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Cretaceous/Tertiary Volcanism in North Greenland:
the Kap Washington Group

By Solveig Estrada', Axel Höhndorf and Friedhelm Henjes-Kunst'

THEME 1: Magmatic Provinces around the Eurasian Basin: In
terplay with Tectonism

Summary: The bimodal, alkaline volcanic suite of the Kap Washington
Group (KWG) at the northern coast of Greenland was investigated during the
BGR CASE 2 expedition in 1994. Geochemical and Nd and Sr isotopic data
are presented for basalts to rhyolites of the KWG and of related basaltic dykes
cutring Lower Paleozoic sediments. In the EVO(t) vs. (87Sr/86Sr)t diagram. the
KWG basalts and rhyolites follow a common mixing trend with increasing
crustal contamination from basic to acid volcanites. Assimilation of pre-exi
sting crustal rocks during formation of the rhyolitic melt is documented by Nd
model ages of 0.9-1.2 Ga and by different fractionation trends for the basalts
and the rhyolites in the Y vs. Zr diagram. Petrographical and geochemical fea
tures indicate intra-plate volcanism which was active most probably during a
continental rifting phase. A new Rb/Sr whole rock age on rhyolites of 64 ±3
Ma, corresponding to the result of LARSEN (1982), confirms that the volcanic
activity lasted until the Cretaceous-Tertiary boundary. 40Ar139Ar dating on
amphibol separates from a comendite yielded strongly disturbed age spectra
with a minimum age of 37.7 ±0.3 Ma. This age is interpreted to date a hydro
thermai overprint of the volcanic rocks related to compressive teerenies which
led to the overthrust of basement rocks over the Kap Washington Group.

INTRODUCTION

Volcanic and pyroclastic rocks of the Kap Washington Group
(KWG) were investigated during the BGR CASE 2 expedition
in 1994.

The KWG was first described by DAWES & SOPER (1970) and
mapped in detail by BROWN & PARSONS (1981). The KWG is
confined to a relatively small area at the northern coast of Gre
enland between Lockwood 0 in the west and Kap Cannon in
the east (Figs. l a, 1b). The volcanic suite overlies Cretaceous
and Permo-Carboniferous sediments and is in turn overthrust
from the south by early Paleozoic metasediments of the North
Greenland fold belt. Furthermore. a basaltic dyke swarm cuts
basement rocks to the south and southwest of the KWG. The
dykes continue with minor frequency to southeast up to the
Frigg Fjord area (Figs. l a, 1c). The so-called "greenstones of
unknown age" (HIGGINS et al. 1981, GGU 1992) found in
small discontinuous zones in the western Frigg Fjord segment
of the Harder Fjord fault zone are interpreted as an E-W tren
ding dyke affected by the fault zone and of the same age as the
dyke swarm (ESTRADA 2000).
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PETROGRAPHY AND GEOCHEMISTRY

Chemieal analyses were carried out at the BGR laboratories.
The detailed XRF whole-rock analyses are available from the
first author on request.

Accordant with BROWN et al. (1987), the volcanism is bimodal
with abasie group (basalts, tephrites, trachybasalts) on the one
hand and an acid group (rhyolites, trachytes, quartz-trachytes)
on the other hand (Fig. 2). The acid and basic volcanites occur
as lava flows and dykes. The acid vo1canism was connected
with extrusive activities (ignimbrites, lapilli tuffs, ash-flow
tuffs, pyroclastic sandstones).

The basalts show a vertical trend typical for alkali ne rocks in
the TiO, vs. Zr/P,Os diagram of FLOYD & WINCHESTER (1975)
and all volcanic rock samples have Nb/Y ratios >0.7 which is
indicative of an alkaline character of the whole volcanic suite
(WINCHESTER & FLOYD 1977).

Apart of the rhyolitic and trachytic lavas and pyroclastites
from Kap Washington and Kap Kane is characterized as peral
kaline rocks by an agpaitic index (mol [Na,O+K,O]/Al,O,) >1
(1.01-1.2) and by minerals like riebeckite and aegirin. These
subordinate rocks plot mainly into the comendite field in the
SiO, vs. Zr/TiO, classification diagram of WINCHESTER &
FLOYD (1977). The peralkaline, comenditic rocks are distin
guished by relative high contents of trace elements such as Zr
and Y (Fig. 3), Ce, La, Nb, Zn.

In geochemical discrimination plots for geotectonic setting,
according to MESCHEDE (1986), PEARCE (1982), PEARCE &
CANN (1973), the KWG volcanites correspond to intra-plate
lavas. This is shown in the Nb-Zr-Y plot after MESCHEDE
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Fig. Ib: Simplified geologieal map of
the Kap Washington area, North
Greenland, with the sample points
from Table 1 (based on Geological map
of Greenland 1 : 500 000, sheets 7 and
8, GGU 1992).
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(1986) (Fig. 4). Accretionary lapilli in pyroclastic rocks from
Kap Washington indicate subaeric fallout deposits.

The basaltic dyke rocks have a very similar chemieal compo-

sition as the KWG basalts and show also alkaline and intra
plate geochemical characteristics (SOPER et al. 1982, ESTRADA

2000).
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Fig.le: Simplified geologie al map of
the Frigg Fjord area, North Greenland.
with the sample points from Table 1
(based on Geologieal map of Greenland
1 : 500000, sheet 8, GGU 1992 and on
field observations during CASE 2).
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EVOLUTION OF THE VOLCANITES

Sr and Nd isotopic data of 33 samples of KWG volcanic rocks
and related basaltic dykes are presented in Table 1.

In the 8Nd(t) vs. (87Sr/86Sr)t diagram, calculated back to the time
of extrusion of the rhyolites at 64 Ma (Fig. 5), the KWG ba
salts and rhyolites follow a common mixing trend with increa
sing crustal contamination from basic to acid volcanites which
fits weIl in the variation range of intra-continental plate ba
salts. The basic endmember of the mixing line could be isoto
pically similar to the MOR basalts. The Nd model ages of the
acid volcanites range from 0.9 Ga to 1.2 Ga (Tab. 1) indicating
assimilation of Proterozoic crustal material. Crustal assirnilati-

on in generating the rhyolitic magma is also documented by
different fractionation trends für the basalts and the rhyolites
in the Y vs. Zr diagram (Fig, 3).

The basaltic dykes (including the "greenstones") form a diffe
rent, almost horizontal trend in the 8Nit) vs. (87Sr/86Sr)t dia
gram. The Nd isotopic signatures correspond to those of the
basic volcanites but the 87Sr/86Sr ratios show a significantly lar
ger variation towards more radiogenic values. Such trend
could be produced by mixing of the basic magma with a ClU

stal component having similar 8Nd(t) or significant lower Nd/Sr
ratio but more radiogenic Sr isotopic ratio. The basaltic dykes
and the basic volcanites follow the same fractionation trend in
the Y vs. Zr diagram (Fig. 3) suggesting the magma of the ba-
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Tab, 1: Rb-Sr and Sm-Nd data of Kap Washington Group volcanites and related dykes. Sr and Nd were separated from 50-100 mg of powder using standard ion exchange techniques and analysed as metal
species on a MAT 261 multicollector mass spectrometer in static mode. Nd and Sr isotope ratios were normalized to 14'Nd/14'Nd = 0.7219 and '"Sr/"'Sr = 8.3752, respectively. The isotopic ratios measured
für isotopic standards are I"Nd/'4"Nd =0.511834(17) for LaJolla and "Sr/"'Sr =0.710237(16) for NBS 987. The routine total blanks were: Sr <I ng and Nd <I ng. Analytical errors at 95 % confidence level
are ±2 % for "7Rbl""Sr, ±0,06 % for "Srl""Sr, ±0.014 % für I43Ndi144Nd. T"M values were calculated according to the 2-stage model of DEPAOLO et al. (1991).
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Fig. 4: Kap Washington Group basalts in the Nb-Zr-Y diagram for geotectonic
setting (after MEscHEDE 1986).

sie volcanites to be the basic endmember. Because the Nd/Sr
ratios of the basic volcanites are rather low (0.03-0.1) it seems
unrealistic to assume a much lower ratio for the crustal com
ponent. Consequently, we have to assume 8Nd(t) of +4 to +5 for
the crustal component to explain the isotopic trend of the ba
saltic dykes. The high 8Nd(t) value implies that the crustal com
ponent must be relatively young. This is confirmed by the Nd
model ages which are around 0.5 Ga (Tab. 1). Taking 0.5 Ga
for the age of the crustal material its model 8Nd(64 Ma) '" +4.5
(DEPAOLO 1991) would fit the condition for the assimilated
crustal material. Even moderate increased Rb/Sr ratios ('" 2)
would increase the average 87Sr/86Sr ratio from 0.703 to 0.750
during 0.5 Ga in that crustal component. Probably assimilation

took place within the magma chamber in deeper crustallevels
because there are no lower Paleozoic intrusives known in the
study area. In contrast to the acid volcanics, there is no indica
tion of assimilated Proterozoic crustal material in the dykes.

The comendites have high 8Nd(t) values comparable to those of
the basic volcanites. Due to the high 87Rb/86Sr ratios con
siderable age corrections must be made on the measured
87Sr/86Sr ratios. Therefore, the age corrected Sr isotopic ratios
may not give the correct initial values.

The fractionation trend in the Y vs. Zr diagram (Fig. 3) shows
that the basic volcanites and the comendites are not part of a
cogenetic suite. On the other hand the different 8Nd(t) values
rule out the possibility that the comendites are extremely frac
tionated residua of the rhyolites. The Nd model ages around
0.5 Ga suggest an early Paleozoic age for the source material
of the comendites. The 8Nd(64 Ma) values of about +4 to +5 fo
und for the comendites correspond well with the model value
for a 0.5 Ga old crust. The variation of the Sr isotopic ratios
can be explained by partial melting of such pre-existing crustal
material. Additionally, the Sr isotopic ratios may be affected
by a later hydrothermal overprint indicated by the Ar/Ar data
on amphibole separated from one comendite (see below). If
the Sr/Nd ratio in the fluid was substantial higher than in the
rocks only the Sr isotopic ratios will be affected by the
fluid/rock interaction.

Tentatively we may suppose the source rock of the melt of the
comendites to be the same as for the crustal contaminant of the
basic dykes.

A similar trend in the Sr-Nd isotopic relationship has been ob
served for comendites in the Naivasha basalt-comendite com
plex (East African rift, central Kenya) (DAVlES & MACDoNALD
1987). Based on Pb isotopic data those authors conclude that
the basalts and comendites are not part of a cogenetic suite but
explain the origin of the comendites by crustal melts of base
ment and overlying volcanoclastic rocks.
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AGE OF VOLCANISM

0.740.,-------------------,

average 41.2 ±0.2 Ma (Fig. 7). The minimum ages of 37.7
±0.3 Ma (late Eocene) is interpreted to date a hydrothermal
overprint of the volcanic rocks. This overprint is tentatively re
lated to compressive tectonics which led to the overthrust of
basement rocks over the KWG.
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Plant microfossils in intercalated shales indicate a Late Creta
ceous (Campanian 01' Maastrichtian) age of volcanism (BAT
TEN et al. 1981). Previous Rb/Sr whole rock age determina
tions on rhyolitic lavas and pyroclastites from Kap Kane and
Kap Washington yielded 64 (3 Ma (2cr) (LARSEN 1982). New
Rb/Sr analyses on 10 whole rock sampies of rhyolites and
trachytes mainly from Lockwood 0 (Tab. 1) define an er
rorchron (MSWD = 6.3) yielding an age of 64 (3 Ma (2cr en
hanced error) and (87Sr/86Sr)i = 0.7058 (0.0005 which cor
responds to the former result of LARSEN (Fig. 6). These new
age result confirms that the volcanic activities at Lockwood 0,
Kap Washington and Kap Kane are coeval and lasted until the
Cretaceous-Tertiary boundary.

4°Arp9Ar DATING

From a peralkaline rhyolite (comendite) from Kap Washington
(sampie SE 94/100, Tab. 1) the amphibole was separated for
40Ar/39Ar dating. The gray, "spotted" rock contains abundant
aggregates (about 1 mm in size) of fine needles (about 0.025
mm in length) of the Na-amphibole riebeckite, phenocrysts of
perthite (up to 2 mm) and aggregates of titanite/leukoxene in a
very fine-grained matrix of alkali-feldspar, quartz and acces
sory opaque minerals. Microprobe investigations of the rie
beckite show that two different types of amphibole exist: Na
rich amphibole (13.2 wt.% Na20 on average) with very low
K,O and Na-pool' amphibole with 6.4 wt.% Na,O on average
and about 0.6 wt.% (0.1-1.3 wt.%) K,O.

4°Arj39Ar incremental-heating experiments performed on 2 ali
qoutes of mixed amphibole - K-feldspar ± matrix separates
yielded highly disturbed age spectra with total-gas dates of on

KlAr whoIe rock ages of 34.9 (3.5 Ma and 32.3 (3.2 Ma (early
Oligocene) on rhyolites with cataclastic texture were interpre
ted by DAWES & SOPER (1971) as minimum age ofthe volcanic
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Fig. 7: 4OAr/39Ar age spectra of amphibole separates from a Kap Washington Group comendite.
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consolidation and maximum age for the thrust movements. Al
ternatively those ages are discussed by SOPER et al. (1982) as
dating erosion and cooling during post-thrusting uplift.

DISCUSSION

The volcanism in north Greenland was active during the latest
Cretaceous (biostratigraphicaIly: Campanian-Maastrichtian)
until earliest Tertiary (Rb/Sr whole rock dating: 64 Ma). Petro
graphical and geochemical features indicate that the KWG
volcanites as weIl as the dyke swarm both could be characteri
zed as intra-plate vo1canites. Most probably these vo1canites
are related to a continental rifting phase (compare also BROWN
et al. 1987 and SOPER et al. 1982). The extensional regime res
ponsible for the volcanic activity in North Greenland was fol
lowed by a phase of compressive tectonics during the Paleoce
ne to Eocene (SOPER et al. 1982). The compressive deformati
on led to the overthrust of basement rocks over the KWG and
to its local affection by brecciation, cleavage and hydrother
mal alteration.

The mainly N-S trending dyke swarm indicates E-W extension
of continental lithosphere (SOPER & HIGGINS 1991). On pre
drift reconstructions some authors prefer a link between the
volcanic activities in North Greenland and the early rifting
along the Nansen spreading axis (e.g. SOPER et al. 1982) ha
ving started at about 56 Ma (magnetic anomaly 24), whereas
other authors suggest an association with the extensional
events in the Makarov Basin where spreading began in the La
te Cretaceuos (about 80 Ma, magnetic anomaly 34) (e.g. BRO
WN et al. 1987). In the latter case, the KWG volcanites and dy
kes would represent a direct onshore continuation of an ocea
nie spreading axis (SOPER & HIGGINS 1991).

On the other hand, the relation to the "neighbouring" Upper
Cretaceous Hansen Point volcanics (TRETTIN & PARRISH 1987)
of the Canadian northwestern Ellesmere Island can be of inte
rest. These rocks form abimodal, alkaline volcanic suite con
sisting of alkali-olivine basalts, trachybasalts, trachytes, rhyo
lites and peralkaline rhyolitic ignimbrites. Petrographically
and geochemicaIly, these rocks compare weIl to the KWG vol
canites (ESTRADA et al. 1999). Furthermore, the Turonian to
Maastrichtian age of the Hansen Point volcanics (TRETTIN &
PARRISH 1987, EMBRY 1991) would be roughly coeval to the
KWG volcanites. Using available plate reconstructions for the
Late Cretaceous (SRIVASTAVA & TAPSCOTT 1986, TESSENSOHN
& PIEPJOHN 1998) the formation of both alkaline igneous pro
vinces is probably linked to two branches of a continental rift
zone which predates the opening of the Eurasian basin of the
Arctic Ocean starting about 56 Ma ago.

ACKNOWLEDGMENTS

We thank E. Häkansson, G. Manby, F. Tessensohn for support
during the field work and interesting discussions, T. Weiser for
the microprobe analysis and 1. Deneke, B. Eichmann, H. Fran
ke, H. Klappert, J. Lodziak, P. Macaj, D. Requard for labora
tory assistance. The manuscript benefitted from the review by
W. Richter.

References

Banen, D.J., Brown, PE., Dawes, PR., Higgins, AK., Koch, B.E., Parsons, 1.
& Soper; Ni. (1981): Peralkaline vo1canicity of the Eurasian Basin mar
gin.- Nature 294: 150-152.

BIVlI'n, PE. & Parsens. 1. (1981): The Kap Washington Group vo1canics.
Rapp. Gronlands geol. Unders. 106: 65-68.

Brown, PE., Parsons, I. & Becken S.M. (1987): Peralkaline vo1canicity in the
Arctic Basin - the Kap Washington Vo1canies, petrology and pa1aeotecto
nics.- J. Geol. Soc. Lond. 144: 707-715.

Davies, G.R. & Macdonald, R. (1987): Crusta1 influences in the petrogenesis
of the Naivasha Basalt-Comendite Comp1ex: Combined trace element and
Sr-Nd-Pb Isotope constraints.- J. Petrol. 28 (6): 1009-1031.

Dawes, PR. & Soper; Ni. (1970): Geological investigations in northern Peary
Land.- Rapp. Gronlands geol. Unders. 28: 9-15.

Dawes, PR. & Soper; Ni. (1971): Signifieance of KlAr age determinations
from northern Peary Land.- Rapp. Gronlands geol. Unders. 35: 60-62.

DePao!o, D.J., Linn, AM. & Schubert, G. (1991): The continenta1 crustal age
distribution: Methods of determining mantle separation ages frorn Sm
Nd isotopie data and app1ication to Southwestern United States.- J. Geo
phys. Res. 96: 2071-2088.

Embry, A.F. (1991): Mesozoie history of the Aretie Islands.- In: H.P. TRET
TIN (ed.), Geology of the Innuitian Orogen and Arctic P1atform of Cana
da and Greenland, Geology of Canada 3 (also Geol. Soc. Amer. E): 371
433.

Estrada, S. (2000): Basa1tic dykes in the Kap Washington and Frigg Fjord
areas (North Green1ancl).- Polarforschung 68: 19-23.

Estrada, S., Henjes-Kunst, F. & Hohndor], A (1999): Cretaceous vo1canites
from the Canaclian Aretic is1ands: magmatism relatecl to the opening of
the Aretic Oeean.- Ber. Dent. Mineral. Gesell., Beih. Eur. J. Mineral. Vol.
11,1999, No. 1: 66.

Floyd, PA & Winchestel; JA (1975): Magma type and tectonic setting discri
mination nsing immobile elements.- Earth Planet. Sei. Lett. 27: 211-218.

GGU (1992): Geologiea1 map of Green1ancl 1 : 500 000, sheet 7 (Nyeboe
Land) and sheet 8 (Peary Land).- Gronlands geol. Unders., Copenhagen.

Higgins, A.K., Friderichsen. J.D. & Sopet; N.i. (1981): The North Greenland
fold be1t between central Johannes V. Jensen Land and eastern Nansen
Land.- Rapp. Granlands geol. Unders. 106: 35-45.

Larsen, O. (1982): The age of the Kap Washington Group vo1canics, North
Green1and.- Bull. Geol. Soe. Denmark 31: 49-55.

Le Maitre, R. W (ed.) (1989): A elassifieation of igneous rocks and glossary of
terms.- Blaekwell, Oxford: 193pp.

Meschede, M. (1986): A method of discriminating between different types of
mid-ocean ridge basalts and continenta1 tholeiites with the Nb-Zr-Y dia
gram.- Chemieal Geology 56: 207-218.

Pearce, J.A. (1982): Trace elements charaeteristics of 1avas from destruetive
p1ate boundaries.-In: R.S. THORPE (ed.), Andesites, Wiley & Sons, 525
548.

Pearce, JA & Cann, J.R. (1973): Teetonic setting of basic vo1canicrocks de
termined nsing trace element ana1yses.- Earth Planet. Sei. Lett. 19: 290
300.

Soper; NJ., Dawes, PR. & Higgins, AK. (1982): Cretaeeons-Tertiary magma
tie and teetonic events in North Greenland and the history of adjacent
ocean basins.- In P.R. DAWES & J.W. KERR (eds.), Nares Strait and the
drift of Greenland: a eonfliet in plate tectonics. Meddr Gronland, Geosei.
8: 205-220.

Soper: N.J. & Higgins, AK. (1991): Late Cretaeeons-Early Tertiary defor
mation, North Greenland.- In: H.P. TRETTIN (ed.), Geology of the In
nuitian Orogen and Arctie P1atform of Canada and Greenland, Geology of
Canada 3 (also Geol. Soc. Amer. E): 461-465.

Srivastava, S.P & Tapscott, CiR, (1986): P1ate kinematics of the North At1an
tic. In: PR VOGT & B.E. TUCHOLKE (eds.), The Western North At1an
tic Region, Geol. Soc. Amer. M: 379-404.

Tessensohn, F. & Piepjohn, K. (1998): Ridge push as possible cause for Eoce
ne compressive deformation in Canada, North Greenland and Sva1bard.
3rd Int. Conf. Aretie Margins, Abstr.: 187-188.

Trettin, H.P & Parrish, R. (1987): Late Cretaceous bimodalmagmatism, nort
hern Ellesmere Island: isotopic age and origin.- Can. J. Earth Sei. 24:
257-265.

witson, M. (1989): Igneous petrogenesis.- Chapman & Hall, London: 466 pp.
Winchestel; J.A. & Flovd, PA (1977): Geochemical diserimination of diffe

rent magma series and their clifferentiation products using immobile ele
ments.- Chemie a1 Geology 20: 325-343.

23


