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The Kaerven Syenite Complex is recognized as the earliest intrusive body in the Kangerdlugssuaq region
associated with the opening of the proto-Atlantic Ocean in the Lower Tertiary.

Earlier investigations of the geology of the Kjerven Syenite Complex have interpreted the intrusion as a
single igneous body, emplaced subsequent to the Kaerven Gabbro and in turn cut by the Kangerdlugssuaq
intrusion. Preliminary sampling on Kaerven in 1977 revealed a relatively large range of rock types in the
complex (syenite - alkali feldspar syenite - alkali feldspar granite). The field work conducted in 1986 has
verified these findings and enabled the distinction of 8 intrusive events within the complex. Further, a
preliminary geological map has been produced.

An igneous breccia separates the complex from the earlier Kaerven Gabbro along parts of the eastern
and southern margins. The central part of the Karven Syenite Complex include an hitherto unrecognized
slice of Precambrian basement gneisses with numerous approximately N-S trending basaltic dykes. This is
multiply intruded by syenite. Most notably in the eastern part of the complex, intimate associations of
brecciated and remobilized basement gneiss and melts of syenitic through monzonitic to tonalitic composi-
tions are found. The form of the intrusive bodies are more or less dyke-shaped and N-S trending. There is
a general stratigraphic younging to the SW, which is matched by the later adjacent Kangerdlugssuaq
intrusion.

The intrusive sequence and trend of the intrusions are thought to be closely related to an extentional
tectonic regime present in this part of the fjord for a considerable period onwards from the earliest
Tertiary magmatic activity in the area.

Paul Martin Holm and Eva Degn Egeberg, Institute for Petrology, University of Copenhagen, 0ster
Voldgade 10, DK-1350, Denmark. Niels-Ole Preegel, Uriiversitetsbiblioteket, University of Copenhagen,
N0rre Alle 49, DK-2200, Denmark, January 16th, 1990.

Introduction

The Kserven Syenite Complex (KSC) is an early
Tertiary intrusion belonging to the East Green-
land Tertiary Province (e.g. Deer, 1976). Tholei-
itic flood basalts and dykes are by far the most
voluminous rock-types in the province, but in
certain regions, e.g. around the Kangerdlugssuaq
fjord, a large number of felsic intrusions dom-
inate. The KSC with a ̂ Ar/^Ar age of ca. 58 Ma
(Holm, in prep.) is the hitherto oldest dated body
and is apparently the first member in a series of
felsic intrusions, culminating with the emplace-
ment of the approximately 400 km2 large Kanger-
dlugssuaq intrusion. Other syenitic to granitic
rocks in the Kangerdlugssuaq Fjord area occur in
a number of other satellite intrusions to the Kan-
gerdlugssuaq intrusion (Deer and Kempe, 1976)
and intrusions along the fjord: Kap Boswell, Kap

Deichmann, Bagnassset and Krxmer 0 , (Nielsen,
1987).

In a plate-tectonic context, it has been sug-
gested that the Kangerdlugssuaq Fjord repre-
sents a failed arm established during the initial
break-up of the American-Eurasian plate
(Brooks, 1973). In this model the Kangerdlugs-
suaq area plays a key role in elucidating the phe-
nomenons associated with the transition from
continental to oceanic magmatism and may, in
addition, hold information on the early manifes-
tations of the active Icelandic mantle jet, (Brooks
and Nielsen 1982; Holm, 1988). The KSC is an
elongated (app, 3X1 km2) intrusion located near
the western shore of the Kangerdlugssuaq fjord,
close to the point where the fjord has developed a
prominent bend (fig. 1). The KSC is situated on
the NE perimeter of the younger Kangerdlugs-
suaq intrusion which partly removed the western
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Fig. 1. Geological map of the Eastern part of the Kangerdlugssuaq intmsion and the adjacent area in the middle reaches of the 
Kangerdlugssuaq fjord. 
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Pig. 3. lncliued aerid photo @riiisb Aretic Air-roui W t i o n ,  1932, Wnh tbe w-y d tbe D& Oeodetic Irstitute) of Krerven 
tooking North with Nordre Spitgtetscbm In thc forepund.  Main units of tbo oomplex are marked m the phom. 

portions of tbe KSC. AIong part of the eastern 
outer margin, the KSC is separated fm Ebe 
Archaean basement by a 2NWd m wide layered 
gabbro iritnisbn, the Kærven gabbro [Ojha, 
1966). An intrusion bre& at the margin of the 
gabbro is locally developed in basement later re- 
worked by the magmas of the KSC tbus fwming a 
second generation af igneous breccia. The north- 
ern part of the outer KSC margin is in contact 
with basement gneisges. 

Mapping of the felsic units of the KEerven Syenite 
Camplex (KSC) IargeIy depended on the remg- 
nition in the ficld of different rock types and 
textural evidence for cooling. This proved difi- 
cult and in most cases required very short range 
inspection of the outcrops. Due to broad weath- 
ering wnes,  blasting proved a valuable additional 
means to the hammer. Eight major units could be 
distinguished in the complex. They are here 

narned units 1 through 8, aad all form inmive 
elmgate bodies trendig N-S to NW-SE (fig. 2). 
The sutxession has a general yaunghg from NE 
towards WSW. The rock type$ span momoaites, 
syenites, qua* syenites, alkali feldspar quartz 
syenites and aikali feldspar ganites in the IUGS 
systern (Streckeisen, 1976). The contacts are 
mainIy subvertieal. An impression o£ the complex 
is presented in fig. 3. 

Approximately half tbe exposed area in the 
mapped part af tha KSC wnsists of a egment of 
late Archaean basement which to a variable de- 
grea bas been reworked by a e  intrusi~ns. It out- 
cmps an tbree sides of the eastern Kærven peak 
1134 m (Il& 2). ALong tbe wntact to the ihmen 
gabbro the basement is veined and bPecciated to 
house sized Mocks by moumnitic iiquidc. In the 
center vailey of Kmven the gnaisses are bdter 
preserved and less breociated, but in the southem 
part of the outcrop they are densely intmded by 
b d c  dykes and other d o t  d c  and ultramafic 
intrusions. The basement is mainiy tonahtic high 
grade rocks with some amphihlites. 
Field investigations of the Kangerdlugssuaq in- 
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Tab. 1. Representative analyses of the units of the KSC. 

1 

SiO, wt% 65.55 
TiO? 0.48 
A1203 16.14 
Fezol 1.92 
F e 0  2.43 
MnO 0.14 
Mg0  0.72 
CaO 1.97 
Na,O 5.51 
K20 3.63 
p205 0.26 
L.0.i. 0.51 

Intrusive Units af the Krerven Syenite Complex. 
3 5 6 7 

sum 99.26 98.78 99.76 100.23 99.03 99.57 99.60 

trusion in the area N of Nordre Syenitgletscher 
revealed no obvious variation in the quartz con- 
tent of the nordmarkites in this part of the in- 
trusion, thus contrasting to the results of previous 
workers (e.g. Kempe et al., 1970). Moreover, a 
gradational transition from nordmarkite to tran- 
sitional pulaskite, two of the main units of the 
Kangerdlugssuaq intrusion, could not be con- 
firmed. Although the contact is not exposed at 
the two investigated transition localities, strongly 
contrasting rock-types outcrop only a few meters 
apart both on the north side of Nordre Syenit- 
gletscher and on a nunatak south of Kzlve- 
gletscher. Moreover, the nordmarkite body to 
the W of KSC is petrographically extremely ho- 

mogenous and does not display any sign of grada- 
tion. It is thus inferred from this evidence that the 
nordmarkites W of the KSC constitute an inde- 
pendent intrusion of rather homogenous compo- 
sition emplaced after unit 8 of the KSC. Previ- 
ously no evidence for the multiplicity of the Kan- 
gerdlugssuaq intrusion has been presented. 
However, Brooks and Gill (1982) pointed out 
that the mineral chemistry of the mafic minerals 
of the Kangerdlugssuaq intrusion showed var- 
iation not fully explained by a crystal fraction- 
ation evolutionary model. Also Nielsen (1987) 
cited personal communication with C. K. 
Brooks, who had observed an intrusive sheet of 
pulaskite in the nordmarkites by Amdrup Fjord. 

The intrusive units 

Some characteristic features of the units of the 
KSC are outlined below in chronological order 
according to the mapped sequence of intrusion. 
Major element analyses of samples from the indi- 

PULnUI\I I L" 

vidual units are presented in Table 1 and illus- 1 , -UNlT8 trated in the Harker diagram, fig. 4. 
NORDMARKITES 

Si02 Unit l (monzonitic) 
Fig. 4. Harker variation diagram for CaO showing the composi- . 

tion ofrepresentative sampies (Table 1) of the units of the KSC. The earliest Tertiary felsic magma intmded and 
Also s h a h  for comparison isanalyses from the Kangerdlugs- brecciated both the basement immediately W of 
suaq intrusion (ruled areas) - N  is nordmarkite basement melts 
(open circles) and variation af the KSC from Holm and Prregel the gabbro, basic in the basementy which 
(1988). ' 

u 

partly originated from the gabbro, and the gab- 
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bro-breccia zone adjacent to the gabbro. The 
basement was brittle at the time of monzonite 
intrusion possibly indicating that the monzonite 
was not emplaced immediately subsequent to the 
gabbro intrusion. The main part of this rock type 
occurs as a NW-SE trending 100 m wide central 
zone in the basement SE and E of peak 1134 m, 
and grades into the surrounding basement as the 
matrix to rounded and angular mega blocks of 
gneiss and angular rafts of basic dykes, which 
were detached from their basement hosts dunng 
brecciation. 

The monzonite is a medium-grained white or 
yellowish and black spotted rock. In hand speci- 
men feldspar, quartz and biotite are seen. The 
characteristic and distinguishing feature of the 
monzonite is the large amount of modal plagio- 
clase (2045%). The composition has not yet 
been acquired but analytical results from the 
complex have recently been published (Holm and 
Prægel, 1988). Alkali feldspar forms a major part 
in some samples (25-50%) while being absent in 
others. Thus the rock type range from tonalite 
over monzonite to quartz syenite. Compared to 
the syenites, the monzonites have higher modal 
amount of mafic minerals (7-10% amphibole, 
1-5% clinopyroxene and 1-5% biotite). Olivine 
is not found in this unit. The accessory phases 
include sphene. 

Unit 2 (quartz syenite) 

This syenite only outcrops at the southern tip of 
the complex just N of Nordre Syenitgletscher. It 
intrudes the basement segment to the N where an 
intrusion breccia is developed along the NE-SW 
running contact. Prominent in the breccia are 
rounded basaltic blocks which seem to have been 
liquid at the time of incorporation into the syen- 
itic magma but brecciated by the syenite during 
the emplacement. The syenite also cuts through 
the gabbro. The syenite was prior to the emplace- 
ment of unit 3 in contact with the basement seg- 
ment also to the E. The contact to the nord- 
markite of the Kangerdlugssuaq intrusion is a ca. 
20 cm wide zone of hybid rock rich in fine to 
medium grained mafic minerals, which does not 
allow the direct age relation between the two to 
be revealed. However, by inference of the age 
relationship of units 2 ,3  and 7 the unit 2 syenite is 
older than the nordmarkite. 

Unit 2 quartz syenite is a medium grained equi- 
granular reddish rock-type with ca. 80% euhedral 
perthite (1-5 mm), 5-10% anhedral quartz (1-2 
mm), late-stage green anhedral clinopyroxene 
(3-5%; 1-2 mm) and brownish anhedral amphi- 
bole (7-10%; up to 3 mm). Interstitial olivine a 
few tenth of a mm is occasionally seen. Accesso- 
ries include apatite and opaques. 

Unit 3 (quartz alkali feldspar syenite - alkali 
feldspar granite) 

This intrusion makes up the S face of the E 1134 
m peak of Kzerven and has the red-brown weath- 
ering colour associated with the general appear- 
ance of &men. This is due to the alteration of 
olivine. The intrusion is a dyke-like unit, 250-300 
m wide and trending from S to N, N-S, NW-SE 
and SW-NE. At the southern termination it nar- 
rows to a thin wedge which ends just N of Nordre 
Syenitgletscher, where it intrudes the earlier con- 
tact between units 1 and 2. More northerly it 
intrudes the central part of unit 1 and ca. 100 m S 
of peak 1134 the intrusion turns sharply (90") to 
the W. It is clearly intruded by the later syenite 
and granite units 4, 5 and 6, while the contact to 
unit 7 is covered by ice and snow in the central 
valley. The contact to unit 1 is not a chill and at 
places it is difficult to distinguish the two units 
but unit 3 is clearly emplaced into unit 1, even- 
though they may be nearly contemporanoeous. 

The syenite is equigranular and medium 
grained and with up to 10% small grey alkali 
feldspar phenocrysts. The rock is characterised 
by 3-5% small (0.1-1.5 mm) bright redbrown, 
semi-translucent, euhedral interstitial olivines. In 
thin section 50-80% euhedral microperthite (3-6 
mm) and 2 4 0 %  anhedral interstitial 1 mm 
quartz grains are seen. Plagioclase is only occa- 
sionally found as cores in the perthites. The dom- 
inant mafic phase (5-10%) is a late interstitial 
amphibole 0.5-1 mm large grains. A greenish, 
sometimes euhedral clinopyroxene preceeded 
amphibole in some samples. Biotite is present in 
some samples in accessory amounts together with 
zircon and apatite. The apparant general crystal- 
lization sequence is ol > cpx > amph and feld- 
spar > qz. 
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Unit 4 (alkali feldspar granite) 

The ridge of peak 1134 m and the upper 300 m of 
the north cliff face consist of a second red-brown 
weathering syenite only slightly darker than unit 
3. This dyke like intrusion is petrographically 
almost identical to unit 3. The NE contact to unit 
1 is not exposed, but a few outcrops of monzonite 
observed high in the cliff suggests the present cliff 
face to be following the original plane from which 
the less resistant monzonite was removed dunng 
the last glaciation. The Western contact to unit 1 
was seen only from the distance. 

This syenite unit is petrographically very dis- 
tinct and is composed of ca. 60% euhedral per- 
thite phenocrysts (up to 4 mm) in a matrix dom- 
inated by anhedral 0.1-0.5 mm quartz (40%) po- 
sitioned along perthite margins. Corroded mafic 
groundmass phases are olivine and possibly clino- 
pyroxene and amphibole. Opaques are acces- 
sory. 

Unit 5 (granite) 

At the present level of erosion only a few m thin 
NW-SE trending screan of this unit is exposed. In 
cross section it forms a wedge chilled against unit 
3 and cut by the subsequent unit 6. Unlike all the 
other dyke Iike vertical units this unit has an 
inclined contact of 45" to unit 3. Both contact 
planes of unit 5 strike NW-SE. 

The unit 5 granite is a white medium grained 
rock with rare clots of intermediate to mafic, 
feldspar phyric, fine grained, rounded inclusions. 
It is composed of up to 80% 2.4 mm microper- 
thite, around 15 vol% quartz, and ca. 1% plagio- 
clase. Quartz occurs both as discrete grains and in 
graphic intergrowth with alkali feldspar. Subordi- 
nate amounts of amphibole and green clinopy- 
roxene account for < 10 vol% of the granite. 

Unit 6 (alkali feldspar granite) 

This unit outcrops as a ca. 100 m wide dyke with 
horizontal columnar jointing. The dyke is vertical 
and can be divided into three parts striking N-S, 
NW-SE and SW-NE very similar to the style of 
intrusion of the larger unit 3. It is chilled against 
the syenites of unit 3. The geometry of units 3 , 5  

and 6, clearly suggests unit 6 to be the youngest 
eventhough the contacts do not clearly show the 
age relationships. 

The rock is light grey to white sometimes with 
a pinkish weathering colour. It has ca. 10% phe- 
nocrysts of white alkali feldspar up to 3 mm in 
size and sparse smaller of black amphibole. The 
colour index is ca. 10. The groundmas is granitic 
in composition. This rock-type has ca. 10% phe- 
nocrystic microperthite (3-3.5 mm) and smal1 
amounts of brownishlgreen amphibole (up to 2 
mm), green clinopyroxene (ca. 1 mm) and yel- 
lowish olivine (ca. 0.5 mm) phenocrysts. The 
groundmass consists of ca. 65% perthite (0.5-0.8 
mm), 20°/0 quartz (1.5-0.01 mm), amphibole, cli- 
nopyroxene and opaques. The groundmass 
quartz is anhedral and occurs mainly along feld- 
spar margins in recrystallized fashion or in 
graphic intergrowths with feldspar. 

Unit 7 (syenite). 

This unit constitute the W side of the valley be- 
tween the two main peaks of the Kærven massif. 
The steep cliff of the valley has its form due to the 
contrast in resistance to glacial ice between this 
syenite and the central basement segment, an 
analog to the contact for units 1 and 4. Also this 
syenite is olivine bearing and appear reddish- 
brown on weathered surfaces. Although the con- 
tact does not outcrop, this unit must postdate 
units 3 ,4  and 6 as these do not cut through unit 7 
on the W side of the ice and snow covered valley 
E of unit 7. The syenite is in turn cut by the 
nordmarkite of the Kangerdlugssuaq intrusion. 
The less regular margins of this unit may be 
caused by the high ambient temperature in the 
country rock during emplacement. 

Consists of ca. 75% euhedral perthite (2-4 
mm), 10% anhedral interstitial quartz and ca. 
15% anhedral amphibole (0.1-1 mm). Smal1 
amounts of biotite and plagioclase occurs in the. 
groundmass. Apatite and zircon are accessories. 
This rock unit includes some fine grained (0.5-1 
mm) domains of perthite, quartz and amphibole. 

Unit 8 (alkali feldspar granite) 

The relative age of this unit cannot be related to 
the other as it occurs as an inlier in the nord- 
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markite as far as mapping has presently pro- 
gressed. 

Also this unit carries the characteristic reddish 
colour of the main units of the KSC. Further it 
has smal1 cm sized basic to intermediate inclu- 
sions along the Western contact: It is an alkali 
feldspar granite with ca. 5% phenocrysts of grey 
3-6 mm alkali feldspar with white rims. Consists 
of 60% euhedral perthite (up to 4 mm), 35% 
subhedral quartz (1 mm), 4% brownish anhedral 
amphibole and 1% green clinopyroxene (anhe- 
dral, ca. 0.5 mm). Small corroded crystals are 
probably olivine. 

Conclusions 

Contrary to the earlier conception of the geology 
of the Kzrven Syenite Complex (Deer and 
Kempe, 1976), the present results of the 1986 
fieldwork is the first documentation that the com- 
plex is a multiple intrusion comprising 8 major 
salic rock units which can be distinguished on the 
basis of field occurrence and petrography. With 
regard to the Kangerdlugssuaq intrusion the basis 
for accepting this large body as one batch of 
magma was the unsuccessful search for contact 
between rock units in that intrusion and the re- 
ported gradational modal composition of the 
rock types (Kempe et al., 1970). The style of 
intrusion at Kærven of a number of dyke-formed 
bodies in a rather complex manner is therefore 
very much in contrast to that view on the genesis 
of the adjacent and later Kangerdlugssuaq in- 
trusion. The style is probably comparable to 
some of the central complexes in the Tertiary 
Hebridean Province (e.g. Thompson, 1980), al- 
though there is no clear indication that Kxrven is 
a central complex. 

It was unexpected to find relatively large areas 
of more or less reworked basement rocks in the 
KSC (fig. 2). The syenitic rocks therefore make 
up a much smaller part o£ the complex than previ- 
ously assumed. We estimate on an outcrop-basis 
that only approximately 50% af the KSC in the 
area presented here is occupied by syenite. A 
further result of the mapping is the recognition in 
the central basement segment at Kærven of rela- 
tively large amounts of basic material which tes- 
tify to an important early basic magmatic episode 
in the evolution of the area. 

It has been possible to establish a relative age 
sequence of the intrusive units comprising the 
KSC. The Kxrven Gabbro locally brecciate the 
basement rocks and this breccia is itself brec- 
ciated by the monzonite. The monzonite is fol- 
lowed by five syenite pulses which have contact 
relations to the monzonitehasement unit. The 
time sequence of these syenites can be elucidated 
by chills and other contact relations. The later 
unit 7 cuts units 3, 4 and 6, while unit 8 may be 
identical to unit 7 but separated from the latter by 
the intrusion of the nordmarkite of the Kanger- 
dlugssuaq intrusion. 

Eight new major element analyses of the 
mapped rock units of the KSC are presented. The 
composition of the analysed samples are within 
the range reported by Holm and Præge1 (1988) 
for KSC. The improved geological understanding 
of the complex will be the basis for a detailed 
geochemical and isotope geological study. 

The intrusive evolution of the Kærven Syenite 
Complex seems to be governed by a NW-SE zone 
parallel to the fjord which can possibly be related 
to the suggested failed arm model. Also the Kzr- 
ven gabbro and the numerous dykes in the cen- 
tral basement segment inside KSC have the same 
trend indicating the existence of a tensional tec- 
tonic environment in this part of the fjord for a 
period ranging from ca. 59 Ma through 53 Ma 
when the youngest Kærven units were intruded 
(Holm, in prep). The chronological sequence of 
felsic intrusion indicate a movement o£ the focus 
of magma transport towards the SW, which may 
have been related to the relative position of a rift. 
This evolution may have continued also during 
the subsequent emplacement of the Kangerdlugs- 
suaq intrusion which terminated ca. 49 Ma 
(Pankhurst et al., 1976). The implication from 
the study of the nordmarkite W of KSC is that 
possibly also the Kangerdlugssuaq intrusion is 
composed of a number of discrete units which 
may be interpreted from the existing geological 
map and the N-S trending E and W contacts of 
the nordmarkite to be dyke shaped and approxi- 
mately fjord parallel. The concept of the Kanger- 
dlugssuaq fjord as a failed arm of a tnple junction 
is thus supported by this evidence of prolonged 
crustal extension parallel to the fjord starting ear- 
lier than the first eruptions of lava and not ending 
until well after active ocean spreading was estab- 
lished. 
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Dansk sammendrag 
Kærven Syenit Komplekset er en tidlig tertiær intrusion belig- 
gende på vestsiden af Kangerdlugssuaq-fjorden, 0stgrbnland, 
og udgbr en perifer intrusion til den senere Kangerdlugssuaq 
intrusion (fig. 1). 

Kangerdlugssuaqområdets betydning ved udredningen af de 
tektoniske og magmatiske processer med tilknytning til den 
begyndende åbning af Nordatlanten i nedre Tertiær er vel- 
kendt, og Kærven Syenit Kompleksets alder indicerer, at kom- 
plekset udgbr en af de tidligste erkendte magmatiske begiven- 
heder i Kangerdlugssuaqområdet med relation til den begyn- 
dende oceanbundsspredning. 

Kærven Syenit Komplekset, der måler ca. 6 x 5  kmz, in- 
truderer den tertiære Kærven Gabbro, der igen intruderer det 
arkæiske grundfjeld (fig. 2 og 3). Komplekset er mod SV skåret 
af kvartsnordmarkiter tilhorende Kangerdlugssuaq Intrusio- 
nen. 

Kærven Syenit Komplekset har, i lighed med de 0vrige fel- 
siske intmsioner i Kangerdlugssuaqområdet, hidtil været be- 
tragtet som et enkelt intrusivt legeme. De forelbbige resultater 
af feltarbejdet i 1986 dokumenterer imidlertid entydigt, at kom- 
plekset er en multipel intmsion, opbygget af i hvert fald otte 
separate felsiske enheder. Disse forekommer i aflange gangag- 
tige legemer (N-S til NV-S0) med en relativ aldersprogression 
mod SV. Kærven kompleksets felsiske intrusiver vanerer fra 
monzonit over syenit til alkali feldspat kvarts syenit og granit. 
Kemiske analyser (Tabel 1 og fig. 4) ligger i det interval, som 
tidligere er præsenteret fra komplekset (Holm og Prægel, 
1988). En stor del af komplekset (ca. 50% af området repræ- 
senteret i fig. 2) udgbres af et hidtil ikke erkendt mere eller 
mindre metamorfoseret segment af gmndfjeld, der især i om- 
rådet mellem Kærvens 1390 m og 1134 m toppe er intenst 
intmderet af N-S gående basaltiske gange og af uregelmæssige 
mafiske og ultramafiske legemer. 

Rekononcerende feltarbejde på de til Kærven Syenit Kom- 

plekset grænsende bjergarter, tilherende Kangerdlugssuaq In- 
trusionen, antyder, at denne ligeledes kan omfattes som multi- 
pel. 
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