartz,
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aegirine-augite, arfvedsonite-riebeckite, astrophyllite, apatite, fluorite
and an unknown colourless accessory mineral. The quartz contains
orientated dustlike inc1usions and shows strain extinction under crossed
nicols. The rather equidimensional quartz grains have been replaced by
feldspar, and occur as inc1usions in feldspar. This granite shows some
features similar to the soda granite of Iviangiussat.

Preliminary examination of the quartz syenite.

Quartz syenites have been recognised in the northern part of the
Ilimaussaq pluton at levels above and below the granite. The lower
facies are regarded as having formed by reaction of still warm augite
syenite with the later intrusive granite. The upper facies are c1early
intrusive into the augite syenite and contain altered inc1usions of naujaite
and sodalite foyaite.

In the hand specimen the quartz syenite is medium- to coarse
grained, leucocratic, with the matic minerals occurring interstitially
between the feldspars. In thin seetion alkali feldspar is replaced by later
albite. Quartz is erratic in its distribution, but always occurs late in the
crystallisation sequence. In some sections the quartz grains contain
patterns of dust-like inclusions. Olivine is often present, but is normally
altered to chlorite, green hornblende, iron ore and sphene. The latter
mineral has not been found in other parts of the intrusion. The other
matic minerals are purpIe titaniferous augite, aegirine-augite with local
patches of arfvedsonite that approaches riebeckite in composition and
astrophyllite along the margins of the aegirine-augite. Green and brown
hornblende when present may have cores of barkevikite. Sphene is the
predominant accessory mineral and is associated with the breakdown of
the matic minerals. Other accessory minerals include apatite, polylithio
nite, elpidite (in c10se proximity to the granite) and rarely zircon.

Modal analyses of the quartz syenites are given below in volume
percent.

G.G.U. Aegirine-
No. Feldspar Quartz augite Arfvedsonite Iron are

33249 66.0 4.5 27.5 O 2.0
33194 70.4 7.9 17.6 3.6 0.5
33586 70.0 13.4 13.2 2.8 0.6

The time of intrusion of the quartz syenite is tentatively placed as a
post-agpaite, but pre-granite. The quartz syenite may be divided into
three groups : -

1) The main mass of quartz syenite contains up to 10% quartz and
bears a great similarity to the Ilimaussaq augite syenite.

4*
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Table 6. Pulaskite and quartz syenite from Traverse A.

x

1. 2. 3. 4. 5.

Si02 ········· . 57.88 - 57.5 56.1 63.0

AI20 3 ········ . 14.80 - 14.9 15.4 12.4

Fe203········ . 5.86 5.1 8.0 3.8 8.9
FeO .......... 3.71 3.5 1.7 6.0 0.4
MnO 0.15 0.2

I

......... - - I -
MgO ........ . none - tr. -

I
-

CaO .......... 2.71 - 2.8 - , -
Na20 ......... 9.12 8.4 8.4 8.1 8.4
K20 .......... 3.06 5.4 5.6 5.4 5.5

Ti02··· .. ···· . 1.23 - 0.2 - -
Zr02 ......... - - 0.3 0.1 0.1
Cl2 ........... none - 0.6 0.2 I 0.1

I
P20 S ......... none - tr. - I -

CO2 .......... none - none - I -

H20 .......... 1.13 - 0.4 - I
-

TOTAL ....... I 99.65 (22.4) 100.6 (95.1) (98.8)

ppm
Ga+3 ......... 20 10 20 10 50
Li+1 .......... 25 50 40 20 80
Zr+4 ..........

y+3 .......... 100 300 100 600 100
La+3 ......... 100 1000 200 1000 30
Sr+2.......... 30 100 30 50 60
Ba+2 ......... 30 100 80 100 200
Rb+l ......... 400 400 300 400 400

Niggli numbers

si. .
al. .
fm .
c .
alk .
ti. .
mg .
cl. .
zr .
k .

193
29
26

9
36
3
O
O
O
0.2

185
28.2
24.6
9.7

37.5
0.6
O
3.3
0.4
0.4

1. Pulaskite, Ilimaussaq. USSING N. V. 1912, p. 124. Anal. Chr. WINTHER.
2. (G.G.U. No. 33242), 3. (G.G.U. No. 33247), 4. (G.G.U. No. 33248) Pulaskitic rocks
present between 846-870 m. Traverse A, "Transition" Series.
5. (G.G.U. No. 33249), Quartz syenite. 875 m. Traverse A. Anal. E. I. HAMILTON.
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2) In the vicinity of the soda granite, some of the quartz syenite
resembles the granite, particularly with regard to the accessory minerals,
although quartz is less than 15% by volume. An analysis of this variety
of quartz syenite is given in Table 6.

3) In a few cases quartz in abundant. It appears to have crystallised
early and it is possibIe that the quartz syenite crystallised from an
"augite syenite magma" that had assimilated quartz although the early
crystallisation of quartz in this type of syenite is not uncommon.

Along the northern face of Nakålåq at 1,000 m a white and red
sandstone has been found in situ, and probably represents a sandstone
horizon of the Gardar Formation. Local faults cutting the granite and
volcanics also cut the small isolated outcrops of the sandstone. Although
the immediate surroundings of the sandstone are obscured by scree, 4 m
away the chilled facies of the augite syenite are surrounded by a fine
grained red altered rock. In thin section it consists of quartz, altered
perthitic feldspar, calcite, chlorite and an almost black zircon. This
facies may represent the local replacement of pre-existing sandstone in
situ by either granite or modified augite syenite magma.



THE TRANSITION SERIES (HYBRID ZONE).

The transition series in USSING'S sense consists of pulaskite, quartz
syenite and soda granite. In addition, there are at a few places, according
to U SSING, gradual transitions from pulaskite down to foyaite, and
sodalite foyaite to naujaite. In relation to the sequence above the
pulaskite, a transition sequence does not generally exist in the sense
implied by USSING, who visualised a gradual change from pulaskite to
quartz syenite and finally granite.

The traverses numbered A, B, C, D, E, F, are given on the map
(Plate 1).

I) Sequence A. (Fig. 22).

The rocks of this sequence are well exposed in a stream section.

Attitude in metres.

1,000 Marginal augite syenite consisting of: -
1) Very leucocratic variety.
2) Dark type with prominent olivine and ore minerals.
3) Pegmatitic type in which dove coloured feldspars are rimmed

with white feldspar.
4) Mixed coarse and fine type with a dactylographic texture.
5) Leucocratic type with mafic bands less than 2 cms wide.

970 Iron stained augite syenite.
960 Augite syenite with xenoliths of almost pure feldspar rock.
920 Soda granite chilled against the overlying augite syenite. Chilled

granite associated with small pegmatitic patches, mafic schlieren
and narrow quartz veins.

880 Decrease in the amount of quartz, with a tendency for the quartz
to form in small dusters.

870 Green syenite with a littIe quartz and rather platy partings.
850 BIue, eudialyte-free, compact, medium- to coarse-grained syenite.

Possibly a variety of pulaskite.
846 Leucocratic rock, saccharoidal texture, eudialyte restricted mainly
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Fig. 22. General view of lhe northern face of the I1imaussaq inlrusion looking 100\"ards
the souLh-cast. The 'mall gIa ier mal'ks lhc contact of lhe inlru ion ,vilh thc country
rock of volcanics. TI'aver e A and F, are marked, also t.he lOll"er levelof lhc 'l'I'ansilion

'prips.

to pegmatjtic patches. Pegmatitic patches contain l"eldspal', nephe
line, odalite, aegirine and eudialyte.

835 Green syertite medium-grained with pegmatitic patches. Eud ialyte
restricted to pegmatite, smal! amounts in intercrystal 'paces, The
patches of pegmatite are surrounded by a zone of alteration in
which prominent ac icu]al' aegirine is developed,

830 B1ue, medium- to coarse-gmined syenite with an even distribution
of eudialyte. Possibly a variety of foyaite.

820 Platy 'odalite foyaite. This I'ork is associated with a con"iderable
amount of natrolite and analeite, pal'ticularly on joint faces.

805 Green syenite with the eudialyte. Re tricted mainly to pegmatitic
patches the margins of which show the development of acicular
aegirine in fr'om the walls of the "pockeL".

800 Foyaite-sodalite foyaite \vith nar'T'OW crush zones.
7 O l\1edium-grained compact foyaiLic ro k.
770 Sodalite foyaiLe pas ing down into naujaite.

Field relation how that the contacts 01' tlle variou ro k seen in
this traverse dip steeply towards the south at an anale gl'eater than 00.

The com pleLe Lransition sequence is obsen'ed in Sequence A and as
Lhe expo ed rocks were ,'ery fre h and 1'ree from scree this se(llJen ewas
cho en for a more detail ed study, nlike many af the other tran iLian
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series this one showed an apparent gradual change from the agpaitic
rocks to the granites as decribed by USSING (1912).

Petrology.

1) c. 200 m - 760 m.
The main rock present between these limits is naujaite that has

been intruded by lujavrite veins, dikes and sills. The lower facies are rich
in sodalite and may be described as a tawite. Between c. 400 m -- 700 m
naujaite is present, although the relative proportions of the major
minerals varies from place to place. The two most common varieties are
an eudialyte-sodalite-feldspar-rich facies and an arfvedsonite-aegirine
sodalite-rich facies. These two facies may represent the leucocratic and
mafic bands seen in the layered naujaite, but in neither is there any
preferred orientation of the major minerals. Poikilitic textures of the
naujaite at this horizon are shown in Fig. 23A, B.

2) 760 m - 800 m.
At 760 m naujaite is present, but at c. 765 m the poikilitic texture is

lost and the rock becomes, in USSING'S terminology, a sodalite foyaite.

3) 800 m - 820 m.
The lower facies of this zone consists of sodalite foyaite, but the

mineral assemblage and textures are very variable. The upper facies
reverts to normal sodalite foyaite with a slight preferred orientation of
the feldspar crystals. In thin section the feldspars have a complex type
of braided microc1ine twinning and are marginally replaced by analcite.
Analcite is also present in intercrystal areas. Large crystals of nepheline
are corroded and surrounded by analcite-natrolite coronas. Sodalite is
associeted with the natrolite or occurs as discrete crystals. The most
common mafic mineral is a well zoned aegirine with a narrow rim of
aegirine-augite. Eudialyte is present in sporadie amounts and is partly
replaced by catapleite. The accessory minerals include neptunite,
schizolite, pyrolusite, microlite (probably chalcolamprite), and sphalerite.

4) 840 m - 846 m.
In this zone the tendency to a preferred lamination of the feldspars

is lost, the grain size becomes medium to coarse and the amount of mafic
minerals increases; the eudialytes previously brown to dull red in colour
become bright pink. The feldspar contains a central zone of cryptoperthite
surrounded by a large corona of exsolved feldspar, analcite and sodalite.
Sodalite and nepheline are almost totally replaced by intergrowths of
analcite and natrolite. The arfvedsonite is surrounded, replaced or
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Fig. 2RA. Sodalite, partly aUer ncphclinc, loikiliticaLJy cnclosed by ænigrnatite
(blaek) and fcldspar (dusty gl'ey) in naujaite. This lJorizon corresponcls to a malie
layer; eudialyte is praeLieally absent and the sodalites are of variable sizes. Mag. X6.

rimmed by aegirine-augite whieh also oceurs as microlites in the feldspar.
Aecessory mineral are Jacking although small amounts of a tl'ophyl1ite
have repln.eed the pyroxene. In orne areas nephelinc is abundant, and
although largely altered the roek may be regarded as an urLite, while tho
mafie eounterpart, ijolite, is represented by areas rich in mafle mineral

S) 846 m - 870 m.
In tilis zone in the sequen e the texture seen in the naujaites and

sodalite foyaite are lo t, and instoad the roek becomes leueoeratie, and
saeeharoidal in texture. Eudialyte previously one of the major minerals
is here restrieted to into['crystal areas and pegmatitie patehes. Tlte fold
spar, a mieroc1ine per'thite is surrounded b) rim of sodalite and natrolito.

'epheline oecur a cOI'J'oded indusions in microlite-free sodalite, while
tlle sodalite itsolf is surrounded by rim of natrolite and analeite. In some
sections large porphyroblasts of ncpheline have been observed. Aegirine
is strongly zoned with deep green centre passing out to paIe green mar
gins. Three roek analyses from this horizon are given in Table 6. j os. 2-4.
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Fig. 23B. Sodalitc and sodalile arter nephcline, poikilili ally enclosed by eudialyte
(grey). This horizon corre .[.lO nets lo an cudialyte-sodalile-feldspar-rich leucocralic

hOl'izon in lhc naujaite. Mag. x 6.

6) 870 In - 880 m.
Quartz appears witilin these limits and increases in amount upwards

where the granite is encountered.

11) Seqllence B.

The main difl'erence betv...een this travorse and the previaus one is
that the quartz syenite contains xenoliths af naujaile, odalite foyaite
and pula kite. Locally the ql1artz syenite is very r'irh in quartz and iL is
passible that at least same af it may bo granite. lf this hould be the
case then it would pravide evidence that the quarl:.l syenite and granite
past date the agpaitic equence. Thc arca af xenoliths is partIy covered
\vith cree and the xenolith Lhem eh-es ha ve been mineralised with the
deyclopment af massiYc pUI'ple fluOt'ite. The xcnoIiths appeal' as l'Ounded
masses of pink foldspar wlth l1uarite devclaped in packets and joint
faces. lt is anly in tho cores af the xenaliths Lhat the ariginal rock ean be
discerncd. In the case af the naujaite the major minerals are aJtered but
the paikilitic texture i' retained. 'ome faGie of the quarLz sycnite Ol'
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Fig. 24. General vic,," of the Transition eries B. In lhe fo!'eg!'ound naujaitc passcs up
iuto plutj' sodalile foyaite. The lattc!' is overlain by poorl,)' developed pula kite. 'l'hc
upper bluITs al'e fOl'lned of qlla!'tz syenitc and oda granite. N. V'l. slope -åkålåq.

possibly granite are fine-grained with acicular arfved onite. Photographs
of the transition naujaite-sodalite foyaite-foyaite are gi ven in Figs. 2-1.
and 25.

III) Sequence C.

This equence exhibits the same variation of rock types which were
een at Sequences A and B. In this tr'a verse the pulaskite is \veJ! ho\vn.

The quartz syenite and 10\ovel' faeies of the granite are very altered. The
alteration take Lhe form of the decomposition of the feldspar to pink
secondal'Y produel , mu h iron tainin(7, quartz veining and the pre ence
of hematite and iluorite disseminated thl'Oughout the rock, The field
relation' suggest reaction between the granite and tho underlying syenite,

1'he oULstanding feat.ure of this tr'a verse is the well deveJoped pulas
kite, and tlle yery sharp contact between the sodaJite foyaite and naujaite.

l\') equence D.

1'his i ane of the few exposures that are free f!'Om eree. In thi
traver e the main features seen were Lhe sharp contact of naujaite with
the sodalite foyaite, the gradual cllange of foyaite to pulaskite and the
presence of altered olivines in thc agpaitic rocks. FI'om the field relation,
the overlying pulaskite and foyaite seem to have been repJaced by the
underJying agpaitic rocks. The amounL of repJa ement varies at difTerent
levels_
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Fig. 25. Transition eries B showing nalljaiLe ovel'1ain by sodalile foyai Le. Thc
nalljaile weaLl1er's lo give scree-coverecl slopcs. S. W. slopc )!åkålåq.

V) Sequcncc E.

This sequence forms the highest part of the intrusion, but the
CXPOSlH'CS are faulted, shear'ed, and much of the rock has been altered
to secondary products, In spite of these difficulties the change from
naujaite to granite is easiJy recognised in the fieId. 1'he contacts dip
steeply to the south.



THE ILIMAUSSAQ GRANITE

In the northern area the time of emplacement of the granite cannot
be accurately defined. In the south FERGUSON (1962) has suggested that
the granite was emplaced after the crystallisation of the augite syenite
foyaite, but before the agpaites. In the author's opinion the granite is
possibly the last intrusive phase of the Ilimaussaq intrusion.

In the southern area (FERGUSON 1962) very small granite stocks and
sills of a soda granite have been intruded into the foyaite. FERGUSON

regards these as representing the local penetration of the soda granite
into the augite syenite sequence, and now occupying horizons both above
and below the roof of augite syenite. While not disagreeing with this
suggestion the author considers that the following considerations suggest
a late stage intrusion of the granite.

1) The granites described by FERGUSON may not represent granite
intruded from below, but rather from above and represent irregularities
in the base of the granite sheet.

Although the roof of the intrusion and the overlying volcanics have
been eroded from this area the roof cannot have been very far away. A
common feature of the roof and margin of the intrusion is the formation
of a soda granite forme d by reaction between augite syenite magma and
sandstone of the country rock. The rheomorphic granite is intrusive in
nature and the granite described by FERGUSON may have been formed in
such a manner.

2) The lujavrite is established as representing the final residual
magma of the agpaites and the aegirine analcite veins as the final residual
liquid of the lujavrite. Neither of these two cut the soda granite. However,
lujavrite is not present in the upper parts of the intrusion which is
associated with the granite.

3) The breccia present at 900 m on Traverse B does not appear to
contain xenoliths of granite, but does contain xenoliths of the agpaites
and pulaskite.

4) The quartz syenite present above the granite in the northern
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Table 7. Chemical analyses of two rocks obtained from a
silica-enriched zone in the naujaites.

x

Si02············ .
AI203 •·•••·••··• •

Fe203··········· .
FeO .
MnO .
MgO .
CaO .
Na20 .
K20 .

Ti02 ············ .

P205············ .
H20 .

TOTAL ..

Trace elements ppm.
Mo+4 .
Li+l .
Zr+4 .

y+3 .
La+3 .

Sr+2 .

Ba+2 •..•••••.••.

1.

67.17
17.66

1.75
1.14
0.08
tf.
0.00
9.92
3.20
0.17
0.05
0.24

101.38

10
10
0.1 %

500
300

20
50

2.

65.9

0.1
tr.
tf.
9.8
3.7
0.2

1. Chemical analyses Me Mouritzen, spectrographic analyses r. SØRENSEN, G.G. U. N0.33499.
2. Partial analyses E. L HAMILTON, G.G.U. No. 33500.

area is intrusive into, and chilled against, the augite syenite. The examin
ation of Traverse A suggests that the lower quartz syenite has been
formed by the replacement of thepulaskite and the upper facies of the
agpaitic sequence by alater granite. In the author's opinion the intrusion
of granite was preceeded by the intrusion of a modified augite syenite
magma. While the normal trend in the augite syenite magma is towards
undersaturation, fractional crystallisation leading to a quartz-rich
residium could be promoted by: -

a) Assimilation of sandstone in situ or at depth.
b) Assimilation at depth of granite country rock.
c) The development of two trends in the original augite syenite

magma - one towards undersaturation and one towards satur
ation.

5) In the upper reaches of the Narssaq Elv at the 500 m contour,
to the outcrop of granite below the Nåkålåq plateau, rocks enriched
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Fig. 26. Contact of gl'anilc ovcrJain by quarlz-bcaring allgi Ie syeni le. Raslern end of
Taseq.

in silica are pre ent along a pooI'Jy defined faul L and (;J'ush zone. The
analyses of some of thesc rocks which are present in the naujaite are
aiven in Table 7. Although no aranile ha been found in situ thi may be
an indication that a granite was intruded after the ery. talli ation of the
agpaiti sequenee. It is possibIe that this silica-rich zone is relaLed to the
remelting of the granite country rock. The au thor is not of the opinion
that this is valid as the agpaites wouJd not have enough supeJ'11eat Lo
I'emelt a gr'anite.

The llimau saq oda granile may not be genetically related to the
intrusion but derived by the. ele tive reme~Lingaf rountl'y r'oe/( associated
with large s a]e orogenic mo\-ements. Selective remelting on a large
scale eould give rise to a odium- and iron-rich residual Jiquid. Tlte
presen e of Be, 'b, C, Th, and rare-earths, in rather large amounts
couJd be expJained by complex tran 'ference (SH HE HHT S A, J956 a, b),

T1Ie trace elements of the Ilimau saq soda granite are imilarLo those of
the agpaites.

The alkaline granite wa emplaced po ibly a a heet, in the upper'
region of the inLrusion. The granile i Lransll'l'es ive in nature, its 10wC['

margin being limited by the qual'tz 'yenite Ol' pulaskite und its upper'
margin by auaite syenite, quartz yenite, Ol' member af the Gardar
Formation.
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Pig. 21. Quarlz-feld par lexlure' in gl'aniLc. X-Kieol.. Mag. x 10.

The Ilimaussaq soda granite is very homogeneous in terms of mineral
con tituents and texture, a feature 'ommon to many other simiIar
rocks. Apart from mafie ehIieren and pegmaLi Le at the margins there is
no preferored orientation of the major minerals. Tn the main mass of the
O'ranite, pegmatite is uneommon but it i fairly \videspread ovel' a
di tanee of a few metres below the upper margin of ihe granite. striking
feature of this granite thaL is not common to most oda granites i the
development of an upper finc-grained ehilled margin. No ehilling has
been observed at the lower margin. The main graniLe is green with black
prismatic erystals af arfvedsonite. Quartz is pl'esent a somewhat rounded
grain ; severaI O'rains often forming conspieuous olu ters. In addition,
the green O'ranite enc10ses areas of bIue granite, but this doe not appeal'
Lo be related to any tructural feature. The difTel'enee in colour of the
o-ranite i due to green aegirine Ol' bIue arfvedsonite microlites enelosed
within the feldspar. In the ehilJed faeie the mafle mineral are aeieular
in habit, calcite i sometimes present and a narrow zone (approximately
2-:' cm deep) af red altercd rock rontaining OuoriLe, is present at thc
contact with the augite syenite. In the southern part of the granite
outcrop north of Tunugdliaf'fi k, the acicuiar hill is replaced by medium
to fine-grained granite \'vith ma s-like aegirine. In thi area the contact
with the overJying quartz yenite is "ery sharp a shawn in Fig. 26.
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Fig. 28. Spherulitic elpidiLe betwocn quartz grains of the llimaussaq soda granite.
-'[ag. x 25. (This thin sccLion is phoLographed through a cover of nuclear emulsion.

Tho fino ha ir liko linos as ociated witll the elpidite are alpha pur Licie Ll'acks).

Although USSI~C descl'ibcd the granite of llimaussaq as a light
greenish coarse-grained rock, tlle pecimen taken for analyses is dcscl'ibed
as a fros h looking, light grayish-bl'own variety. (j SI:\'C'S original specimen
ha been examined and i without doubt an uncommon, altered variety;
tlle brown colour is due to the alteration of tho microlite inclusions in the
feld par to secondary iron oxide·.

In thin sectionl,ho granite is compo ed of alkali feldspar, quart:i:,
advedsonite, aenigmal,iLe, aegirine-augite, a brown amphibolo, a 1,1'0

phyllite and acces ol'y elpidite, epididymite, pyrochlore, leuco:pheniLe,
fluorite, calcite and rare zircon.

Brief descriptions of the unalysed granites follow.
1) G. G.L'. No. 332[10. A green variety uf the granite compo ed
of alkali feldspar, quartz, arfvodsonil,e, aenigmatite, aegirine-augite,
astrophyllite, ...'\-ith accessory elpidite, epididymite, lluorite and rare
pyrochlore. The feld par con ists of early untwinneu alkali feld 'par, re
placed by microc1ine perthite and later albito. Quartz and feldspar
crystallised more Ol' Jess simultaneously, a'though in orne ,ections
quartz occurs as rounded arains enrlosed within feldspar. A photograph of
the quar'tz-feldspal' l'elaLionship i giVE'::n in Fig. 27 and radiating c1usl,ers
of elpidite a sociated with quartz are shown in Fig. 28.
2) G. G. U. 1\0. 33241. A bJue variety of the granite wil,h arfvedsonite
ha ving a few cores of aenigmatito. Pyroehlore (sul'l'ounded by pleoch
roic haloe ) and lluorite are the main accessory minerals.
3) G. G. C. No. 33250. This O'ranito conlain original untwinned feldspar

162 5
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replaced by microeline and surroundcd by granular albite. Arfvedsonite
rimmed by aegirine-augite (Fig. No. 29) and accessory amounts 01'
elpidite and pyrochlore.
4) G. G. . No. 33239. 1'his rock has fresh untwinned feldspar replaced
by a mosaic of albite and quartz. 1'he arfvedsonite rimmed with aegirine
augite contains cores of katophorite. Small amounts of aenigmatite are
prcscnt togcther with elpidite and f1uorite.
5) G. G. U. No. 33243. A medium-grained chilled facies of the chilled
granite. 1'he feldspar eontains microjites 01' arfvedsonite and astrop
hyllite. 1'he accessOl'y minerals are caleite and elpidite.

Fig. 29. Acgirinc (stippJcd) l'eplacing arfvedsonite. (G. G. U. 3324.0) llimallssaq
granite, Mag. x 28.

6) G. G. . Jos. 33243 and 33244. Both these specimens represent fine
grained chilled granite tal<en a few centimetres fr'om thc contact with the
overlying augite syenite. The feldspar contains large amount 01' albite,
and the accessOl'y minerals are predominantly pyrochlore and f1uorite.

1'wo other types 01' granite not analysed are described.
a) Onc i an altered variety af granite exposed at 900 m above the eastern
end of Taseq, just above the underlying foyaite. Quartz, from its form,
ean be seen 'Lo have crystallised early. It was followed by feldspar and
then by eal'ly paIe green hornblende surrounded by arfvedsonite which in
turn has narrow rims 01' aegirine-augite partly altered to acicular astro
phylJite. Most af this variety of granite has been altered by luter' hematite
fluoritc mincralisation.
b) The other granite is a very rare bright red variety. It is fresh in thin
section and the red colour is due to small prismatie gl'Uins 01' aenigmatite
in the quartz. SJightly larger grains of acnigmutite also occur as inc1usions
in the arfvedsonite.
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Mineralogy and Chemistry.

The main sequenee of erystallisation of the Ilimaussaq granite was
the simultaneous erystallisation of quartz and feldspar followed by the
mafie minerals and finally by the aeeessory minerals.

In the main mass of the granite the alkali feldspar eontains varying
amounts of albite lamellae, but in the zone adjaeent to the upper ehilled
granite layer the amount of albite lamelIae and diserete erystals of
albite inerease. The relationship between the aegirine-augite- and arfved
sonite mierolites present in the feldspar is interesting. In the main mass
of the green granite aegirine-augite oeeurs as mierolites in the feldspar
while the main mafie mineral in this faeies of the granite is arfvedsonite.
In the ease of the blue granite the reverse oeeurs. The feldspars present
in the green granite have been separated and chernically analysed for
total iron: Assuming that the feldspars eontain negligibIe iron within the
lattiee the resulting iron eontent indieates the presenee of 4-6 percent
included aegirine-augite. This is a eontributary faetor in aeeounting for
the high iron eontent of the Ilimaussaq granite eompared with other
similar granites.

The mafie microlites are prismatic, tend to be aeieular in erystal
form and in some cases eould be regarded as slightly orientated inclusions.
From the examination of the granite in thin seetion, it is suggested that
the microlites were forrned eontemporaneously with the erystallisation of
the feldspar and are in faet preeursors to the main erystallisation of the
mafie minerals. There is no evidenee to suggest a seeondary origin for
these microlites by exsolution; in faet, the later albite whieh replaees
the earlier potash feldspar is free from them. In the modal analyses given
in Table 8 the pereentage of mafie minerals does not include the microlites,
as they are far too small and numerous for a modal analyses.

The erystallisation of aegirine as mierolites (in a manner that may
be described as saturation nueleation) followed by the erystallisation of
arfvedsonite may be related to variations in the loeal water and volatile
eontent and oxidation state of the magma. From the mineral assemblage
it is eoncluded that the magma must have been relatively dry; mica and
other hydrous minerals are typieally absent. The breakdown of riebeekite
in the presenee of water at magmatic temperatures has been deseribed by
TUTTLE and BOWEN (1958). True riebeekites are absent in the Ilimaussaq
granite, but the tentative extrapolation of the riebeekite data may be
helpful in understanding the erystallisation of these arfvedsonites. The
sequenee of erystallisation shows that the initial formation of the mafie
minerals (mierolites) was in an environment unsuitable to the erystallis
ation of riebeekite (arfvedsonite) but whieh favoured erystallisation of
aegirine-augite (acrnite), this tentatively related to the water eontent

5*
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of the magma in the initial stage. Following this, arfvedsonite formed
from the rest-magma may have crystallised under more reducing
conditions and a lower water content. As the pore spaces were further
reduced by the growth of the arfvedsonites (zoned) the pore liquid was
enriched in water which favoured the crystallisation of aegirine-augite
which replaced the earlier arfvedsonite. Aegirine-augite rims surrounding
arfvedsonite are a marked feature of the Ilimaussaq granite. Apart from
the variations in the oxidation state and water content of the magma the
effect of such active mineralisers such as fluorine and carbon dioxide must
1e taken into account.

Recently TUTTLE and BOWEN (1958) have described the Quincy
granite with experimental data on the feldspars and amphiboles (riebeck
ite). By analogy to the Quincy granite, the Ilimaussaq granite, which is
of the hypersolvus type, contains a primary K-Na-feldspar which is not
of the completely unmixed variety indicating crystallisation in a rather
dry environment. The exception to this is in the chilled facies of the
granite in which two feldspars occur indicating a more aqueous environ
ment at the margins which is to be expected.

The accessory minerals of the Ilimaussaq granite contain relatively
large amounts of zirconium (elpidite), niobium (pyrochlore) and beryllium
(epididymite). Elpidite which is the most common accessory mineral is
mainly restricted to the margins of quartz crystals. This assemblage
of accessory minerals is characteristic of many alkaline rocks and indicates
the concentration of the constituent elements through the agency of
compIex formation. In the main mass of the granite zircon is typically
absent, but in the narrow granite veins cutting the Gardar Formation
zircon and possibly beryl have been found in mairolitic cavities.

Allowing for slight mineral variations from place to place, the
homogeneous composition of the granites is supported by the chemical
analyses given in Table 8. As may be expected, the chilled facies
G. G. U. Nos. 33243, 33244 & 33586) show a relative enrichment in the
rest elements zirconium, yttrium, lanthanum, cerium, cesium and
lithium. In Table 9a selection of alkaline granites is given for comparative
purposes. In the general category of alkaline granites, arfvedsonite
granites are not very common, instead aegirine or riebeckite granites
predominate.

In the Nigerian granite province (JACOB SON et al., 1958) riebeckite
granites account for only 12 Ofo of the total varieties; biotite granites are
the most abundant (560fo) followed by rhyolites (190f0), amphibole
fayalite granite (80f0) and a more basic granite (5 Ofo). The biotite granites
have chilled margins and matic segregations at the margin similar to
those seen at Ilimaussaq. The accessory minerals are typically thorite,
monazite, xenotime, fluorite and ilmenite. The riebeckite granites on the
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T ab l e 8. Chemical Analyses of the Ilimaussaq Granites.

69

% l. I 2. I 3. I 4. 1 5. I 6. I 7. 1 8. I 9. 1 10. I 11.

8i02 70.59 72.65 72.98 71.80 72.50 73.40 70.40 74.00 71.93 72.50 72.32

Al203 12.38 10.05 10.75 10.71 10.11 10.16 9.50 9.17 10.11 9.78 10.27

Fe203 1.61 3.66 2.38 0.74 3.47 2.46 4.60 3.71 2.85 2.87 2.71
FeO 3.33 2.53 3.80 4.12 2.20 4.10 5.10 2.52 5.54 4.00 3.50
MnO 0.08 0.14 0.17 0.07 0.10 0.10 0.50 0.80 0.17 0.16 0.23
MgO none none 0.03 0.02 0.02 0.02 0.75 0.25 0.39 0.01 0.16
CO 0.93 0.72 0.71 0.90 0.50 0.70 0.50 0.80 0.22 0.40 0.67

Na20 6.95 4.56 4.66 6.00 4.75 6.00 4.35 3.40 3.81 6.40 5.17
K20 3.74 4.92 4.25 4.20 4.25 3.71 3.68 2.90 3.73 3.50 3.92
Ti02 0.44 0.37 0.41 0.38 0.48 0.20 0.25 0.25 0.25 0.25 0.33
P205 tr. 0.01 0.30 tI. 0.59 0.11 0.10 0.10 0.03 0.11 0.18
H20 0.41 0.30 0.20 0.41 0.36 0.24 0.58 1.59 0.98 0.30 0.54

Total 1100.461 99.911100.641 99.351 99.331101.201100.311 99.491100.011100.281100.00

ppm. I
Ga+3 10 10 10 10 10 30 50 50 50 20
Mo+4 5 20 20 10 20 10 10 10 10 5
Li+l 50 25 25 50 25 90 80 80 90 70
Zr+4 3000 2000 2000 >1% 3000 1% >1% »1% »1% 2500
y+3 200 100 100 200 200 200 900 1000 900 1000
La+3 250 300 300 1000 100 500 2000 2500 3000 1500
81'+2 <30 30 30 30 30 >30 100 100 90 <30
Ba+2 80 100 100 80 100 50 100 100 100 30
Rb+1 500 350 350 350 300 400 300 300 350 400

l. I 2. 1 3. 1 4. 5. 1 6. 1 7. I 8. 1 9. 110.1 11.

Mode Vol. %
Quartz ............ 24 24 30 25 28 32 44 47 32 30
Feldspar .......... 64 62 55 64 57 43 40 36 45 54
Arfvedsonite ......

} 12
12

15 11 14 22 14 15
16

15
Aegirine .......... <.5 6
Accessories ........ (<1) 1.5 (<1) (<1) 1 3 2 2 1 1

Average Niggli numbers si. 367, al. 31, fm. 27, c. 4, alk. 38, k. 0,34, mg. 0,44, ti. 1.2, p.0.3.

1. USSING'S arfvedsonite granite, Ilimaussaq. Original analyses C. WINTHER, 1912.
2. Normal green arfvedsonite granite. Anal. ME. MOURITSEN, 1958. G.G.U. No. 33240.
3. Normal green arfvedsonite granite. Anal. E. I. HAMILTON. G.G.U. No. 33240.
4. Normal green arfvedsonite granite. Anal. E. I. HAMILTON. G.G.U. No. 33399.
5. Blue arfvedsonite granite Anal. E. I. HAMILTON. G.G. U. 33241.
6. Variety of arfvedsonite granite. Anal. E. I. HAMILTON. G.G.U. 33250.
7. Medium-grained chilled granite. Anal. E. I. HAMILTON. G.G.U. 33243.
8. Fine-grained chilled granite. Anal. E. I. HAMILTON. G.G. U. 33244.
9. Fine-grained chilled granite 10 cm from contact. Anal. H. WIIK. G.G.U. 33586.

10. Variety of arfvedsonite granite. Anal. E. I. HAMILTON. G.G.U. 33239.
11. Average Ilimaussaq granite.
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Table 9. Alkaline Granites.

x

1. 2. 3. 4. 5. 6. 7. 8.

Si02 ······ . 69.80 73.93 70.40 70.25 70.04 73.68 71.24 76.23
AI203····· . 5.10 12.29 7.85 8.75 10.53 11.05 13.78 11.35

Fe203····· . 13.23 2.91 6.98 7.90 3.00 3.93 1.30 1.88
FeO ....... 0.78 1.55 2.98 1.62 4.61 1.45 2.83 0.32
MnO ...... 0.12 tr. 0.13 0.13 0.09 tr. 0.15 0.20
MgO ...... 0.11 0.04 0.52 0.65 tr. - tro -
CaO ....... 0.72 0.31 0.26 0.51 0.27 0.48 0.38 0.43
Na20 ...... 8.04 4.66 4.65 3.82 5.00 5.20 5.32 4.71
K20 ....... 0.22 4.63 4.25 4.12 4.36 4.05 5.10 4.57

Ti02······ . 0.34 0.10 0.13 0.86 0.20 0.57 0.68 0.27
P20 5 ...... 0.07 - - - tr. - - tr.
H20 ....... 0.77 0.41 0.25 0.75 0.80 0.25 tr. 0.39
Zr02 ...... 1.17 - 1.65 0.78 0.25 0.24 - -

TOTAL .... 1100.4711100.831100.05 1100.14 I 99.1521100.90 1100.78 1100.35

plus 1 - Ce203 0.37 plus 2 - F 0.41; C02 0.07; Sn02 0.10; Th02 0.03; RE 0.07; U30 S
0.02; Ta205 0.03; Nb205 0.33.

Mode Vol. %

Quartz ..... 30 30 - - - - - 30
Feldspar ... 26 60 - - - - - 62
Aegirine ... 43 O - - - - - }6
Arfvedsonite 00 O - - - - -

Riebeckite . O 10 - - - - - ..
Accessories . 1 O - - - - - 1

Niggli numbers

si. ......... 310 397 319 352 344
I

397 350 462
al. ........ 13.3 39 21 26 30 35.3 40 40.5
fm......... 48 19.1 47.7 41 30 20.4 17 11.5
c.......... 3.2 1.6 1.1 1 2 2.9 2 2.5
alk. o •••••• 35.5 40.3 30 32 38 41.6 41 45.5
ti. ......... 1.2 3.9 0.5 2.4 0.3 2.6 2.7 1.2
p.......... 0.3 0.01 - - - - - -
k. ......... 0.2 0.5 0.4 0.4 0.4 0.3 0.4 0.4
mg........ 0.2 0.02 0.7 0.1 - - - -

zr......... 2.7 - 3.8 1.8 0.6 0.7 - -

1. Rockallite. The composition of rockallite. H. S. WASHINGTON. Quart. Journ. Geol. Soc.,
London 1914,70, p. 297. Anal. H. S. WASHINGTON.

2. Quincy granite. TUTTLE, O. F., BOWEN, N. L. 1958.
3. Arfvedsonite granite centre of aegirine granite dike. Ampasibitika Madagascar.

A. LACROIX 1903. Nouv. Arch. Museum, Paris. II, p. 235. Anal. PIS ANI.
4. Aegirine border to No. 3. p. 235.
5. Albite Reibeckite Granite, Nigeria. British Geological Survey. The Petrography of

some of the Riebeckite Granites of Nigeria, 1952, p. 33. Anal. K. E. BEER.
6. Comendite, Ilimaussaq. USSING, N. V. 1912, p. 224. Anal. C. WINTHER.
7. Soda granite, lviangussat. USSING, N. V. 1912. p. 114. Anal. C. WINTHER.
8. Ekertie. Oslo. BRØGGER, W. C. Nyt. Mag. Natur. Vid. 44, p. 136, 1906.
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other hand, whieh are peralkaline in eomparison to the meta-aluminous
biotite granites, show great textural variation with the development of
speetaeular marginal pegmatites. The aeeessory minerals inelude astro
phyllite, pyroehlore, eryolite, thomsonolite, fluorite and ilmenite. The
presenee of pyroehlore and the replaeement of the early potash feldspar
by later albite are features similar to those seen at Ilimaussaq. In the
granites of the Kuduru Hills (BAIN, 1934) a biotite granite eontains
sporadie patehes of riebeekite granite indieating perhaps loeal more
aqueous- or volatile-rieh poekets.

In the Oslo area (BARTH, 1944) the alumina-defieient ekerites are
similar to the Ilimaussaq granites, but aegirine is the main mafie mineral
with subordinate riebeekite. The aeeessory minerals of the ekerites inelude
astrophyllite and elpidite.



DIKES AND FAULTING

Dikes are not very numerous in the northern part of the intrusion.
Five most common types observed are briefly described.

a) There is a fine-grained, black, flow banded, porphyritic dolerite.
b) There is also a fine-grained, red micro-syenite, which is generally

very altered and iron stained.
c) Dense blue-black tinguaites were found.
d) A green, porcellaneous, spherulitic dike was studied in more

detail. The major minerals of this dike are feldspar, aegirine and fluorite.

Table 10. Chemical Analyses of dike rocks.

0/o

Si02 •••...•••.•••.••.

Ti02 ················ .
Al20 g .

Fe20g .
FeO .
MnO .
MgO .
CaO .
Na20 .
K20 .

P205················ .
H20+ .
H20- .

TOTAL .

* ine. Zr02 0.24.

Niggli numbers

1. 2. 3.

60.23 73.28 73.68
0.28 0.52 0.57

13.62 9.33 11.05
7.47 4.40 3.93
4.17 2.52 1.45
0.28 0.14 tr.
0.28 0.30 none
0.74 0.16 0.48
9.65 4.40 5.20
1.76 4.15 4.05
0.13 0.00 none
0.90 0.85 0.08
0.05 0.07 0.17

99.56 100.12 *100.90

si. .
al. .
fm .
e .
alk .
ti. .
k .
mg .

208
28
34

2
36

0.8
0.0
0.04

394
30
32
1

37
1.9
0.4
0.07

389
35
22
3

40
3

0.4
O

No. 1. G.G.U. 33506. "Soda-syenite" A. (Anal. H. B. WUK).
No. 2. G.G.U. 33511. Comendite. (Anal. H. B. WIIIc).
No. 3. Comendite. (USSING, 1912. Anal. C. WINTHER).
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Fig. 30. Cornendile - uciculul' ul'h'edsonile gr'o\\'ing pel'JlendiruJar lo flow lines,

The grain size i o mali that the positive identification of other mineral
in the groundmass is difficult. The aegir'ine, which i of the prismatic
habit, i concentrated in l ands and patches togeLhel' wiLh fluorite, Some
of these ae irine patches have mar'lrinal ar'eas whel'e aegil'ine forms a
reticulate network that encloses tlle groundmass. This is taken as an
indication that the manc minerals '\overe some of the last to crystal]j 'e.
An analyses of this dike r'oek is given in Table 10, Col. 1,

e) In the vicinity of Narssaq, blaek sphel'ulitic dikes with pronounced
ehiIled margins are quite common. Apart from the colour difTerenee they
are similar to the O'reen por'ceIlaneous spher'ulitic djke, In thin seetion
the major' miner'als seen are feldspar as disCl'ete grains, acieular arfved
soniLe, prismatie aegirine, quartz and small amounts of iron oxides. The
textural features of this rock are shown in FiO', 30 and a chemical aJlalyse
in Table 10, CoI. 2. From the textures, mineral eomposiLion and ehemical
analyses this dike resembles the Comendite type of soda graniLe.

The main fauH lines cuttinO' the northern part of the intrusion run
parallel to the dike trend, The major faulL that euL the intru ion trend
E-y , cuts the marginal syeni'Le in the :\far saq BI and then pa se
through Ta eq. In the field the continuation of thi fault to the outh
of Taseq is not obvious. i\lany of the fault zones contaill fl uor'iLe, hematiLe
and local mylonite.



THE GEOCHEMISTRY OF URANIUM

AND THORIUM TOGETHER WITH THE

DISTRIBUTION OF RADIOACTIVITY IN THE

ILIMAUSSAQ INTRUSION

Chemical procedures.

The uranium content of the Ilimaussaq rocks has been determined
by the folIowing techniques: -

a) Radioactivation analyses (HAMILTON, 1959). In this particular
method the rock powder is irradiated in a nuclear pile and the fission
produet Ba140 is chemically isolated. The barium-140 decays to the
daughter La140 which after separation from the parent is used as a measure
of the uranium content of the sample.

b) Fluorimetry (HAMILTON, 1959). In the fluometric determination
of uranium the mixed carbonate-fluoride flux was used (GRIMALDI, 1952).
The chemical yields of the separations were monitored by using a U233
spike and the amount of fluorescent quenching was determined by adding
a known amount of uranium to the sample pad.

c) Thorium has been determined by extraction on Dowex 1 anion
exchange columns or by liquid extraction as described by LEVINE and
GRIMALDI (1958). After the separation the total thorium content of the
sample was determined by spectrophotometry (BECKMANN) using
thoronol as the colouring complex. In the zirconium-rich samples it was
necessary to remove zirconium before adding the thoronol.

The uranium and thorium content of the Ilimaussaq rocks compared
to the sodium, potassium, lanthanum, yttrium and zirconium are given
in Table 11.

The distribution of uranium and thorium (Table 11).

a) Augite syenites.

Specimens No. 1, and 2, represent fine- and coarse-grained facies of
the augite syenite. The Th/U ratio shows slight thorium enrichment to the
generally accepted Th/U ratio in igneous rocks of 3.5-4.0. Specimen
No. 33452 was taken adjacent the country rock of Julianehåb granite and



Tab'le 11. The distribution of uranium and thorium in the Ilimaussaq intrusion.

Zr
ppm.

y

ppm.I
U I Th I I Lappm. ppm. Th/U ppm.

G.G,U·I
No. Rock Type

Augite Syenites
33452 1 Chilled type ................................... 54.0 5.5 4.5 1.8 8.7 4.8 50 tr. 500
33390 2 Chilled type ................................... 53.3 6.5 4.5 1.2 6.6 5.5 20 tr. 300
33320 3 Normal augite syenite .......................... 57.5 5.8 5.1 1.2 5.8 4.8 30 tr. 300
33242 4 lnner facies of upper augite syenite .............. 57.3 7.2 5.0 2.0 14.0 7.0 30 30 500

33190 5 lnner facies of upper augite syenite .............. 56.0 5.7 4.8 2.3 14.5 6.3 - - -
33586 6 Chilled facies of nordmarkitic type ............... 56.1 5.8 4.9 1.2 6.6 5.5 O O 80
33173 7 Nordmarkitic facies ............................ 62.2 7.4 5.3 2.2 12.8 5.8 30 tr. 200

Granites
33240 8 Normal green granite .......................... 73.0 4.7 4.3 28 51 1.8 300 100 2,000

33241 9 Normal blue granite ........................... 72.5 4.8 4.3 20 50 2.5 100 200 3,000

33250 10 Variety of coarse granite ....................... - 6.1 4.2 28 90 3.2 100 1,000 1"/0
33243 11 Medium-grained chilled granite .................. 70.4 4.4 3.7 42 140 3.4 2,000 900 >1"/0
33244 12 Fine-grained chilled granite ..................... 74.0 3.4 2.9 58 250 4.3 2,500 1,000 »1"/0

Agpaites
33158 13 Sodalite-rich naujaite .......................... 43.8 18.5 1.1 22+ 100 4.5 800 600 >1"/0
33235 14 Variety of naujaite-sodalite foyaite .............. 50.0 14.1 3.8 nd. 28 - 30 30 100
33237 15 Variety of naujaite-sodalite foyaite .............. 53.6 12.1 3.6 nd. 50 - 300 600 >1"/0
33238 16 Variety of naujaite-sodalite foyaite o ••••••••••••• 57.9 9.9 4.3 50+ nd. - 200 200 600
33245 17 "Foyaite" in transition series A ................. 51.0 12.5 2.5 41+ 160 3.9 400 300 >1"/0
33247 18 "Foyaite" in transition series A o •••••••••••••••• 57.5 9.6 3.3 22 35 1.6 200 100 3.000
33248 19 Contact zone agpaites/augite syenite ............. 56.1 8.1 5.4 19 90 4.7 1,000 600 1"/0
33231 20 Contact zone agpaites/augite syenite o •••••••••••• 57.1 8.0 4.8 - 33 - - - -
33249 21 Quartz syenite (augite syenite granite) o •••••••• •• 65.0 8.4 5.5 27+ 50 1.9 30 100 1,800
33233 22 Arfvedsonite lujavrite, Narssaq Elv, 310 m ....... 53.3 9.9 1.7 1,602+ 6,500 4.1 3,000 1,000 1"/0
33292 23 Eudialyte (Narssaq Elv 400 m) .................. - 13.0 1.1 60 340 5.7 4,000 5,000 »1"/0

+ Analyses by radioactivation. Analyst 1) E. L HAMILTON Si02, Na20, K20, U, Th.
2) L SØRENSEN La, Y, Zr.
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the slightly higher uranium and thorium content may reflect a marginal
concentration of these elements, or the incorporation of back veined
rheomorphic granite. The chilled zone of the nordmarkitic facies of the
augite syenite in the northern part of the intrusion, is represented by
Nos. 6 and 7, and the normal coarse-grained variety by No. 3 in Table 1i.
Compared to the normal chilled syenite this facies shows a two-fold
enrichment in both uranium and thorium.

The distribution of uranium and thorium in the granite is partly
controlled by the heterogeneous distribution of the accessory minerals.
Apart from this sampling error, the granite is enriched in uranium relative
to thorium. The average Th/U ratio in the augite syenite is 5.7, while
in the granites (omitting the anomalous chilIed facies No. 12) it is ca. 2.7.
From the few analyses made on the granite there appears to be an
increase in both uranium and thorium with a decrease in the amount
of potassium and sodium; this is the reverse to the normal trend in
igneous rocks.

The concentration of uranium and thorium in the chilled varieties of
the Ilimaussaq granite probably represents the effect of the outward
migration of these two elements, and the rock probably does not corre
spond to the original composition of the "granite magma".

It is difficult from total rock analyses to describe quantitatively the
distribution of both uranium and thorium in the agpaitic rocks. Super
imposed the scattered distribution of the accessory minerals there is the
heterogeneous distribution of the major minerals audialyte, aegirine and
arfvedsonite all enriched in uranium and thorium. The thorium to the
uranium ratio of the naujaite and lujavrite is approximately 4, with the
late stage lujavrite formed from the residual magma being greatly
enriched in both uranium and thorium. The analyses of these rocks are
given in Table 11, Nos. 13-23. In the transition series (Table 11, Nos.
17-21) the rocks have been formed by reaction of both granitic and
agpaitic "emanations" upon pre-existing augite syenite. The thorium to
uranium ratio of these rocks appears to be comparable to that in the
granites.

From the thorium and uranium analyses the folIowing conc1usions
are drawn:-

1) The augite syenite shows a slight preferential increase in thorium
relative to uranium.

2) The uranium and thorium content of the granites increases with a
decrease in the amount of potassium and sodium.

3) The agpaites appear to have a fairly normal Th/U ratio with a
tendency towards thorium enrichment.

4) In USSING'S transition zone uranium is enriched relative to thorium.
5) The Ilimaussaq intrusion is relatively rich in thorium.
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T ab l e 12. Augite Syenite from the lower facies of the upper augite
syenite. G.G.U. No. 33242. _

°/oofalpha
°/oofalpha

Mode Total no. particles
Mineral Vol. 0/0 tracks particles from alphas/cm2·/sec.

from rock mineral

Feldspar ............... 77.7 348 51.5 100 4.0 x10~5

Feldspar ............. .. 48 7.0 14 0.56 xl0~5

Inclusions ............ .. 271 40.0 70 ..
Cracks ............... .. 10 1.5 2 ..
Alteration ............ .. 19 3.0 6 ..

Augile ................ 14.1 68 10.0 100 0.45 xlO~5

Augite ............... .. 29 4.2 42 0.19 xlO~5

Inclusions ............ .. 15 2.2 22 ..
Cracks ............... .. 12 1.8 18 ..
Alteration ............ .. 12 1.8 18 ..

Hornblende ............. 2.0 16 2.3 100 ..
Hornblende .......... .. 10 1.5 66 . .
Inclusions ............ .. 3 0.4 17 ..
Alteration ............ .. 3 0.4 17 ..

Apatile ................ 0.6 168 24.6 100 2.6 xlO~4

Apatite .............. .. 115 17.0 68 ..
Inclusions ............ .. 23 3.3 14 ..
Alteration ............ .. 30 4.3 18 ..

Ore .................... 3.8 6 0.9 100 1.5 x10~4

Olidne . ................ 1.8 4 0.6 100 2.05 x 10-5

Accessories ............. <.1 70 10.2 100 ..

Total alpha particle radioactivity, 91 alpha/cm2

The distribution of radioactivity in the
Ilimaussaq Intrusion.

The method used in this work and a bibliography of earlier works
describing the nuclear emulsion method of analyses have been given by
HAMILTON (1957, 1959, 1960a). In the examination of the Ilimaussaq
intrusion, granites, quartz syenite and two varieties of the augite syenite
have been studied. Most of the Ilimaussaq rocks are far toa coarse for
analyses by the nuclear emulsion method and are perhaps more suitable
for individual mineral analyses.
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Table 13. Augite syenite adjaeent to the naujaite. G.G.U. No. 33409.

%ofalpha o/oofalpha
Mode Total no. particlesMineral Vol. % tracks particles from alphas/cm2./sec.

from rock mineral

Feldsparl ............... 85.0 633 42.19 100 7.33 x 10-5

Feldspar ............. .. 58 3.86 9.2 0.67 x 10-5

Inclusions ............ .. 392 26.11 61.9 ..
Alteration ............ .. 183 12.20 28.9 ..

Ma(ics2 •.•••.•••••••••. 10.0 146 9.73 100 1.44 x 10-5

Mafics ............... .. 42 2.80 28.8 0.20 x 10-5

Inclusions ............ .. 83 5.52 56.8 ..
Cracks ............... .. 5 0.34 3.4 ..
Alteration ............ .. 16 1.06 11.0 ..

I ntercrystal ............. .. 54 3.60 100 ..
Ore .................... 1.1 O O O ..

Apatite o ••••••••••••••• 2.5 245 16.47 100 9.65 x 10-4

Unknown Accessory ...... <.1 393 26.20 100 ..
Fluorite ................ <.1 27 1.81 100 ..
Oli'Uine .. ............... 1.4 O O O ..

lIneluding 5"10 nepheline
2 Pyroxene, amphibole, aenigmatite
Total alpha particle radioactivity: 382 alphajcm2•

Augite syenite (Table 12, 13).

These two samples represent the extreme differentiates of the augite
syenite. While the aeeessory minerals are the most radioaetive, the feld
spar is more radioaetive than the mafie minerals.

Quartz Syenite (Table 14).

Most of the radioaetivity originates from the aeeessory minerals and
from inelusions within the major minerals. Apart from the aeeessory
minerals the next most radioactive minerals are the mafies, followed by
the feldspar.

Granite (Tables 15,16,17,18).

In the average green granite the aeeessory minerals are the most
radioactive and are followed in order of decreasing radioactivity by
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Table 14. Quartz syenite. G.G.U. No. 33194.

79

"/oofalpha
°joofalpha

Mineral
Mode Total no. particles

particles
alphas/cm2.jsec.

Yol. °jo tracks fromfrom rock mineral

Feldspar ............... 74.6 126 39.76 100 3.15 x10-5

Feldspar ............. .. 33 10.40 27.0 0.83 x10-5

Inclusions ............ .. 71 22.40 56.0 ..
Cracks ............... .. 22 6.95 17.0 ..

Mafies ................. .. 49 15.45 100 1.606 x10-5

Aegirine ............ . 13.1 12 3.78 24.5 5.205 x10-5

Fibrous Amphibole .... 9.1 27 8.52 55.0 ..
Brown mica .......... .. 10 3.15 20.5 ..

Apatlte ................ 0.2 23 7.25 100 2.017 x10-3

Apatite .............. .. 4 1.26 17.4 0.35 x10-3

Inclusions ............ .. 19 5.99 82.6 ..

l ntererystal ............. .. 25 7.88 100 ..

Quartz ................. 2.9 O O O ..

Total alpha particle radioactivity: 144 alphajcm2•

Table 15. Aegirine soda granite. G.G.U. No. 33239.

"/oofalpha
°joofalpha

Mineral Mode Total no.
particles

particles
alphasjcm2.jsec.

Yol. °jo tracks fromfrom rock mineral

Feldspar ............... 55 147 12.03

I
100 2.94 x 10-5

Feldspar ............. .. 13 1.06 8.9 0.26 x 10-5

Inclusions ..... , ...... .. 102 8.35 69.1 ..
Cracks ............... .. 10 0.82 6.9 ..
Alteration ............ .. 22 1.80 15.1 ..

Mafies ................. 15 279 22.83 100 2.05 x10-4

Aegirine Arfvedsonite .. .. 63 5.15 22.6 ..
Alteration ............ .. 15 1.23 5.4 ..
Aenigmatite .......... .. 14 1.15 5.0 ..
Alteration ............ .. 187 15.30 67.0 ..

Quartz ................. 30 33 2.70 100 1.213xlO-5

Quartz ............... .. 6 0.49 18 0.22 x 10-5

Inclusions ............ .. 27 2.21 82 ..

Total alpha particle radioactivity: 255 alphajcm2•
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Table 16. Typical soda granite. G.G.U. No. 33240.

x

oIo ofalpha °/oofalpha
Mode 'rotal no. particlesMineral Val. oIo tracks particles from alphas,'cm2 ·/sec.

from rock mineral

FeldspaT ............... 62 698 16.1 100

I
10.97 x 10-5

Feldspar ............. .. 78 1.8 11.0 ..
Inclusions ............ .. 600 13.8 86.0 ..
Cracks ............... .. 20 0.5 3.1 ..

QUaTtz ................. 24 48 1.10 100 1.92 x 10-5

Quartz ............... .. 24 0.55 I 50 0.96 x 10-5

lnclusions ............ .. 24 0.55 I 50 . .

ATtvedsonite ............ 12 31 0.70 100 0.25 x 10-5

Arfvedsonite .......... .. 11 0.25 35 0.86 x 10-6

Inclusions ............ .. 18 0.40 58 ..
Alteration ............ .. 2 0.05 7 ..

AccessoTies ............. 1.5 107 2.47 100 6.95 x 10-4

l A .................. .. 42 0.97 40 ..
l B .................. .. 27 0.67 25 ..
l C .................. .. 36 0.83 35 ..

l nteTcTystal ............. .. 3404 .. 100 66x 10-3

Intercrystal .......... 5 12 0.25 0.3 ..
Accessory-Intercrystal . .. 3392 78.07 99.7 ..

Emanation ............. .. .. .. " ..
Feldspar ............. F 38 0.87 100 ..
Quartz ............... Q 17 0.40 .. ..
Accessories ........... AC. 3 0.04 . . . .

l Mineral not determined.
Total alpha particle radioactivity: 1089 alphajcm2•

feldspar, quartz and then the mafic minerals. Similarly, in the chill zone
(Tables 17 and 18) the accessory minerals are the most radioactive but
are folIowed by the mafic minerals and then by the feldspar and quartz.
The high radioactivity from the quartz in the chilIed granite is due to the
intimate association of quartz with elpidite. The elpidite is the most
radioactive mineral in the granites and is associated with several other
radioactive minerals such as epididymite and leucosphenite. In the major
minerals most of the radioactivity originates from the inclusions, and
not (as far as microscopic examination alIows using a magnification of
c. x 1,000) from the actual mineral.

Changes in the ratio afb (a = Total radioactivity from the feldspar,
b = Total radioactivity from the feldspar-radioactivity in the feldspar
from inc1usions and cracks), have been used to compare nuclear emulsion
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Table 17. Medium-grained chilled granite. G.G.U. No. 33243.

81

"/o of alpha
%ofalpha

Mineral Mode Total no. particles particles
alphas/cm2./sec.Vol. "/o tracks fromfrom rock mineral

Quartz ................. 31.00 146 3.20 100 5.85 x10-5

Quartz ............... .. 22 0.50 15 0.88 x10-5

Inclusions ............ .. 124 2.70 85 ..
Elpidite inclusions ..... 4 2,088 45.90 100 8.5 x10-2

Amphibole .............. 22 1,006 22.10 100 7.6 x 10-3

Amphibole ........... .. 20 0.40 2.0 0.15 x 10-3

Inclusions ............ .. 167 3.70 16.4 ..
Cracks ............... .. 3 0.06 0.3 ..
Alteration ............ .. 816 17.90 81.3 ..

Feldspar ............... 43 238 5.2 100.0 9.0 x10-4

Feldspar ............. .. 9 0.2 7.6 0.34 x10-4

Inclusions ............ .. 220 4.8 92.4 ..
Cracks ............... .. 9 0.2 7.6 ..

l ntercrystal ............. . , 248 5.4 100 ..
AlteratIOn .............. .. 830 18.2 100 ..

Total alpha particle radioactivity: 1,920 alphajcm2•

Table 18. Fine grained chilled granite. G.G.U. No. 33244.

"/o ofalpha "Ioofalpha

Mineral Mode Total no. particles particles alphas/cm2./sec.Vol. "Io tracks fromfrom rock mineral

Quartz ................. 44 942 9.91 100.0 13.73 x10-4

Quartz ............... .. 8 0.08 0.9 0.12 x10-4

Inclusions ............ .. 34 0.36 3.6 ..
Elpidite inclusions ..... .. 900 9.47 95.5 ' ..

Feldspar ............... 40 95 1.00 100.0 1.49 x 10-4

Feldspar ............. .. 20 0.20 21.0 0.31 x 10-4

Inclusions ............ .. 67 0.72 70.6 ..
Cracks ............... .. 8 0.08 8.4 ..

Amphibole .............. 10 243 2.47 100.0 15.6 x10-4

Brown alteration . ........ 3 840\ 85.40 100.0 17.74x 10-2

8110
Elpidite ................ .. 7,270J .. .. ..
Astrophyllite ............ 3 116 1.22 100.0 24.87 x10-4

Total alpha particle radioactivity: 1,920 alphajcm2•

162 6
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data (HAMILTON, 1960a). The analyses of the Ilimaussaq specimens gave
the folIowing results: -

G.G.U. No. Rock Type a/b

33243 Medium-grained chilled granite 26.5
33244 Fine-grained chilled granite 4.8
33240 Normal granite 9.1
33239 Normal granite 11.3
33194 Quartz syenite 3.8
33242 Augite syenite l) 7.1
33409 Augite syenite 2) 11.1

l) Augite syenite from the lower facies of the upper augite syenite.
2) Augite syenite taken adjacent to the naujaite.

In the majority of previously described rocks (granites, basalts) the
ratio a/b is approximately 1-3, values > 3 are represented by the late
stage magmatic granophyres and granites. The ratio indicates the
maximum amount of uranium and thorium present within the crystal
lattice of the major minerals of a particular magma series.

Recently the distribution of uranium, thorium and radioactivity in
igneous rocks has been described by KRYLOV (1958), KRYLOV and
ATRASHENOK (1959), SMYSLOV (1958) and WHITFIELD et al. (1959).
Although none of these authors deal with the syenites exclusively,
LARSEN (1960) has described the distribution of uranium and thorium
in the undersaturated alkali-rich basalts of Honolulu, and in some of
the alkaline rocks from Bear Paw Mountains. The uranium and thorium
contents of only a few selected intrusions have been studied in moderate
detail by LARSEN. WHITFIELD et al. (1959) and ROGERS and RAGLAND
(1961) have attempted to compare the uranium- thorium- and potassium
content, the Th/U and feldspar/plagioclase ratios the colour index, and
the quartz content of a varied collection of granites and gneisses. In many
of the graphical distribution diagrams, straight lines and curves have been
related to a large scatter of the individual points. It is difficult, if not
impossible, to obtain fundamental data relating to the geochemistry of
uranium and thorium by comparing the uranium and thorium content of
such different and unrelated sequences of rocks. This applies in particular
to the granites of magmatic origin and in the case of metamorphic rocks
we are immediately confronted with the problem of sampling. In
magmatic environments we can regard the distribution of a particular
element as homogeneously distributed throughout the original magma.
However, the distribution and total amount of a particular element in a
magma at a certain time or phase in its development may depend upon
many factors related to its previous history. In the ideal case the original
homogeneous distribution of a particular element is then modified by
crystallisation, fractionation, the migration and diffusion of elements
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Table 19. Distribution of uranium in the Lovozero intrusion.
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I ntrusive phase Rock types
Average uranium

content ppm.

First intrusive phase
(Volume "/o rock 1"/o)

Second intrusive phase
(Volume "/o rock 75"/0)

Third intrusive phase
(Volume "/o rock 24"/0)

Fourth intrusive phase

Equigranular nepheline
syenites

Porphyritic nepheline
syenites

Poikilitic nepheline
syenites

Lujavrites
Urtites
Ijolites
Foyaites

Lujavrites containing
eudialyte, lovozerite,
and loparite

Poikilitic sodalite syenite

Monchiquite

Average uranium content
of the Lovozero massif

(SAPRYKINA, 1959)

)

)

9.9

15.3

19.7

2.8

16.0

under partial control of volatiles, alkalies, and structural features devel
uped within the solidifying magma and during the final hydrothermal
phases. In the case of uranium, any initial homogeneity ean be expected
to disappear from the original magma by the time it has solidified. In the
case of the metamorphic rocks there is the problem of the original distri
bution of uranium and thorium in the unmetamorphosed sequence upon
which is superimposed the rearrangement of the elements during the
metamorphic period. The metamorphic event can be regarded as an
external stimulus applied to the pre-existing rocks, whereas in the case
of the true magmatic rocks the final distribution of the elements has been
at least partly controlled by internal stimuli. In metamorphic rocks the
eflect of migration of selected elements can in many instances be seen in
the form of basic fronts and such features as alkali metasomatism. In
other cases various elements migrate from one area to another, but the
rocks commonly show no features from which the amount of migration
ean be judged. In the case where the metamorphic rocks actually becomes
remobilised there is a link to the true magmatic rocks.

The distribution of uranium in the Lovozero alkaline massif has been
described by SAPRYKINA (1959) and the uranium content of the various
intrusive phases is given in Table 19. The uranium content of the Ilimaus
saq lujavrites are very variable compared to those of the Lovozero massif.

6*



THE DISTRIBUTION OF POTASSIUM

AND RUBIDIUM AND KjRb RATIOS IN THE

ILIMAUSSAQ INTRUSION

The association of potassium and rubidium and their abundance in
igneous rocks and meteorites has been described by AHRENS et al. (1952).
From this work it was shawn that the ratio KjRb remains virtually
unchanged when proceeding from rock type to rock type. Although this
paper does not contain any data on syenites, the low KjRb ratio found in
rocks and minerals crystallising from small volume residual magmas is
discussed. The enrichment of rubidium in relation to potassium in rocks
that have crystallised from a highly differentiated magma is described by
TAYLOR (1956). Rubidium enrichment in same post-orogenic granites
and potash feldspars from the east af the Oslo fjord is also described by
TAYLOR (1958).

The preferential enrichment of rubidium relative to potassium has
been abserved in the analysed total rock specimens from the Ilimaussaq
intrusion together with an increase in rubidium in the latter differentiates.
The maximum enrichment in rubidium is found in the late stage lujav
rites. Of all the Ilimaussaq rocks those af the augite syenite suite appear
to have a normal KjRb ratio with a possibIe tendency to slight enrich
ment of potassium over rubidium. The total potassium contents and
KjRb ratios of the Ilimaussaq rocks are given in Table 20 and are
compared to the distribution af Li, Cs, Ba, Sr, La, and Zr. The latter
elements have been determined by spectrochemical analyses using GI
as a standard.

The increased rubidium enrichment in some af the minerals from the
agpaites and the granites is quite outstanding. A semi-quantitative
spectrographic analyses of astrophyllite from a specimen of arfvedsonite
lujavrite was kindly carried out by Dr. S. R. NOCKOLDS and gave the
following results: -

Rb 4,500, Li, 250 Ba 3000, Sr 200, Ga 45, Sn 250, Zr 450, Co 30 ppm.

The tendency for a second cyclic build up af elements characteristic af
the early augite suite, such as Ba, Sr, and Co, appears to be a trend seen
in the lujavrites. An examination af same of the minerals from the agpaitic
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Table 20. The distribution of Potassium and Rubidium in the Ilimaussaq intrusiom.

ZrLaSrI "loK I p~:. I K/Rb I Lil I CS1 I Ba
G.G,U·I

No. Rock Type

Augite Syenites
33452 Chilled type .................................... . 4.57 1200 229 10 tr. 5,000 200 50 500
33645 Chilled type ..................................... 4.23 1185 229 50 O 1,000 300 O 300
16U Ussing's augite syenite ............................ 3.60 400 90 25 O 2,000 300 20 300
33320 Normal augite syenite ............................ 4.23 200 212 30 O 5,000 400 30 300
33316 Normal augite syenite ............................ 4.07 150 271 20 O 3,000 250 30 300
33242 Inner facies of upper augite syenite ................. 4.15 150 277 15 O 1,500 250 30 500
33448 luner facies augite syenite/naujaite ................. 4.51 1156 289 20 O 1"10 400 50 1,500
33173 Nordmarkitic facies ............................... 4.46 1155 283 25 O 1,500 250 30 200

Granites
33240 Normal green granite ............................ . 3.53 1394 90 25 tr. 100 30 300 2,000
33241 Normal blue granite .............................. 3.53 300 118 25 tr. 100 30 100 3,000
33239 Varieties of coarse granite ......................... 3.50 1350 100 50 tI. 80 30 1,000 >1"10
33250 Varieties of coarse granite ......................... 3.49 2523 87 80 tr. 50 210.6 1,000 1"10
33251 Varieties of coarse granite ......................... 2.99 400 75 100 tr. 150 100 1,500 I%
33252 Varieties of coarse granite ......................... 3.10 400 78 90 tI. 50 <30 500 1"10
lU Ussing's granite .................................. 3.10 500 62 50 4 80 <30 200 3,000
33243 Medium-grained chilled granite ..................... 3.10 1449 69 80 tr. 100 100 2,000 >1"10
33244 Fine-grained chilled granite ........................ 2.41 1385 63 80 4 100 100 2,500 >1%



Agpaites
6U USSING'S naujaite ............................... , 3.60 1320 113 20 1 20 O 150 2,500

7U USSING'S naujaite ................................ 1.25 200 63 5 O 50 <30 100 3,000
33158 Sodalite rich naujaite ............................. 0.83 155 54 15 O 200 100 800 >1%

5U USSING'S sodalite foyaite .......................... 2.12 400 53 20 2 30 100 100 2,000
4U USSING'S foyaite ................................. 3.86 1170 227 10 O 1,500 600 150 2,500

3U USSING'S pulaskite ................................ 2.54 400 64 25 2 30 30 100 2,000
33235 Variety of naujaite-sodalite foyaite ................. 3.15 200 156 10 <5 10 60 30 100
33238 Variety of naujaite-sodalite foyaite ................. 3.57 400 89 70 9 80 30 200 600
33237 Variety of naujaite-sodalite foyaite ................. 2.99 1250 120 O -tr. 30 30 300 >1%

33245 Foyaite in transition series A ...................... 2.99 1297 101 80 4 30 30 400 >1%

33246 Foyaite in transition series A ...................... 2.24 200 112 100 2 50 30 600 >1%

33247 Contact zone agpaites/augite syenite ................ 4.65 300 155 40 5 80 30 200 3,000
33248 Contact zone agpaites/augite syenite ................ 4.48 400 112 20 8 100 50 1,000 1%

33221 Contact zone agpaites/augite syenite ................ 4.01 2447 91 20 <5 50 218.9 500 5,000

33249 Quartz syenite (augite syenite & granite) ............ 4.57 400 114 80 tr. 200 60 30 1,800
11U USSING'S arfvedsonite lujavrite ..................... 2.02 1623 32 170 2 50

l
50 3,000 1%

9U USSING'S aegirine lujavrite o ••••••••••••••••••••••• 1.99 1500 40 50 2 I 150 100 2,500 >1%

Analysts: Rb, Li, Cs, Ea, Sr, La, Zr.
Semiquantitative spectropgaphic analysis by L SØRENSEN, Copenhagen.

lRb.
Quantitative spectrographic analysis by N. GARTON, Oxford.
K.
Flame photometric analysis by E. L HAMILTON, Copenhagen.

2Rb,2Sr.
Isotope dilution analysis by E. L HAMILTON, Oxford.
For data on USSING'S specimens see USSING, 1912.
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Table 21. Potassium and Rubidium Content of the Lovozero Massif.

Rock type

Rocks ot the first complex (miaskitic).
Nepheline syenites .
Nepheline syenites .
Nepheline syenites .
Nepheline syenites .

Rocks ol the second complex (agpaitic).
Ijolites-urtites .
Ijolites-urtites .
Foyaites .
Foyaites .
Trachytoidal foyaite .
Leucocratic lujavrite .
Leucocratic lujavrite .
Leucocratic lujavrite .
Melanocratic lujavrite .
Melanocratic lujavrite .
Mesocratic lujavrite .
Amphibole lujavrite .
Lujavrite with loparite .
Urtite with loparite .
Urtite with apatite and loparite .
Malignite with.loparite .

Rocks ol the third complex (agpaitic).
Eudialyte lujavrite .
Eudialyte lujavrite .
Porphyritic juvite with loparite .
Porphyritic lovozerite with lujavrite .
Poprhyritic lovozerite lujavrite with lomo-

nosovite " .
Porphyritic lujavrite with murmanite .
Poikilitic sodalite syenite .
Poikilitic sodalite syenite .
Tavite .. " .

K.

4.3
4.0
2.9
3.6

3.0
3.7
5.7
5.1
3.6
3.8
5.3
4.3
3.7
4.2
4.8
3.9
3.9
2.5
0.83
4.3

4.0
4.0
4.0
3.7

3.8
4.2
2.8
3.2
1.2

Rb.

128
101
101
128

201
265
367
338

87
182
261
261
229
265
329
146
238
110
128
277

320
411
265
366

320
375

83
82

411

KjRb.

336.0
396.0
288.4
229.3

148.3
137.3
149.3
150.7
429.5
208.5
146.4
164.5
159.6
156.3
146.0
259.5
164.0
226.6
647.6
158.6

125.6
97.7

150.0
110.9

119.2
112.8
338.8
383.8
282.0

Original analyses see GERASIMOVSKII and LEBEDEV (1959).

rocks showed the following rubidium contents: feldspar 25-300 ppm,
sodalite 0-15 ppm, eudialyte 20-500 ppm, polylithionite > 1,000 ppm.

From this data it is concluded that in the Ilimaussaq Intrusion the
total rubidium content of the rocks increases in the sequence augite
syenite, granite to agpaites, with the maximum enrichment in the
lujavrites. In the same sequence of rocks the K/Rb ratio shows a normal
ratio in the augite syenites, but an enrichment of rubidium relative to
potassium in the granites and agpaites.
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The distribution of potassium and rubidium in the Lovozero alkaline
massif has been described by GERASIMOSKII and LEBEDEV (1959). In the
first intrusive phase of the intrusion rubidium stays constant, but is
depleted in the third stage. The average rubidium content of the intrusion
is 260 ppm. but the present distribution of rubidium has been afIected by
zeolitisation. In addition there is no relation between potassium and
rubidium, but rocks low in rubidium are also low in potassium. The
potassium and rubidium content of the Lovozero massif is given in
Table 21, and plots showing the KjRb ratio of the Ilimaussaq rocks and
those of Lovozero in Figs. 31 A and 31 B respectively.

From Table 21 it is evident that the maximum rubidium enrichment
relative to potassium occurs in the third intrusive stage. In stage two
there is an approximate corre1ation between an increase in potassium
with an increase in rubidium.

162 7



GEOCHEMISTRY OF BERYLLIUM AND NIOBIUM

IN THE ILIMAUSSAQ INTRUSION

Beryllium.

Various aspects of the geochemistry of beryllium have been described
by GOLDSCHMIDT (1954), BEDS (1956, 1955), RANKAMA and SAHAMA
(1950), and SANDELL (1952).

Mineralogy.

The main beryllium-bearing minerals of the Ilimaussaq Intrusion
are epididymite and leucophanite (USSING 1912). Beryllium enters also
into the structure of the feldspars and mafic minerals in varying amounts.
(Although beryl has not been identified with any certainty, a beryl-like
mineral has been found in the pegmatitic veins of granite cutting the
Gardar Formation). Other beryllium minerals such as helvite, danalite,
and genthelvite found in the Lovozero intrusion have not been identified
in Ilimaussaq although the chemistry of the rocks would indicate that
they are present, particularly the zinc-bearing genthelvite. Chkalovite
and beryllium sodalite have been found in late albite pegmatite (SØREN
SEN, 1960).

Analytical procedure.

In this work the finely crushed rock powder was dissolved in a
mixture of hydrofluoric and sulphuric acid and the hydroxides precipitated
with ammonia. The interference of calcium and zinc was removed by
using E.D.T.A. and 5% solution of potassium cyanide. The final end
determination of beryllium was made fluorimetrically with morin, using
the method of visual comparison against a narrow range of standards.

The ionic radius of beryllium is 1.13°A and that of the positive ion
0.34°A. Like aluminium, beryllium lies between a typical cation and the
complex forming elements. It does not exist in the magma as a simple
divalent ion but rather as complex ions (Be04)-G and substitution occurs
between this complex and those of silica (Si04)-4 and aluminium (Ah04)-4.
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Table 22. The beryllium content of the Ilimaussaq rocks,
and other syenites.
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Rock type

1) Augite syenite
Chilled augite syenite (G.G. U. No. 33452) .
Normal coarse-grained augite syenite (G.G.U. No. 33320) .
Augite syenite adjacent to the naujaite (G.G.U. No. 33316)
Augite syenite inclusion in the kakortokites (G.G.U. No.

33340) .
Mean average:

2) Granite
Fine-grained chilled granite (G.G.U. No. 33243) .
Medium-grained chilled granite (G.G.U. No. 33244) .
Normal coarse-grained granite (G.G.U. No. 33240) .
Elpidite-rich variety of granite (G.G.U. No. 33244A) .
Epididymite-rich variety of granite (G.G. U. No. 33251) .
Altered riebeckite-calcite granite (G.G.U. No. 33252) .

Mean average:

3) Agpaites
Naujaite (G.G.U. No. 33158) .
Sodalite foyaite (G.G.U. No. 33233) .
Foyaite (G.G.U. No. 33223) .
Reaction zone foyaite-augite syenite (G. G. U. No. 33221) ..
Arfvedsonite lujavrite (G.G. U. No. 33233) .

Mean average:

4)
Nordmarkite (G.G.U. No. 33526) .
Narssaq granite (G.G. U. No. 33524) .
Pantellerite dike (G.G.U. No. 33511) .

Analyst: E. L HAMILTON

I
Average I
ppm. Be.

0.1
3.0
2.0

5.0
2.5

30.0
40.0
24.0
40.0
65.0
60.0
43.0

23.0
37.0
25.0
40.0
35.0
30.0

7.0
15.0
20.0

Number at
analyses.

4
5
4

3

2
2

9
2
2
2

4
3
2
4
3

2
2
3

(continued).

Results.

The beryllium content of the Oslo essexites and larvikites is similar
to that of the augite syenite suite of Ilimaussaq, while the agpaitic
rocks compare favourably with the Oslo lardalites. The Ilimaussaq
granite has a higher beryllium content than the Oslo granites,
which is reflected by the greater abundance of beryllium-bearing
minerals.

The average beryllium content of the Ilimaussaq rocks based on a
total of 51 analyses is tabulated below.

7*
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Table 22. (cont.)

Avemge
ppm. Be.

x

Number ot
analyses.

GOLDSCHMlDT (1954)
Dunite .
Gabbro, basalts .
Gabbro aplite .
Granodiorite .
Granites .
Obsidianites .
Nepheline syenites (15 types) .

Oslo area
Essexite .
Larvikite .
Lardalite , ..
Foyaite " , .
Ditroite .
Nordmarkite .
Granitite .

BEDS (1958)
Biotite granite .
Two mica muscovite granite .
Average U.S.S.R. granites .
Acid extrusives .
Syenites .
Nepheline syenites (Mariupol) .
Nepheline syenites (Botogolski) .
Miaskites Ilmen .
Vishnerogorski .
Nepheline syenites Khibina .
Nepheline syenites Lovozero .

nd.
2.0
4.0
2-4
2-20
4-40
2-220

2.0
4.0

40.0
12.0
24.0

4.0
12.0

4.0
9.0
5.0
6.0
7.0
6.0
4.0
7.0
4.0
6.0

12.0

Range, ppm.
2-13
2-17
2-23
3-20
3-14
4-8
3-10
3-10
2-5
5-8
4-24

Rock Type

1) Augite syenite
2) Granite
3) Agpaites

Average Beryllium content ppm.

2.5
43.0
30.0

The detailed data of the Ilimaussaq rocks and analyses by GOLD SCHMIDT
(1954) and BEUS (1956) are given in Table 22.

Although no mineral analyses have been made on the Ilimaussaq
rocks, GOLDSCHMIDT (1954) gave avalue of 24 ppm. Be for an arfved
sonite from Kangerdluarssuk fjord. For the Oslo rocks he obtained the
folIowing results: - nepheline 120-240 ppm., soda-microline 12 ppm,
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Table 23 A. The niobium content of the Ilimaussaq rocks.
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Rocle type

1) Augite syenite
Chilled augite syenite (G.G.U. No. 33452) .
Coarse augite syenite (G.G.U. No. 33201) .
Nordrnarkite facies (G.G. U. No. 33173) .

2) N ordmarleite N arssaq

Contact of nordrnarkite to essexite (G.G.U. No. 33501)
Nordrnarkite chilled facies (G.G. U. No. 33502) .
Red nordrnarkite (G.G. U. No. 33503) .
Black dike cutting nordrnarkite (G.G.U. No. 33504) .
Syenite dike cutting nordrnarkite (G.G.U. No. 33506) .
Chilled pantellerite dike(G.G. U. No. 33511) .
Centre of pantellerite dike (G.G.U. No. 33511) .

3) Narssaq granite (G.G.U. No. 33505) .

4) Pyroxenite, Narssaq (G.G.U. No. 33499) .

5) Ilimaussaq granites
Typical green granite (G.G. U. No. 33240) .
Typical blue granite (G.G.U. No. 33241) .
Elpidite-rich granite (G.G.U. No. 33244 F) .
Medium-grained chilled granite (G.G. U. No. 33244) .
Fine-grained chilled granite (G.G. U. No. 33243) .

6) Ilimaussaq guartz syenite .
Mineralised quartz syenite breccia (G.G.U. No. 33193) .

7) Agpaites
Naujaite (G.G.U. No. 33158) .
Sodalite foyaite (G.G.U. No. 33233) .
Foyaite (G.G.U. No. 33223) .
Contact foyaite to augite syenite (G.G. U. No. 33222) .
Foyaite replacing augite syenite (G.G.U. No. 33226) .
Contact lower granite to altered augite syenite (G.G.U. No.

33662) .
Lujavrite, uranium-rich type (G.G.U. No. 33232) .
Arfvedsonite lujavrite (G.G.U. No. 33233) .

8) Minerals
Sodalite (G.G.U. No. 33158) .
Eudialyte (G.G.U. No. 33158) .

Analyses by E. L HAMILTON.

Average nio
bium content

ppm. Nb.

6
18
8

46
39
14

8
7

50
20

25

50

447
487
837

1040
1110

156
1030

880
1115
1076
595
565

593
1400

555

75
1342

No. at
analyses

8
6
8

2
4
2
2
2

2
2

2

4

6
6
5
6
6

6
2

4
8
4
4
4

4
7
3

6
8
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Table 23 B.
Niobium content of rocks from the Lovozero massif.

GERASIMOVSKll et al. (1959).

x

Intrusive Phase

First intrusive phase
(Volume % rock, 1"/0)

Second intrusive phase
(Volume % rock, 75%)

Third intrusive phase
(Volume % rock, 24"/0)

Fourth intrusive phase

Average niobium content

I Rock Type

Nepheline syenite
Porphyritic nepheline syenites
Poikilitic nepheline syenites

Urtite
Ljolite urtites
Foyaites

1ujavrite, leucocratic
mesocratic
amphibolitic
+ loparite
+ eudialyte

Lujavrite + eudialyte
Porphyritic lujavrite
Porphyritic lujavrite

+ murmanite
Porphyritic lujavrite

+ lovozerite
Poikilitic sodalite syenite
Tavite

Monchiquite
of Lovozero massif.

Average Niobium
content. ppm.

3171

360, 370, 330.
280, 161, 225.

420.
365, 474, 90.
459, 296, 565.
360,430.
720.
660.
520, 625, 395.
1,270, 1,200.
1,113.

918, 497.
338.

965.

1,600.
590, 365, 350.
400.

1,100, 985.
700.

1 Where original analyses were deterrnined by wet chemical methods and X-ray spectro
graphy the results have been averaged.

Average niobium content of igneous rocks, RANKAl\IA (1948).

Rock Type Average Nb205

Monomineralic rocks. . . . . . . . . . . . 0.4
Ultrabasics . . . . . . . . . . . . . . . . . . . . 23.0
Eclogites. . . . . . . . . . . . . . . . . . . . . . 5.0
Gabbros 27.0
Diorites . . . . . . . . . . . . . . . . . . . . . . . 5.2
Granites . . . . . . . . . . . . . . . . . . . . . . 30.0
Syenites 50.0
Nepheline syenites 450.0
Basic alkaline rocks 20.0
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aegirine 400 ppm, barkevikite 220 ppm, lepidomelane 24 ppm. (Be); and
for a nepheline from the Khibina intrusion 40 ppm Be.

Niobium.

Gur present day knowledge of the distribution of niobium in various
types of rock is based mainly on the detailed work of RANKAMA (1948).
More recently quantitative data for alkaline rocks has been presented by
GOLDSCHMIDT (1954), ESKOVA (1959), PAVLENKOV (1958) and GERASI
MOVSKII et al. (1959). The close similarity between niobium and tantalum
is reflected in thier geochemical distribution. In both elements the atomic
radius (in 12 co-ordination) is 2.94°A and the ionic radius for niobium
0.69°A (Nb+5) and for tantalum 0.68°A (Ta+5). Apart from the niobium
tantalum association there is a strong similarity between niobium and
titanium (TiH), and zirconium (Zr+4 ). Like beryllium, niobium does not
exist in a magma as free positive ions but rather as the central atom of a
complex anion. The effect of the complex formation is seen in many
intrusion in which niobium has concentrated in the residual liquids and
has not substituted for titanium in the early crystallisation of the iron
ores. Although niobium and tantalum are almost identical in their
geochemical behaviour, tantalum shows a preferential concentration in
normal granites, while niobium concentrates in the residual liquids of
syenites and nepheline syenites.

Mineralogy.

In the Ilimaussaq Intrusion the dominant niobium minerals are
pyrochlore, microlite, epistolite and eueolite. Apart from the major
niobium minerals, niobium is also present as a minor constituent in the
many complex sodium, titanium, iron, rare-earth and zirconium minerals.

Table 23A presents the niobium content of the Ilimaussaq rocks.
Table 23B shows the niobium content of the rocks forming the Lovozero
alkaline massif and the average niobium content of igneous rocks.

Analytical Procedure.

The niobium was determined by a slightly modified form of the
procedure given by W ARD and MARRANZINO (1955). In the original
method the technique of solution of the rock powder was suited to the
fairly rapid determination of niobium in rocks in the fieId. In the present
method 300 mg of finely ground sample was treated with a mixture of
sulphuric and hydrofluoric acids and evaporated to dryness; this was
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separated and the final residue fused with 300 mgs of fused and powdered
sodium bisulphate. The fused cake was dissolved in tartaric acid and the
clear solution extracted with a mixture of ammonium thiocyanate and
ethyl ether. The extraction of iron was reduced by the addition of
stannous chloride. The addition of acetone to the ether extract inhibits
the polymerisation of the thiocyanate and stabilises the colour for at
least 20 hours. The niobium content of the samples was determined by
means of a Beckmann spectrophotometer measuring at 385 mu. with
reference to a previously prepared standard curve.

Results.

In the augite syenite suite niobium is relatively enriched in the
coarse-grained facies; this increase is paralleled by the increase in sodium
and zirconium. The nordmarkitic facies of the augite syenite show a
slight enrichment in niobium. The niobium content of the Narssaq
granite falls between that of the chilled augite syenite and the nord
markitic facies of the augite syenite. The normal soda granite contains an
average of 467 ppm. Nb. In the chilled facies of the granite there is a
two-fold increase of niobium associated with the enrichment in beryllium,
lithium, rare earths, uranium and thorium. The agpaites show a charac
teristic high niobium content as may be expected from the widespread
occurrenee of niobium-rich accessory minerals. At the contact of agpaites
to augite syenite (USSING'S pulaskite), these soda-rich rocks show a high
niobium content relative to the coarse-grained augite syenite. At this
horizon pyrochlore is not present and the niobium is associated with the
localised areas of eudialyte, and a white, altered, sodium-niobium
silicate that has not been identified. Only two analyses are given of the
lujavrites and ean only be regarded as indicating the approximate niobium
content of these variable rocks.



ADDITIONAL NOTES ON THE DISTRIBUTION

OF SOME ELEMENTS

Lithium.

The independant determination of lithium in some selected rocks
was done by spectrographic analyses using G1 as an external standard.
The results given below indicate a maximum enrichment in the granites,
sodalite foyaite and lujavrite.

Average
ppm Li.

60
65
40
90

100
90
90

110
50
80

(Anal. N. GARTON, Oxford)

Rock Type

Chilled augite syenite
lnner facies of augite syenite
Nordmarkitic facies of augite syenite
Normal granite
Medium-grained chilled granite
Fine-grained chilled granite
Pulaskite-foyaite contact rock
Sodalite foyaite
Sodalite naujaite
Arfvedsonite lujavrite

G.G.U.
Rock No.

33452
33374
33173
33240
33244
33243
33222
33223
33174
33243

Gallium.

The gallium contents have been determined by quantitative spectro
graphic analyses and the results are compiled from at least four deter
minations of each rock type.

So

Rock Type

Augite syenite
Granite
Chilled granite
Naujaite
Sodalite foyaite

Average
ppm Ga.

30
10
50
10

< 10
(Anal. I. SØRENSEN, Copenhagen)
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Tin.

x

No tin minerals have been identified and with a limit of detection
by spectrographic analyses of 10 ppm this element has not been found
in the main rock types. The only tin found in total rock analyses is from
sodalite foyaite-naujaite breccia associated with the later intrusion of
quartz syenite where a tin content of 200-300 ppm has been noted. This
zone is associated with massive purpIe fluorite and actual tin-enriched
minerals may be expected in this area. Preliminary analyses of some of
the separated minerals from the intrusion contain tin, in particular the
feldspar from the augite syenite (100 ppm Sn, anal. NOCKOLDS), the
eudialyte (200-300 ppm Sn., anal. SØRENSEN) and the steenstrupine
100 ppm Sn., anal. SØRENSEN) from the agpaites.



CONCLUSIONS

Conc1usions regarding the petro-chemical development of the l1i
maussaq Intrusion cannot be made until the rest of the intrusion has been
re-examined. At this stage, however, it is possibIe to outline the main
sequence of events that occurred in the northern part of the intrusion.

1) The first phase in the intrusive sequence of Ilimaussaq is marked
by the emplacement of the augite syenite suite of rocks. The augite syenite
has an outer chilled facies and passes inwards to coarse-grained rocks.
The outer facies are poor in nepheline while the amount of nepheline
increases in the inner coarse-grained rocks. The inner facies are represented
by a foyaite.

2) The second phase of intrusion resulted in the emplacement of the
naujaite, sodaIite foyaite, and lujavrites. The lujavrite is essentially
crystallised from a residualliquid derived from the naujaite sequence.

3) The third phase of intrusion is probably marked by the intrusion
of quartz syenite and soda granite. The quartz syenite was intruded after
the previous agpaitic sequence, but its relation in time to the granite is
uncertain. The granite has a pronounced upper chilled zone.

4) The hybrid zone from naujaite to granite as implied by USSING

does not exist, and USSING'S pulaskite probably represents a contaminated
facies of the augite syenite developed beneath the upper augite syenite
which forms a roof continuation of the marginal augite syenite sequence.

5) The author would agree with USSING in that the alkaline rocks of
l1imaussaq were derived from two magmas ; one the augite syenite
magma giving rise to the basic outer facies and the inner more under
saturated differentiates, and the other a magma giving rise to the agpaites.
The former magma may represent an earlier differentiate of the latter.
The sequence augite syenite (which is covered by many names such as
pulaskite, umptekite, or simply syenite) and foyaite was followed by the
intrusion, without any appreciable time interval, of the agpaites and
granites. This is a fairly common sequence seen in alkaline intrusions
throughout the world. In some cases the syenites are genetically related
to more basic rocks such as the essexites or gabbros and it is possibIe to
trace the development of a potential alkaline magma within a small area.



100 E. L HAMILTON. x

In the Ilimaussaq Intrusion it would appear that the volatiles have been
retained by the magma during its development and have not been lost.

6) The folIowing sequence of events is suggested for the emplacement
of the Ilimaussaq intrusion -

a) The intrusion of an augite syenite magma contemporaneous with
block faulting and cauldron subsidence.

b) As the central block sank a magma chamber was gradually formed
into which the volatile-rich agpaites were intruded. Reaction with
the augite syenite gave rise to the hybrid pulaskite. Crystallisation
of the agpaites gave rise to the partially layered naujaites.
Although it is improbable that a rock representative of the
original undersaturated magma now exists, the sodalite foyaite
may be regarded as approaching the original composition.

c) The direction of cooling of the agpaites was inwards resulting in
the formation of a pocket of residualliquid, the lujavrites.

d) The lujavrites differentiated at lower levels to form the layered
kakortokites.

f) As the confining pressure of the "lujavrite pocket" was exceeded
the magma explosively brecciated the surrounding naujaite.
Contemporaneous with brecciation there was a general slumping
which gave southerly dip to the banding in the naujaite.

g) The next event was the intrusion of a hybrid magma from which
the quartz syenites crystallised.

h) A sheet of soda granite was intruded next.



APPENDIX

Silicate Analyses.

The silicate analyses carried out by the author were made by
methods of rapid silicate analyses described by SHAPIRO and BRANNocK
(1956) and RILEY (1958), except for the determination of aluminium.

In this paper each analysis was carried out using two standards.
One was prepared from pure chemicals, the other involved the use of a
rock of known and similar composition to the unknown sample. The
artificial standard was used to check the separation and method.
Calculations as to the amount of an element present were made by
comparison to the standard rock. In addition, standard rocks were
checked against the artificial standards.

Aluminium.

A large number of the rocks examined contain one per cent or more
of zirconium, and other elements, that lead to errors in the final
colourimetric determination by use of alizarin red-S.

Aluminium was determined withgood reproducability by a volume
tric method, described by H. L. WATTS, 1958. In a highly basic solution,
aluminium forms soluble aluminate, and iron and titanium precipitate as
hydroxides. When aluminium reacts with fiuoride, the hydroxide which
combines with the aluminium can be released by titration with standard
acid. The titration can be preformed in the presence of the precipitated
hydroxides. Interference from calcium can be eliminated by precipitating
it as the oxalate. By limiting the sample size, aluminium can be deter
mined in the presence of silicon dioxide. The method is fast, precise, and
accurate. If large amounts of zirconium are present a correction factor
can be determined. In practice this was not necessary. Although the deter
mination of aluminium can be carried out in the presence of silicon
dioxide, the silica was removed by decomposing 200 mg of rock in a
mixture of hydrofiuoric and nitric acids.
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