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The vo1canic Tunoqqu Member fonned at the end of the second of three vo1canic cycles
in the Paleocene Vaigat Fonnation. The Tunoqqu Member consists ofbrown aphyric and
feldspar-phyric basalts and fonns a marker horizon within the grey picritic rocks of the
Vaigat Formation. Most of the basalts are siliceous and were produced by contarnination
with crustal rocks of magmas ranging in composition from picrite to evolved basalt.

Some of the basalts were erupted from local vo1canic centres of which four have been
identified, whereas other basalts fonn more regional flows. The four identified eruption
centres are located along fault lines and zones of uplift and subsidence, indicating
tectonic control. Tectonic control is also inferred to be important in tenninating the
vo1canic cyc1e and causing the development of high-level magma chambers where the
magmas stagnated, fractionated, and became contaminated.

The basalts of the Tunoqqu Member fonn subaeriallava flows in western Nuussuaq.
Central Nuussuaq constituted a marine embayment in which the vo1canics were depos
ited as eastward prograding foreset-bedded hyaloclastite breccia fans which indicate
water depths ofup to 160 m. Eastern Nuussuaq was a gneiss highland with a more than
700 m high NW-SE-elongated gneiss prornontory stretching into the sea. During Tuno
qqu Member time the vo1canic rocks reached the gneiss prornontory and blocked the
outlet from the south to the sea in the north. This resulted in increased water levels in the
enc10sed embayment and transfonnation of the outlet into a torrential river. This river
eroded the concomitantly fonning Tunoqqu Member vo1canics and the gneiss prornon
tory and deposited the material in up to more than 250 m thick foreset-bedded boulder
conglomerates in the sea where the north coast of Nuussuaq is now situated.
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The early phases of the Tertiary vo1canism in the West

Greenland Basin are represented by the Vaigat Forma
tion. This formation records a complicated interplay be
tween the coneomitantly developing volcanic pile and
sedimentary basin through more than 3 million years

(Clarke & Pedersen, 1976; Henderson et al., 1981; Ped

ersen, 1985a; Pedersen, 1989; Piasecki et al., 1992; Larsen

et al., 1992).
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an Disko and Nuussuaq (Fig. l) an area of more than

10 000 kIrl is well exposed and only weakly affected by
post-volcanic faulting, tilting, and subsidence. In this
area the evolution of the volcanie rocks in space and time
and their relation to the eoeval sediments ean be studied

in considerable detail. Until recently, such studies have

been impeded by the rugged topography and the complex

geology. However,the recent development ofmulti-model
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Fig. 1. Geological map of Nuussuaq
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photogrammetry, based on colour stereo-photography from
a helicopter (Dueholm & Pedersen, 1992; Pedersen &
Dueholm, 1992) has provided the basis for new progress
through quantitative studies of inaccessible mountain
walls.

Koch (1959) studied the Tertiary non-marine sediments
on Nuussuaq. He concluded that parts ofthe sedimentary
succession in the east were contemporaneous with vol
canic rocks in the west, and that progradation of volcanic
hyaloclastite breccias into a water-covered basin affected
the sedimentary facies evolution. Pedersen (1989) like
wise suggested that the advancing hyaloclastite fronts
caused rapid increases in water depths and changed fluvial
plains into deeplakes.

Pedersen et al. (1993) presented a photogrammetrically
measured 80 km long vertical section along the south

coast of Nuussuaq. The section documents the eastward
younging of the volcanic rocks with time, the eastward
progradation of hyaloclastite breccia fans into the water
covered basin, and the variations in water depth with
time.

The lithostratigraphy of the Vaigat Formation on Disko
(Pedersen, 1985a) and Nuussuaq (Pedersen et al., 1993)
is based on a number of lithologically and chemically
distinct marker units of contarninated volcanic rocks.
These are mostly brown aphyric or feldspar-phyric
basalts and andesites which occur as minor horizons within
the succession of lithologically uniform grey picritic
volcanics. The most widespread of these brown marker
horizons is present over large areas of Nuussuaq and is
formalised in this paper as the Tunoqqu Member.

Heim (1910) discovered thick conglomerates of basalt
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Fig. 2. Summary stratigraphy of the Tertiary volcanic rocks and
sediments on Nuussuaq and Disko. The Vaigat Formation com
prises three cycles of voicanic activity; various minor members
within the formation are shown schematically. Stippie denotes
crustally contaminated members.
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and gneiss blocks at the base of the vo1canic succession at
Vesterfjeld in north-eastern Nuussuaq. S. Munck and A.
Noe-Nygaard visited the same area in 1939 and discov
ered that the conglomerates are associated with hyalo
clastite breccias (unpublished field notes). The geological
map sheet l: 100 OOOAgatdal shows the conglomerate as
a 200 m thick body which covers c. 1 km2 at the ridge at
point 1230 m named Mellemfjeld by Heim (1910). The
conglomerate occurrences were visited in the field in
1992. The conglomerates were found to be part of the
Tunoqqu Member and to have a geometry quite different
from that shown on the geological map.

This paper combines vo1canology, geochemistry, sedi
mentology, and multi-model photogrammetry in a pres
entation of a geological analysis of the West Greenland
Basin within the narrow time-window represented by the
Tunoqqu Member. It demonstrates that this member with
its huge conglomerates formed at a critical stage of the
development during which a large marine embayment
was cut off by the advancing vo1canic front and subse
quently developed into a fresh-water lake.

Geological setting

The West Greenland Basin is underlain and bordered
to the east by Precambrian gneisses and metasediments
of Archaean to Mid-Proterozoic age (Henderson & Pul
vertaft, 1987; Garde & Steenfelt, in press). The dominant
lithologies are quartzo-feldspathic gneisses.

The oldest known sediments in the basin, both onshore
and offshore, are of Cretaceous age. On Disko and in
southern and central Nuussuaq the Cretaceous sediments
include fluvial, deltaic, and marine deposits of the Atane
Formation (Pedersen & Pulvertaft, 1992). TheAtane For
mation is dated as Albian?-Cenomanian to latest Santo
nian on the basis of palynomorphs and rare marine inver
tebrates (Croxton, 1978; Koppelhus & Pedersen, 1993;
Nøhr-Hansen, in press). In central Nuussuaq the Atane
Formation is erosively overlain by marine shales of late
Cretaceous age (Nøhr-Hansen, 1994).

The basin was affected by considerable tectonic move
ments in the latest Cretaceous to earliest Tertiary (Rosen
krantz & Pulvertaft, 1969; Henderson, 1973; Pulvertaft,
1979, 1989). Block faulting and tilting due to extension
led to a general deepening of the basin in western and
north-western Nuussuaq, and to uplift and rejuvenation
in the eastern, bounding gneiss terrain which became a
mountainous area with considerable relief. The tectonism
and onset of vo1canism in the Tertiary were caused by
large scale plate tectonic processes in connection with
incipient break-up of the Laurasian continent.

Paleocene pre- to syn-vo1canic sediments are exposed
in eastern Nuussuaq and northern and eastem Disko. The

non-marine sediments on Nuussuaq were described as
the Upper Atanikerdluk Formation by Koch (1959),
whereas the marine sediments on Nuussuaq are referred
to the Kangilia and Agatdal Formations (Rosenkrantz,
1970). The main stratigraphic relationships are illustrated
in Fig. 2.

None of the established sediment formations and mem
bers are known to be coeval with the vo1canic rocks of
Tunoqqu Member described here. The marine Kangilia
and Agatdal Formations are definitely older (Fig. 2). The
dominantly non-marine Quikavsak Member is overlain
by the Tunoqqu Member but is rather unconstrained in
time (question marks in Fig. 2). The Quikavsak Member
is interpreted as a fault-controlled incised valley system
filled with fluviatile and estuarine deposits. The valleys
were eventually drowned during a phase of rapid rise in
relative sea level (Dam & Sønderho1m, in press). The
overlying Naujat Member consists of dark grey to black
shales which were deposited in relatively deep water. The
shales overlie an erosion surface which truncates either
the Atane Formation or the Quikavsak Member. The non
marine (lacustrine) origin of the Naujat Member is
inferred from the lack of dinoflagellate cysts and the
scarcity or absence of pyrite in the sediment (Piasecki et
al., 1992). These authors suggested that the Naujat Mem
ber might be partly coeval with the Tunoqqu Member, but
later studies (unpublished data) indicate that the Naujat
Member post-dates the Tunoqqu Member and is coeval
with the Ordlingassoq Member volcanic rocks (Fig. 2).
The shales of the Naujat Member and the younger Aussi-
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Table l. Lithostratigraphy ofthe Tunoqqu Member

New member. Forms part of the Lower Tertiary Vaigat Formation (Hald & Pedersen, 1975). Corre1ated with Kfiganguaq Member
(Pedersen, 1985a).

Name. After the mountain top Tunoqqu on the north side ofAaffarsuaq valley, central Nuussuaq (Fig. 1).

Type section. The south side of Tunoqqu mountain (Fig. 7).

Reference sections. See Figs 1and 3: Qunnilik (Fig. 3,1), Tunorsuaq (Fig. 3,2), Ikorfat (Fig. 3,3), Vesterfjeld (Fig. 3,4), and Tupaasat
(Larsen & Pedersen, 1988, fig. 2, section c).

Thickness. From less than 50 m to about 300 m.

Lithology. Brown mostly aphyric and plagioclase-phyric basalts forming subaeriallavas, subaqueous lavas, hyaloclastite breccias,
and boulder conglomerates dominated by vo1canic clasts.

Boundaries. The Tunoqqu Member rests on grey picritic lava flows and hyaloclastite breccias from the Naujanguit Member, on
marine or non-marine Cretaceous sediments, or on Precambrian gneiss. In parts of southern Nuussuaq the lower boundary is not
exposed. The Tunoqqu Member is overiain by grey picritic lava flows and hyaloclastite breccias of the Ordlingassoq Member.

Distribution. Tunoqqu Member covers more than 2000 km2 on Nuussuaq (Fig. 5). The extent towards the north and south are
delimited by the present coastline, whereas the western extent is delimited by erosion.

vik Member are referred to pollen zones P4 and PS by
Hjortkjær (1991) and are tentatively correlated with
marine nannoplankton zones NP6 and NP7 (Piasecki et
al., 1992; B. Hjortkjær, personal communication, 1994).

The vo1canic rocks on Disko and Nuussuaq are divided
into two formations. The older Vaigat Formation consists
mainly ofprimitive, olivine-rich rocks (see below), where
as the younger Maligat Formation consists mainly of
feldspar-phyric plateau basalts (Hald & Pedersen, 1975;
Hald, 1977; Larsen & Pedersen, 1992). Only the Vaigat
Formation is considered in the present context.

The Vaigat Formation is subdivided into three main
units which are, successively, Anaanaa unit (informal),
Naujanguit Member, and Ordlingassoq Member (Peder
sen, 1985a; Pedersen et al., 1993, and unpublished data).
These units may enclose, or be separated by, a few minor
members with distinctive lithology and composition
(Fig. 2).Whereas the three main units are dominated by
grey, olivine-rich, primitive rocks, most of the minor
members consist of brownish-weathering aphyric or feld
spar-phyric rocks which are enriched in silica and may
contain more or less digested sediment xenoliths. These
rocks are interpreted as resulting from reaction between
mafic magmas and crustal rocks, and in many cases the
reactions occurred in high-level magma chambers within
Cretaceous to early Tertiary sediments. Distinctive nega
tive Ni and Cu anomalies in some of the sediment-con
taminated rocks show that they have been affected by
sulphide and iron fractionation (e.g. Pedersen, 1979,
1985b).

Three volcanic cyetes ofthe Vaigat Formation

The vo1canism of the Vaigat Formation started from
eruption centres in western Nuussuaq. Subaqueous
mounds of pillow breccia and hyaloclastite and sequenc
es of thin subaeriallava flows were deposited. The lavas
flowed eastwards and into a deep water-filled basin, pre
sumably of tectonic origin, where they formed huge east
wards-prograding hyaloclastite fans. With time, the
active eruption centres also migrated eastwards, and even
tually the water-filled basin was filled up. The vo1canism
occurred in three separate cycles each of which started
with olivine-rich primitive magmas and ended with more
evolved, often contaminated magrnas. These three cycles
are represented by the three main units, as follows.

1st cyde: the Anaanaa unit comprises the oldest known
Tertiary vo1canic rocks in West Greenland. It is only
known from a limited area in western Nuussuaq. The
rocks comprise picrites, olivine-rich basalts, feldspar
phyric basalts, and siliceous contaminated basalts. The
unit is considered to be contemporaneous with parts of
the marine sedimentary Kangilia Formation to the east
and north-east.

2nd cyde: the Naujanguit Member comprises picrites
and olivine-rich basalts, whereas the associated minor
members mainly consist of siliceous contaminated basalts
and andesites with subordinate feldspar-phyric basalts.
During the Naujanguit Member cycle the vo1canic rocks
prograded considerably towards the east on both Disko
and Nuussuaq and filled in the marine basin. The Tuno
qqu Member, which is the subject of the present paper,
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Chemical variation

The chemical variation within the Tunoqqu Member is
illustrated in Fig. 4. Representative analyses af rock'

Fig. 3. Reference section for the TlInoqqll Member. L ation of
Ihe sections is shown in Fig. l. Detai!ed locations are as follows.
Section l: western ide of unnamed side valley to QlInnilik
valley, 70°33'46' . 53°45'10"W. Scction 2: nonhem ide of
Tunorsuaq valley, 70°42 '54 "N, 53°27 '04 "W. Section 3: eastern
side of glacicr south of lkorfat, 70°,44'04"N, 53°03'45"W.
SectioJl 4: ea tem ide of Vesterfjeld, 70°42 '57 "N, 52°5 I '41 "w.
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1500

150

1200

1100

1050

~ Pahoehoe lava flows and tonguos

lJ:::l:LliJ Eros!on-res~s:anl massive lava flow

1$~51 Foreset·bedded hyaloclastile

13 Pahoehoe lava 'iows 1050

@'!./#d ~I~~~~ ~~~~~~rted lava 1101'1 tnd~at ng

I:::.;:: :::1 Scoria tangue or suongly vesiculated lava 1101'1

IOn OD~I Conglomerate

In"~';;"1 Cross·bedded OOf1glomerale

~ Cretaeeous to Early Tertiary eiasIlO sedilllents

l .........-1 No eXOQSures

M: Thin mooslone bed; L' Th'n faleriVe 501/ lrori2on
CQI. Thin COlJqlom8fale bed; C. Laroe comooun<! lava flow.

eontains some strongly silica-enriched lavas whiell are
probab)y deri ved from a loeal but as yet llnidelltified
volcanic centre in this region.

In addition to these local centres, a nUl11ber ofTllnoqqll
Member la a flows are wide!y disu'ibuted bel\",een the
AaffarslIaq valley and the north eoast of uussllag. Some
individllal lava flow have been foJJO\.ved for more lhan
25 km between Tunorsllaq and Ve terfjeld in norlhern
j ullssllaq.

1 Ounnilik
125010

Thnoqqu Member

fonned at the end of thi' vu!canie cyele. The 2nd

cycle is considered eontemporaneoll with the lIpper

1110 t part of the marine sedimentlu'y Kangilia Formation,
with the uppermost part uf the marine sedimentary Agatdal
Formation. and with parts uf the Quikavsaq Member of
the Uppcr Aranikerdluk Formation (Fig. 2).

3rd cycle: tlle Ordlillgassoq Melllber is the most wide

spread of the three main unit . The rocks comprise almust

exclusively picrites and olivine-rich ba alts. During the
third eycle the vo!canie migration eastward continued,
and large parts of the gneiss terrain were onlapped by
voleanic rocks. The member is probably eontemporane
ous with part af the edimentary alljiit and Umiussat
Members (Fig. 2).

The formal lithostratigraphy af tlle Tunoqqu Member
is given in Table I and in deseriptions and sections pre
ented below.

The basalts of the Tunoqqu Member cover an area af
more than 2000 Iane an Nuus ·ual]. The rocks are contem
poraneou with the voJcanic roeks af the KOgangllaq
Member on Di. ko (Peder en. 1985a, b). Type and refer
ence seetions through the Tunoqqu Member are shown in
Figs 3 and 7. A crude e timate of the minimum volume af
erupted rocks is in the order of 50 km3

The Tunoqqu Member volcanic rocks Ilowa ubsrantial
compositional diver itYand form a number af eomposition
al group. (Fig. 4. Tables 2 and 3). Rocks from same af
these grollps have a limited areal distribution and were
erupted from local vokanic centre, whereas rocks from

other groups occllr widely dispersed and without apparent
relations to specific volcanic centres. Fom local vo!canic
centres, including the eontemporaneous KGganguaq centre
(new spcJling: Kuugannguaq), are shown in Fig. l.

1. Kligdngllaq Member on Disko was erupted from
vents sitlIated in the eastern side of KUllgannguaq vaJley
in northelll Disko (Pedersen, 1985b).

2. Around Tupaasal an the soulh eoa ·t of NlIlIssuaq a
distinct. eri es af brown pahoehoe lavas and hyaloclastites
oeem (Pedersen et al., 1993). o eruption ites have been
loeated. A section is presented in Larsen & Pedersen
(1988, fig. 2 ection C).

3. [n QlIIlIlilik valley on uus uag a large compound

lava eompo ed of nllmerous indi idual pahoehoe flows
forms a ru ty brown marker horizon. and a neek-shaped
feeder body i located in the northern side valley. The
flow attain. a maximum thickness af c. 30 m and a
volllme af at lea t 0.6 km]. The eruption ite is 'itllatcd
neal' to a later -S u'ending hinge Lone which was prob
ably al o active in TlInogqu Member time.

4. In the inner part of Agatdafell Tunogqu Member
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Table 2. Chemical analyses of rocks from the volcanic centres and
dispersed lavas from the Tunoqqu Member, Nuussuaq

GGU 400208 400238 400239 400307 400204 340711 362020 332703 400129 362039

SiOz 46.15 51.44 54.14 52.65 51.59 49.89 51.39 49.25 50.31 47.60
TiOz 1.22 1.55 1.82 1.38 1.34 0.97 1.30 1.44 1.57 1.88
Alz0 3

11.45 15.03 14.73 14.83 14.80 12.33 14.57 14.82 15.23 13.46
Fez0 3

3.68 5.24 1.68 2.41 3.65 1.06 0.85 2.77 2.47 4.80
FeO 7.56 5.12 7.82 6.84 6.13 8.66 8.52 8.19 7.64 5.74
MnO 0.17 0.18 0.16 0.15 0.16 0.16 0.19 0.17 0.16 0.15
MgO 17.39 5.73 5.13 8.16 8.23 14.90 11.19 7.69 8.18 9.37
CaD 9.4 10.17 8.93 9.77 10.39 8.02 8.58 12.80 10.76 10.69

Nap 1.45 2.65 2.61 1.92 1.79 1.38 1.59 1.96 2.02 1.94

~O 0.090 0.910 0.740 0.454 0.257 0.287 0.432 0.136 0.328 0.920

PzOs 0.109 0.160 0.225 0.156 0.150 0.140 0.169 0.125 0.199 0.221
Vol 1.19 1.31 1.36 1.13 1.54 1.82 1.51 0.90 1.04 3.18

-- -- -- -- -- -- -- -- -- --

99.86 99.48 99.34 99.85 100.03 99.62 100.29 100.26 99.92 99.94

Cr 1350 192 387 645 624 1186 1048 484 762 502
Ni 705 49 19 121 131 81 23 72 56 203
Sc 34 36 36 33 34 26 32 42 36 31
V 263 269 199 256 258 216 238 345 256 289
Cu 125 42 21 34 38 18 13 98 44 107
Zn 87 83 93 85 85 84 87 92 90 88
Ba 17 809 401 200 142 81 129 65 277 175
Sr 136 313 241 211 209 133 180 218 247 274
Rb 0.8 17 31 16 10 11 7.5 2.9 9.9 31
Y 19 27 34 23 22 20 22 23 27 24
Zr 58 119 187 111 113 93 129 82 113 113
Nb 2.0 17 17 7.9 8.8 4.9 8.2 7.5 12 20
Ga 17 19 22 20 20 15 17 19 21 20
Pb <2 3 6 5 <2 4 4 <2 <2 4
Th <1 2 8 6 4 2 3 2 5 3

Major elements: GGU's chernicallaboratory. XRF except for Nap (AAS) and FeO (titration).
Trace elements: XRF, John Bailey, Geological Institute, University of Copenhagen.
400208: Uncontarninated picrite lava from Naujanguit Member, representing a possibie parent magma for the magmas ofTunoqqu

Member. West side of side valley to Qunnilik valley, 40 m below Tunoqqu Mb. 700 33'46"N, 53°45'IO"W, alt. 1114 m.
400238: Aphyric basaltlava from theAgatdal volcanic centre. Mountain ridge in northem part ofAgatdalen, 70°35'45"N, 53°07'30''W,

alt. 705 m.
400239: As 400238, alt. 610 m.
400307: Plagioclase-orthopyroxene-olivine-phyric basalt, volcanic neck (feeder) from the Qunnilik volcanic centre. West side of

side valley to Qunnilik valley, 700 34'24"N, 53°45 '10"W, alt. 1150 m.
400204: Orthopyroxene-olivine-phyric basalt lava flow from the Qunnilik volcanic centre. West side of side valley to Qunnilik

valley, 70°33 '46"N, 53°45'1O"W, alt. 1185 m.
340711: Olivine-phyric basalt hyaloclastite breccia from the Tupaasat volcanic centre. Tupaasat, south coast ofNuussuaq, 70°21 '11 ''N,

53°05'12"W, alt. 750 m.
362020: Aphyric basalt, thin pahoehoe lava flow from the Tupaasat volcanic centre. South coast of Nuussuaq between Tupaasat and

Nuuk Qiterleq, 70°21 '33 "N, 53°1O'58"W, alt. 825 m.
332703: Plagioclase-olivine-phyric basalt, subaqueous lava flow. Tunoqqu type section, central Nuussuaq, 70°30'26''N, 53°Q4'20''W,

alt. c. 906 m.
400129: Olivine-plagioclase-phyric basalt lava flow. Tunorsuaq valley, NW Nuussuaq, 700 42'54''N, 53°27'04''W, alt. 1508 m.
362039: Olivine-phyric basalt lava flow with slightly enriched chemistry. South coast of Nuussuaq 7.5 km west of Nuuk Killeq.

700 23'50''N, 53°38'37", alt. 1110 m.
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Table 3. Chemical analyses ofvolcanic rocks from the Tunoqqu Member in the profile at Vesterjjeld,
north-eastern Nuussuaq

GGU 400333 400332 400330 400335 400338 400339 400340 400341 400342

Si02 53.89 53.04 52.08 51.38 50.36 50.30 48.76 52.90 51.69
Ti02 1.64 1.73 1.39 1.38 1.59 1.59 1.36 1.37 1.53
A1P3 14.93 14.77 14.97 15.08 14.33 14.35 13.91 15.77 15.24
Fe20 3 1.28 3.02 2.15 3.74 2.51 2.78 2.69 2.26 2.25
FeO 7.97 6.59 7.50 6.06 7.75 7.54 7.65 6.98 7.88
MnO 0.16 0.17 0.16 0.19 0.18 0.17 0.18 0.16 0.17
MgO 5.99 5.51 7.57 7.30 8.60 8.52 10.84 6.50 6.70
CaO 8.88 9.86 9.57 9.75 10.85 10.93 10.57 10.24 10.81
Nap 2.41 2.12 2.21 1.98 2.13 2.09 1.73 1.92 2.07

~O 0.602 0.429 0.308 0.279 0.295 0.339 0.333 0.390 0.645
Pps 0.200 0.214 0.155 0.150 0.161 0.164 0.155 0.144 0.161
Vol 1.58 2.22 1.37 2.02 0.86 0.68 1.40 0.86 0.44

-- -- -- -- -- -- -- -- --

99.52 99.67 99.44 99.31 99.62 99.46 99.58 99.49 99.59

Cr 459 431 666 736 481 505 1020 744 765
Ni 24 20 31 33 177 166 107 15 28
Sc 37 36 35 33 37 38 35 36 39
V 212 213 248 245 307 312 277 243 273
Cu 26 27 27 29 87 80 48 18 37
Zn 91 91 89 96 87 92 90 86 88
Ba 370 262 239 158 157 177 221 197 172
Sr 236 281 235 231 226 232 234 232 219
Rb 30 13 18 11 7.3 5.0 5.5 14 18
Y 30 32 24 24 25 25 22 24 25
Zr 167 174 124 125 107 105 92 121 115
Nb 15 16 11 11 9 8.7 10 7.3 8.8
Ga 20 23 19 21 21 21 19 20 21
Pb 4 6 7 9 5 4 <2 <2 2
Th 6 7 5 5 1 2 1 1 2

Major elements: GGU's chemicallaboratory. XRF except for Nap (AAS) and FeO (titration).
Trace elements: XRF, John Bailey, Geological Institute, University of Copenhagen.
400333: Aphyric basalt, clast in conglomerate, alt. 1150 m.
400332: Aphyric basalt, clast in conglomerate, alt. 1150 m.
400330: Aphyric basalt, pillow in hyaloclastite breccia, alt. 1150 m.
400335: Aphyric basalt, 2 m thick pahoehoe lava flow, alt. 1180 m.
400338: Olivine-microphyric basalt, 25 m thick lava flow, nO.labove conglomerates, alt. 1193 m.
400339: Olivine-microphyric basalt, 10 m thick lava flow, no. 2 above conglomerates, alt. 1220 m.
400340: Olivine-phyric basalt, 15 m thick lava flow, no. 3 above conglomreates, alt. 1234 m.
400341: Plagioclase-augite-phyric basalt, 5 m thick lava flow, no. 4 above conglomerates, alt. 1255 m.
400342: Plagioclase-augite-olivine-phyric basalt, min. 25 m thick lava flow, no. 5 above conglomerates, alt. 1260 m.
The Vesterfjeld profile is shown in Fig. 3 and its location is given there.

typical of the various centres and of the more dispersed would require that they followed evolutional trends as those
flows are given in Table 2, and analyses showing the shown in Fig. 4 for uncontaminate<1 rocks. Instead, crustal
variation within one profile (Vesterfjeld) are given in contamination is the major controlling factor, as has been
Table 3. shown for the Kilganguaq Member by Pedersen (l985b).

The rocks of the Tunoqqu and Kilganguaq Members Many rocks of the Tunoqqu Member are distinctly
span a large range of MgO contents (5-16%), but the silica-enriched and clearly contaminated, whereas other
different compositional groups present cannot be related rocks, including those from the profile at Tunoqqu, with
by ordinary crystal fractionation processes because this 49-50% SiOz are not clearly contaminated although their
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Fig. 4. Diagrams of the variationof TiOz' FeOT (total iron as FeO), CaO, SiOz' Ni and Cr v. MgO for vo1canic rocks of the Tunoqqu
Member and the coeval Kilganguaq Member. Rocks from the four identified volcanic centres are indicated. The variation trends for
uncontaminated rocks from the Vaigat Formation (mainly unpublished data) are shown for reference.

slight displacement within the 'normal' ranges for the
Vaigat Formation towards high SiOz and low FeOT, CaO
and Ni show that they may be just slightly contaminated.
The group oflavas with 49-50% SiOz and 6-10% MgO
represents essentially normal, evolved, feldspar-phyric
and aphyric basalts.

A group of lavas with 50-51% SiOz have low FeOT

and low CaO outside the normal range and are proba
bly contarninated evolved rocks.

All four local eruption centres have produced highly
silicic, strongly contarninated rocks. The Kugdnguaq
and Tupaasat Centres both produced silicic high-Mg
basalts with 9-13% MgO (Tupaasat Centre up to 16%
MgO) and distinctly low FeOT, CaO and TiOz' The
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Fig. 5. Geographical distribution of the Tunoqqu Member.
Line l-l: Approximate western limit of exposures of the Tuno
qqu Member, controlled by the present topography.
Line 2 - 2: Barliest shoreline, where the oldest Tunoqqu Member
lavas entered the marine embayment.
Line 3 - 3: The eastern limit of progradation ofTunoqqu Member
vo1canic rocks.
The three named localities are described later in the text.

54° 53 b

Tunoqqu Mb conglomerates, hyaloclastites
and subaeriallava flows

Western subaerial lava plain

Just prior to the formation of the Tunoqqu Member,
central and western Nuussuaq and northern Disko were
covered by a lava plain of picritic pahoehoe lavas. This
lava plain extended east to a shore zone shown on Fig. 5.
In central Nuussuaq an older, partly buried crater cone of
graphite andesite tuffs at Ilugissoq (Fig. l) rose about
30 m above the lava plain. Other irregularities were asso
ciated with zones of local synvo1canic tectonic move
ments. Two such zones have been documented through
detailed photogrammetric work: a zone of uplift north of
Nuuk Killeq associated with extension (Fig. l; Pedersen
& Dueholm, 1992, fig. 10; Pedersen et al., 1993), and a
zone of gentIe subsidence on the western fringe of the
Ikorfat fault system (Fig. 1).

uncontaminated parents for these rocks must have been
picrites with at least 18% MgO, estimated from the high
Cr contents in the resultant rocks. The low Ni contents in
most of these rocks are indicative of sulphide fractiona
tion (Pedersen, 1985b). The Kugånguaq centre in addi
tion produced magnesian andesites with 8-10% MgO
and 56-59% SiOz (not shown in the SiOz diagram), and
silicic feldspar-phyric basalts.

The Agatdalen centre produced low-Mg basalts and
andesites with 50-55% SiOz' They have relatively high
TiOz contents, low Cr, and very low Ni contents in con
tinuation of the uncontaminated evolution trend for Ni.
This indicates that the parent magma for this centre was
evolved basalt similar to or more evolved than the almost
uncontarninated dispersed lavas from the Tunoqqu Mem
bero

The Qunnilik centre produced silicic basalts with around
8% MgO, fairly similar to the silicic feldspar-phyric ba
salts from the Kuganguaq centre. According to the Cr
contents the parent magma for this centre would have had
at least 12% MgO. There are no signs in the Ni contents
of sulphide fractionation.

Some dispersed lavas show the same silica enrichment
as the lavas of the centres. Such lavas occur in several
profiles but correlation between them is equivocal.

A lava with C. 11% MgO (Table 3, 400340) occurs in
two neighbouring profiles and is sufficiently characteris
tic to be unequivocally correlatable. It is slightly contam
inated from a parent with at least 14% MgO (Cr dia
gram), and it is sulphide fractionated (Ni diagram).

Afew lavas enriched in TiOzand Pps (Table 2,362039)
occur at the top of the Tunoqqu Member in two neigh
bouring profiles and are probably from the same, late
eruption centre.

In conclusion, the Tunoqqu Member is characterised
by a range of dominantly silicic basalts produced con
temporaneously in a number of independent vo1canic
reservoirs by contamination of magmas ranging in com
position from picrite to evolved basalt.

Geographical distribution of the Tunoqqu
Member

The areal extent of the Tunoqqu Member is shown in
Fig. 5. In the folIowing description ofthe terrains and the
vo1canic products, the area in which the Tunoqqu Mem
ber has been identified is subdivided into five: the west
ern subaeriallava plain; the eastem gneiss highland; the
marine embayment in between; the western vo1canic shore
zone; and the conglomerate-dominated areas at the north
coast of Nuussuaq.

Eastern gneiss highland

Fig. 6 shows a simplified contour map of parts of the
gneiss highland on Nuussuaq east of the Ikorfat fault
system and north of the Aaffarsuaq valley at the end of
Tunoqqu Member time. The gneiss highland shows local
topographic relief of several hundred metres. Many
detaiIs of the relief have been preserved under the cover
of later lavas which has been stripped off only in compar
atively recent time.

The essential feature of the gneiss highland is a NW
trending ridge extending from eastem Nuussuaq to just
east of Agatdalen. It had the form of a prornontory
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Tupaasat. A section through the shore zone where
Tunoqqu Member lavas entered the sea is exposed at
Tupaasat and also shown by Larsen & Pedersen (1988,
fig. 2, loco C) and Pedersen et al. (1993, at about 32 km,
the eastemmost contaminated basalts grouped with the
Asuk Member). The sediments of the sea floor are not
exposed but are supposed to be c1astic sediments from the
Quikavsaq Member, possibly covered by mudstone. A
series of foreset-bedded Tunoqqu Member hyaloclastite
breccias indicate infilling from the south-west and a min
imum water depth of 160 m. These are covered by c. 50 m
of thin subaerial pahoehoe flows of silicic magnesian
basalt (Table 2) which successively go into hyaloc1astite
facies over a horizontal distance of 800 m. At the eastem
end of the exposure the last lava has entered the water.
The Tunoqqu Member volcanic rocks are covered by thin
lenses of mudstone that were deformed when the overlying

The volcanic rocks of the Tunoqqu Member entered
the marine embayment from the west, along a shoreline
running roughly N-S from southem to central Nuussuaq.
Here the line tumed slightly to the NE towards the present
north coast of Nuussuaq (Fig. 5). The shore is character
ised below by means of detailed descriptions of three
localities shown on Fig. 5.

Western volcanic shore zone

The marine embayment

The geological section along the south coast of Nuus
suaq (Pedersen et al., 1993) shows that the hyaloc1astite
breccias of the Naujanguit Member decrease in thickness
eastwards. The height of the foresets in the hyaloc1astite
fans from the Tunoqqu Member shows water depths of
c. 160 m at that time.The coeval eastem c1astic shoreline
is tentatively positioned in the vicinity of Kingittoq
(Fig. 13).This was done by backstripping to an extensive
plateau lava flow from the Maligat Formation (Pedersen
et al., 1993, unit mM; and Pedersen & Dueholm, 1992,
fig. 14).

Further north, in the inner part of Saqqaqdalen, Pulver
taft (1989) noted a marked relief on the boundary
between the Atane Formation and the overlying Naujat
Member, whereas no traces of Quikavsak Member were
found. This may indicate that erosion of the Atane For
mation continued into Tunoqqu Member time. The c1astic
shoreline thus lay to the west of inner Saqqaqdalen.

The palaeogeographic reconstruction in Fig. 13 shows
the inferred extension of the marine embayment and pro
poses the existence of a low-energy shoreline to the east.
Very little c1astic sediment accumulated during the time
of hyaloc1astite breccia progradation.
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extending into the sea and rising to more than 500 m,
locally more than 700 m above the surroundings, with no
documented cross-cutting channeis. The NW end of the
promontory is now buried beneath volcanic rocks and
may have been affected by post Vaigat Formation down
throw to the west along the Ikorfat fault system. The
shape of the gneiss ridge is probably tectonically control
led: its NW trend is sub-parallel to the Ikorfat fault sys
tem, and also to a prominent direction of dyke intrusion
on both Disko and Nuussuaq (e.g. Pedersen, 1977), indi
cating tension in a SW-NE direction.

At the time just prior to the formation of the Tunoqqu
Member the progressively eastwards advancing subaerial
lava plain tumed the marine embayment in south central
Nuussuaq into an enc10sed water body connected to the
sea in the north only through a comparatively narrow
strait between the volcanic front and the gneiss promon
tory.

Fig. 6. Detailed palaeogeographical map of parts of the eastem
gneiss highland and its surroundings at the end ofTunoqqu Mem
ber time. The contours on the gneiss ridge were compiled from
the contours on the 1:100000 map sheet Agatdal, with the top
of the Tunoqqu Member taken as reference (zero) level, and
assuming no later tilting in the area. The eastem boundary of the
Tunoqqu Member is drawn at its maximum eastem extent. The
localities Tunoqqu and Timiusartorfik are described later in the
text and shown in Figs 7-9.



15

1200 ,------------r------------~----------_.__---____,
w TUNOQQU E

800

600m,~__ ~}:~2"
O

Vaigat Formation, (Paleocene)

EJ Picritic subaeriallava flow

500 1000

Upper Cretaceous marine clastic sedimentse- lJ Shale, locally with intraformational ®
::-=: ::::- conglomerates at base

Ordlingassoq Mb

Tunoqqu Mb
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Strongly columnar-jointed basalt lava
indicating a humid environment

Subaqueous-basalt lava flows interbedded
with hyaloclastite
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B Fluviatile and deltaic sediments CD
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Ordlingassaq Member: ® @
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Fig. 7. The south side ofTunoqqu mountain. The seetion was eompiled from eolour diapositives by multi-model photogrammetry. The
projection plane is vertieal, west-east orientated, looking north. At this loeality the Tunoqqu Member lavas flowed from the west into
the marine basin. A shore zone in the older Naujanguit Member roeks is defined by a roeky eoast of eroded lavas (R) and loeal
eonglomerates (5) derived by erosion of lavas and hyaloclastites. The Tunoqqu Member roeks are a lava invasive into sediments (6),
and hyaloclastite breeeias and subaqueous lava tongues (7 and 8) overlain by slrongly eolumnar-jointed partly subaqueous lavas (9).
One lava flow has bulldozed into the underlying hyaloclastites and thiekened to form an 80 m deep lava pond that just surfaeed above
the water level.

hyaloc1astites of the Ordlingassoq Member were deposited.
ane dinoflagelIate cyst was found in a sample of these
mudstones (Piasecki et al., 1992, loco 9).

Tunoqqu. The south side of the small mountain Tuno
qqu in central Nuussuaq displays an excellent east-west
section approximately perpendicular to the Tunoqqu Mem
ber shore zone (Figs 7 and 8). The Atane Formation is
here overlain by grey ammonite-bearing marine shales
which are generally poorly exposed. These shales may

perhaps belong to the Kangilia Formation but formally
they have not been referred to any formation. The pre
Tunoqqu Member shore consists of foreset-bedded pic
rite hyaloc1astites covered by a few metres of subaerial
picrite lava flows from the Naujanguit Member. Both
hyaloc1astites and particularly the lavas have been eroded
by wave action under conditions of relatively rising water
level. The lavas are sculpted as a rocky, boulder-strewn
coast, and conglomerate and gravelof rounded picrite
lava cobbles and re-worked hyaloc1astite are deposited
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Fig. 8. Pho[Ographs from the ollth
ide ofTunoqqu mountain. Top: The

weSlern pari of lhe seclion shown
in Fig. 7. The aujanguit Member
here inelude hyaloclastite breeeias
(4) wjlh a loeal Illud tone (M),
over1ain by eroded pierile lavas
(3) defining a rocky shore (R) and

locally derived conglomerales (5).
The Tunoqqu Membcr includcs
fore el-bedded hyaJoelastite brec
cias (7). subaqueous lava longues
and hyaloclastite (8), and a large
lava flow (9) which in this part of
the seetion is in ubacrial facies.
Bottom: Detail of the beach con
glomerate (5). howing well round
ed clasls of lava and hyaloclaSlite in
a matrix of volcanie fragment.

along a ·Ioping. lightly eroded hyalocla lile helf up LO

120 m decp. The lowesl unit 01' the Tunoqqu Member is
a foreset-bedded hyaloclaslile breccia wilh pillow lava

tongues. Tt i covered by a erie of mali subaqueou
lava tongue ernbedded in hyalocJa rite and with local
patches of mud tone on the top. The upper paI1 of the
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lava flows
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®~ Brownish-weathering foreset -bedded
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D Superficial deposits

93°/3°S Strike and dip

Fig. 9. Timiusarlorflk. The section wa compiled from colour diaposilives by multi-model photogramllletry. The projection plane is
verticaI, SW-NE OrieJltaled, looking NW. The Tkorfat fault system flIns through the section and is approxirnalely perpendicular lO il.
The lowerrnosl volcanie unit (2) is brown hyalocla lite or conglomerate from lhe Tunoqqu Member, onlapping Precambrian gneiss
(l). The Tunoqqu Member is covered by several hunclred meU'es of hyalocJastite breccia fromIhe Ordlingassoq Member (3). The lavas
south-west of the fault zone dip about 8° SW and define a shallow sync1inc along the margin of the lkorfal fault.

Tunoqqu Member con i 'ls of distinctly columnar-jointed
basalt lava.. The uppermo l of lhe 'C lavas 'hows a very
well dcvclopcd transition frol11 subaerial to subaqueou
faeies. In the western part of the ection it is a 25 m lhick
aa lava with the top showing high-temperature subaerial
oxidation. Where the lava reached the shore zone il buIl
dozed into the underlying breeeialed unit which eallsed
a loeal thickening of the flow to 60 m. Farther into the
basin it formed a 80 m thick ponded lava that built up
right to the lIrfaee ol' lhe basin. The top zone of the
subaerial part ol' lhe lava is reworked into a minor basalt

conglomerate wilh rounded oxidised clasts and fining
upw'ards . tructure. A relative rise in lhe water levelof
35 m during the interval pre- to end-lUnoqqu Member
time is indicated. The Tunoqqu Member is eovered by a
c. 10 m thiek picrite lava flow from the Ordlingassoq
Member. This flow is in places eovered by up to 40 cm ol'
mudstone deposited in loeal depressions, and this is again
covered by more than 100 m of Ordlingassoq Member
picrite hyaloclaslite .

Timiusartmfik. About 14 km NE of Tunoqqu 25 m
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Fig. 10. Fom seetions through the Tunoqqu Member between Vesterfjeld and 0sterfjeld
at the nortl1 eoast of Nuussuaq (index map). The seetions were eOlllpiled from eolom
diapositives by multi-model photogrammetry. The projeetion planes are vertieal, nonh
south orientated, looking east.

a. West side ol' VesterlJeld. Hyaloclastite breccias from the Naujanguit Member (3)
are overlain by several units of eross-bedded boulder eonglolllerates from the Tunoqqu
Membel' (4,5,6) whieh prograded northwards into the sea. The conglomerates are inter
bedded with a hyalocJastite horizon (7), and overlain by subaerial lava flows (10,11).
The TlIJloqqu Member is overlain by hyaloelastite breecias (12) and lavas (13.14) from
the Ordlingas oq Member.

b. East side of Vesterfjeld. Precambrian gneiss (I) and Cretaeeolls to 10wcr Tertiary
clastie sediments (2) are overlain by thin diseontinuous deposits of hyaloclastite from the
Naujanguit Member (3). These are foJJowed by thiek deposits of TlInoqqu Member
hyaloclastite breccias (7) and cross-bedded boulder conglomerates (5. 6) whieh pro
graded Ilorth and north-eastwards into the sea. The clastic rocks are eovered by TlInoqqll
Member subaeriallava flows (9, 10, l l). Flow 9 flowed over hllmid grolInd, as indieated
by its structure with a thick entablature zone. These lavas are covered by hyaloelastite
breccias (12) and lava flows (13, 14) from the Ordlingassoq Melllber.

e. West side of MeJJemtjeld (Heilll, l 9 LO. p. 178). Preealllbrian gneis (I) and Creta
ceous 10 lower Tertiary clastic sediments (2) are overlain hy more than 200 m of con
glomerate from the TlInoqqll Member. Six eonglomerate units are distingui hed: they
show transport directions towards the east and south-east. An invasive lava (8) i seen in
the lower part ol' the conglomerales. An iJTeglllar lava flow (9) with a thjek entablature
zone has filled a humid erosiona!? depression in the eonglomerates. The Tunoqqu Mem
bel' ends with subaeriallavas (IO) and is overJain by hyaloclastite breccias from the Ord
lingassoq MClllbcr (12).

d. West ide of 0sterljeld. Preeambrian gneiss (l) and Cretaeeous IO lower Tertiary
clastic sediments (2) are overlain by forcset-bcdded hyaloclastitc breeeias from thc
Tunoqqu Member (7). A TunoqCJu Member lava (8) has invaded the lower part ol' lhe
hyaloelastites. The hyaloelasliles are eovered by subaeriallavas (II). The Tunoyqu Member
is over1ain by hyaloeJastite breeeias (12) and lavas (13) from lhe Ordlingassoq Member.
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Fig. Il. Tunoqqu Member bOlJider
conglomcratc . Top: Thick, cro s

bedded congJomerates (5) overiain
by horizontal1y bedded conglom
erates (6). overlain by subaerial
lavas. Basaltic dykes (D) cut the
conglomcratcs. Ea t side of Ve ter
fjeld; nUJl1bers are lhe same as in
Fig. IO. BOllom: Conglomerate

witll large rounded blocks of vc
sicular lava and numcrous 5111a11
roundcd pcbble5 of hyaloclastite.
The matrix is hyaloclastite sand.

of lighl brown Tunoqqu Member hyalocla tiles Ol' con
glomenlles are exposed, banked up against ajoping gneis
surface which rose 200 m above them (Fig. 9). The Tuno
qqu Member rocks are covered by 325 m of Ordlingassoq
Member picrite hyaloclastite which are also banked up
against the gneiss. The locality marks the point wherc the
advancing Tunoqqu Member voicanic rock reached the
gneiss promonLOry. However, the thick Ordlingassoq
Member hyalocla ·tites show that a pennanent land bridge
between the lava plateau and the gnei wa nol estab
lished.

North coast af Nuussuaq from Vesterfjeld to
østerfjeld

In this area, the Tunoqqu Member possesses a compli
cated geological tructure and large IilhoJogicaJ varia
tions. A prominent feature i the occurrence of thick,
forcset-bedded boulder conglomerates. The rocks have
been studied in four parallel j -5 orientaled valley sec
tion 2.5-3.5 km in length, and covering an E-W distance
af 7 km (Fig. IO).

The substrate for the Tunoqqu Member varies from
section a to seclion d in Fig. ll. In section a, the substrate
consists of fore et-bedded picritic hyaloclastite breccias
from the Naujanguit Member. These are more than 100 m
thick and were filled in from the outh-west. Thin inler
layered mudstones with a few Tertiary dinoflagelIate cysts
(S. Piasecki, personal commurucation, 1994) show that
the hyaloclastites were deposited in a marine environ
ment. On the eroded top of the e hyaJoclastite i depos
ited an up to 50 m thick very coar e, cro -bedded grey
conglamerate Witll lava boulder IIp lO 2.5 m in size
consisting of olivine ba alt and subordinate aphyric
basalt and gnei block. In ection b, anIy a very thin
layer af picritic hyalocla lire separates sediments and
Tunoqqu Member rock. Tn section c and d Lhe north-
loping urface of the gneiss promontory is well expo 'ed

and rises high to the SOUtll. Poorly exposed Crelaceous
'ediment cover the northern lip ol' the gnei s in section c.
In. ection d, coarse andstone and mudstone deposited on
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Fig. 12. The west side ofMellemfjeld (Fig. IO c). NUlllber are the same a in Fig. IO. Five different conglomcrate units (5.1 to 5.4 and
6) from the Tunoqqu Member overlie Precambrian gneiss (l). An invasive lava (8). a lrongly columnar-jointed lava indicaling a
hlllllid environment (9), and normal sllbaeriallavas (lO) also bclong to the Tunoqqu Member. Note thatlhe deposition ohhe trongly
cross-bedded conglolllerale unit 5.4 was conlemporaneous with the emplacement of the lava 9.

the wealhered gneiss surface are exposed locally. Over
most of seetions c and d, Tunoqqu Member rocks rest
direetly an the gnciss.

Sec/ions a and b (Ves/erjjeld wes/ and eas/).In seetion
b, the Thnoqqu Member starts with orange-brown fore
set-bedded hyaloclastite which emered from the SW
into a 130-150 m deep water-filled basin where they
prograded more than 1.3 km lowards the NE. The lavas
probably entered the basin neal' to this loeality. The pre
Tunoqqu Member units in section a and the hyaloela tite
unit in section b are eroded on the 10P and eovered by a
20 m thick eonglomerate bed whieh eonlinued the pro
gres ive infilling of the ba in. The conglomerate forms a
cross-bedded orange-brown depo il which is almost
indi tingui hable from hyalocla tile when seen from a
di tance. It consists of up to 0.7 m large lava bloeks of
silicie low-Mg basalt with subordinate olivine-phyric
basalt and gneiss blocks (Fig. II). In addition, rounded

pillow fragments with glassy margins are found, and the
conglomerate matrix is rich in glass gravel derivcd from
reworked Tunoqqu Member hyaJoclastite.

The conglomerale unil is covered by pahoehoe lavas
which pass into shallow hyaloclastite faeies with trans
port directions from the south, seen in the northern part of
section b. In section a, a single 10-30 m thiek hyaloc!as
tite bed shows infill from the norlh and north-wesl.

This unit is eovered by an up lo 15 m thiek conglom
erale bed (sections a and b) showing transport direetions
from the south. It contains bloeks of Tunoqqu Member
lavas and hyaloclastites, and ubordinate gneiss blocks.

In sections a and b live subaerial Tunoqqu Member
lava flows follow next, of whieh the lowesl has a very
regular and prominent eolonnade indicating that il f10wed
over humid ground. In section b, this flow is seen to
invade and di rupt (he underlying conglomerale.

Be(ween sections b and c a marked change in lithology
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takes place and sections c and d are described separately.
In section c (Mel1emjjeld) there is a remarkable devel

opment of conglomerates. These are up to 250 m thick
and consist of at least five separate units described below.

Conglomerate l (Fig. 10, section c, unit 5.1) is up to
30 m thick and consists of a number of distinct, flat-Iying
beds with blocks of Tunoqqu Member lavas, reworked
hyaloclastite, and subordinate gneiss.1t also contains scat
tered fragments of petrified wood.

An intrusive sheet of basalt (Fig. 10, section c, unit 8)
separates conglomerates 1 and 2. Because of its distinc
tive chemical composition the sheet is correlated with
subaerial lava 3 on Vesterfjeld, and it is probably an
invasive tongue of that lava.

Conglomerate 2 (Fig. 10, section c, unit 5.2) is up to
120 m thick and may be a continuation of conglomerate 1.
It contains beds of glassy hyaloclastite gravel. A shallow
trough is eroded into its top.

Conglomerate 3 (Fig. 10, section c, unit 5.3) is a dis
tinctive, 5-10 m thick light-coloured bed.

Conglomerate 4 (Fig. 10, section c, unit 5.4) is an up to
70 m thick, brown, regularly cross-bedded conglomerate
or hyaloclastite filled in from the north or north-west. It
has not been visited in the fieid. To the south, the foresets
interfinger steeply with a number of columnar-jointed,
subaqueous or at least humid-facies-type lava tongues
which have also filled the shallow trough in the top of
conglomerate 2. These lavas can be correlated with sub
aeriallavas 4 and 5 on Vesterfjeld, indicating that at least
some of the conglomerates in section c are younger than
any of those in sections a and b.

Conglomerate 5 (Fig. 10, section c, unit 6) is up to
25 m thick and consists of a number of very coarse beds
with well-rounded baslllt boulders up to 1 m in size. To
the south, it interfingers with subaeriallava flows (unit
10), and it must have been deposited in a shallow river
bed with torrential water flow. This river existed at least
during the time interval covered by the eruption of two
successive lavas, probably the last ones in the Tunoqqu
Member.

Aphoto ofthe Mellemfjeld sectionis shown in Fig. 12.
In section d (Østeifjeld) the lithology is much simpier

and no conglomerates are present. The Tunoqqu Member
is banked up against the gneiss and varies in thickness
from O to more than 250 m. Three vo1canic units are
present.

The lowest unit (Fig. 10, section d, unit 8) is up to
120 m thick and composed of strongly columnaFjointed,
irregular basalt overlain by pillow lava and hyaloclastite
(S. Munck & A. Noe-Nygaard, unpublished field notes),
probably subaqueous lava tongues. These are veined and
intruded by irregular, approximately N-S trending dyke
like bodies.

The middle unit (no 7) is an up to 100 m thick, regular
ly foreset-bedded, orange-brown hyaloclastite deposited
from the north.

The upper unit (no 11) is up to 25 m thick and com
posed of brown subaeriallavas.

Ordlingassoq Member. In the western area (sections a
and b) a few subaerial picrite lavas overlie the Tunoqqu
Member, followed by subaqueous lavas and hyaloclas
tite. In the eastern area (sections c and d) Ordlingassoq
Member hyaloclastites directly overlie the Tunoqqu Mem
ber, and in section d they show infilling from the north.

Summary oievents in the north coast area
(Fig. 13)

l. At the start of Tunoqqu Member time the western
shoreline was marked by an earlier hyaloclastite deposited
towards the NB. Seawards of this, a conglomerate with
metre-sized boulders of olivine basalt and gneiss was
deposited towards the north and NE, indicating the start
of local erosion (Fig. 11, section a).

2. A Tunoqqu Member foreset-bedded hyaloclastite
advanced farther towards the NE (Fig. 10, sections a
and b).

3. Over a several kilometres broad area, blocks of
Tunoqqu Member lavas and hyaloclastites, and gneiss,
were transported towards the NE and deposited in a 150
m thick conglomerate fan (Fig. 10, sections a and b).

4. Further advance of Tunoqqu Member subaerial
lavas and equivalent hyaloclastites (Fig. 10, sections a
and b).

5. Further erosion and deposition of conglomerates
(Fig. 10, sections a-c). High-energy torrential flows
started to transport the conglomerates towards the east
(section c).

6. The vo1canic front advanced from the west; sections
a-b were then on dry land. The water flow was increas
ingly constrllined between the gneiss promontory and the
lava plain and deflected towards the east, still depositing
conglomerates, the youngest from the north. Concomi
tantly, lavas repeatedly flowed into the river bed and
threatened to block it completely (Fig. 10, section c).

7. The vo1canic front engulfed the gneiss prornontory,
swung eastwards, and deposited hyaloclastites towards
the SE and south (Fig. 10, section d). Finally, the river
ceased to flow and the emergent hyaloclastites and con
glomerates were covered by subaerial Tunoqqu Member
lava flows which formed a horizontal plain around the
gneiss 'promontory' which still rose to more than 700 m
above the lavas.

8. In Ordlingassoq Member time, the plain was again
inundated by a several hundred metres deep water-filled
basin.



25

NUUSSUAQ

Position ol volcamc front
al end Tunoqqu Mb lime

Lowenergy
shoreline

700

K

Sa

".\ .
. '
~.

\ .,
I

:.1 ..
.......
. ........r.

Exposed
Cretaceous
sediments·

3

Ki
I
1"
I
I.
I

THE SEA

P

Water body
tormerly
connected
Io Ihe sea

Area covered
on cartoons
al righl

700

DISKO

A: Ataa
I: Ikorfat

Oa: Qaarsut

K: Kuuk

NK: Nuuk Killeq

NO: Nuuk Qiterleq

Tp: Tupaasat
P: Paatuut
Ki: Kingittoq

Sa: Saqqaq

Q: Qorlortorsuaq
QU: Qullissat

T: Tunoqqu
Ti: Timiusartorfik

15 km
! :

520

Fig. 13. Sketch of the palaeogeography of central Nuussuaq and north-eastern Disko at Tunoqqu Member lime. A water body with a
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illustrated on separate maps. I. Progradation ofTunoqqu Member hyalocla tites to\Vards the east. At a single locality (Timillsartorfik)
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Interpretations and conciusions

Fractionation and contamination at the end oia
magmatic cyde

The vo1canic rocks of the Tunoqqu Member on Nuus
suaq and the contemporary Kfigånguaq Member on Disko
show an unusually large compositional diversity which
can not all be explained by crystal fractionation processes.
Many of the compositional groups were formed by various
degrees of crustal contamination of various parent mag
mas which ranged in composition from picrite with around
18% MgO to evolved feldspar-phyric basalts with around
7% MgO. The rocks of the Tunoqqu and Kfiganguaq
Members are the most widespread and voluminous prod
ucts of the crustal contamination that took place during
the deposition of the Vaigat Formation.

Contamination of the magmas took place in a number
of separate magma chambers situated high in the crust,
probably in the sediments of the West Greenland Basin.
Pedersen (1985b) showed that the dominant contaminant
of the Kfiganguaq Member rocks is most likely a sulphur
bearing sandstone; the contaminants for the rocks of the
Tunoqqu Member are poorly constrained.

Contamination usually induces crystallisation and
decrease ofMgO in the contaminated magrnas. However,
some of the low-MgO basalts of the Tunoqqu Member
are not noticeably contaminated and must mainly have
formed by normal fractional crystallisation of more Mg
rich, probably picritic parent magrnas. This evolution
must also have taken place in magma chambers which
could have been more deep-seated than the chambers
where the contamination took place.

Dwindling magma supply rates at the end of a mag
matic cycle may explain the preponderance of evolved
and contaminated basalts in the Tunoqqu and Kfiganguaq
Members. Dwindling magma supply rates would lead to
longer residence times in magma chambers and forma
tion of evolved basalts. Likewise, the likelihood that the
magmas would stagnate and react with their surroundings
at higher levels on their way to the surface would be
increased.

The occurrence of slightly enriched lavas at the top of
the Tunoqqu Member may herald the start of the third
vo1canic cycle in the region, which produced picrites that
were slightly enriched relative to those of the preceding
cycle.

Tectonic control

Detailed structural analysis by photogrammetry in well
exposed areas has shown that there is a connection
between the position of the eruption centres, the config-

uration of fault blocks, and the location of zones with
subtle synvo1canic movements.

The Kfiganguaq centre is located along an old palaeo
escarpment related to the Disko Gneiss Ridge (Fig. l).
The Qunnilik centre is situated due north of this and may
be related to a northem prolongation of this gneiss ridge.
The Tupaasat centre formed within an area which at that
time was affected by repeated small vertical movements.
Finally, the Agatdal centre is situated somewhere along
the south-westem margin of the Ikorfat fault system which
was affected by semi-continuous, probably tension
related, sagging in Naujånguit Member time.

The more regionally dispersed and less contaminated
lavas could have been erupted from fissures outside the
centres. Dykes with fairly similar chemistry occur at
various places, but they are not sufficiently characteristic
to be related unequivocally to the Tunoqqu Member
because the much younger Maligåt Formation contains
very similar basalts.

In conclusion, all the known eruption sites were situated
in tectonically active zones, and it is probable that mag
mas were channelled towards the surface and developed
magma chambers along pre-existing, deep faults.

The ultimate cause for the magmatic stagnation at the
end of the Naujånguit Member cycle is not known. Based
on the observations above, it may be speculated that the
stagnation was tectonically controlled, e.g. caused by a
slight shift in the direction and magnitude of the tectonic
forces driving the plates in the Baffin Bay region.

Conglomerates and basin development

The spectacular Tunoqqu Member conglomerates at the
north coast of Nuussuaq were deposited by torrents along
the gneiss prornontory. The cause of the development of the
conglomerates could be either l. a relative sea-level rise,
2. a relative sea-level fall, 3. local tectonic movements,
or 4. non-tectonic damming of a large water body.

1. A relative sea-level rise may be caused by the load
ing effect of the heavy vo1canic rocks. It would lead to
formation of coastal cliffs of eroded lavas and deposition
of local conglomerates at the foot of the cliffs, as
described for the Tunoqqu type locality. But transport of
metre-sized gneiss blocks over several kilometres would
not be possible, and a relative sea-level rise cannot
explain the north coast conglomerates.

2. A relative sea-level fall leading to rejuvenation of
water courses may lead to deposition of conglomerates. It
should also be expressed as falling palaeoshore leveIs.
The palaeoshore levels are recorded very precisely in the
vo1canic facies, where falling sea-level should give rise to
a lowering of the top of the hyaloclastite level. Such a
feature has not been observed.



3. Localised syn-vo1canic movements may also lead to
rejuvenation of water courses. Syn-vo1canic uplift has
been observed along the south coast of Nuussuaq (Peder
sen et al., 1993), and sagging has been observed along the
south-westem margin of the I1mrfat fault system. None of
these movements would be likely to trigger high-energy
flows across the Ikorfat fault system from the Agatdal
region towards the north-east.

4. From the discussion above we conclude that relative
sea-Ievel changes cannot explain the observations. We
therefore interpret the conglomerates as caused by a sim
ple damming effect. The eastward-prograding vo1canic
rocks gradually obliterated the marine embayment in cen
tral Nuussuaq, but north-flowing water courses in the
eastem Disko Bugt region would still exist. Because of
the damming the water table rose, and the increased gra
dient between the enclosed basin and the sea to the north
generated an outlet torrent between the vo1canic front and
the gneiss promontory.
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