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Abstract

The early Tertiary plateau basalts in East Greenland are
situated on a continental margin and were erupted during
continental break-up and initiation of sea-tloor spreading in
the North Atlantic. In the region stretching from Scoresby
Sund southward to 69°N 40 000 km2of basalts with an average
thickness of 1.5 km have been investigated by measuring and
flow-to-flow sampling of 130 profiles, followed by major ele
ment geochemical analysis and microprobe analysis, trace ele
ment analysis and some Sr isotope data.

The basalts rest on Mesozoic sediments in the east and on
Precambrian gneiss in the west. Six basalt formations are de
fined: the Magga Dan, Milne Land and Geikie Plateau Forma
tions form a lower regional sequence erupted in one vo!canic
episode from sites in the NW part of the region; the Rømer
Fjord and Skrænterne Formations form an upper regional se
quence erupted in a subsequent vo!canic episode in which
eruption sites moved SE to centres east of the present Atlantic
coast; the Igtertivå Formation and a coast-parallel dyke swarm
forrned in a third vo!canic episode only recorded at the Atlantic
coast. The lavas are essentiaIly flat-lying; a narrow strip along
the Atlantic coast is extensively block faulted. Single lava flows
are extensive (max. 11 000 km2) and voluminous (max. 300
kml). They are well preserved, with metamorphism of the low
zeolite facies.

All the lavas and most of the dykes are fractionated tholeiitic
basalts with Mg/(Mg+Fe2+) ratios of 0.66-0.39 and Ti02 =

1.2-4.5%. The major part (the 'main basalts', 96% by volume)
have Mg ratios of 0.56-0.39, while only 4 vol.% are Mg-rich
basalts with Mg ratios of 0.66-0.57. A nephelinitic tuff layer
occurs at the base of the second sequence. A few dykes are
alkaline.

The Mg-rich basalts have microphenocrysts of olivine
(F090-70) and chromite, while the main basalts comprise both
aphyric and porphyritic sequences. Phenocrysts of plagioclase
(An88-l7) are abundant, of olivine (F080-57) are sparse but ubiq
uitous, and of augite (FS9-20) sparse and often absent. Ground
mass phases are olivine (to FOl7), plagioclase (to Ann>, augite
(to FS62), pigeonite (F~6-50)' titanomagnetite and ilmenite. All
rocks contain several per cent fine-grained mesostasis. The
phenocrysts frequently show disequilibrium textures and a
wide range of compositions within one sample.

Extrusion temperatures are calculated to 128Q-l110°C, and
densities to 2.68-2.78 glcml, increasing with fractionation.

The volcanic episodes are demonstrated in systematic com
positional variations with height in the basalt sequence. Each
of the two major episodes started with a variety of lava compo
sitions including Mg-rich basalts, followed by a thick sequence
of 'main basalts' showing a systematic decrease of Ti02 and
other incompatible elements with height, and ending with a
reversal to higher Ti02values. The third episode is not cyclic,
and its products have changed incompatible element ratios.
The Mg-rich basalts comprise depleted MORB type basalts,

relatively enriched olivine tholeiites, and very enriched tholei
ites (Mikis type basalt). Sr isotopes show 87SrfS6Sr ratios of
0.7034 in most basalts and 0.7045 in the Mikis type basalt,
while some Si-rich basalts have ratios up to 0.7079. The East
Greenland basalts are 'initial rifting' basalts very similar to
those in Deccan.

The magmas have equilibrated at low pressures in crustal
magma chambers. The main basalts have fractionated ol + pI
+ cpx no matter whether they are aphyric or porphyritic.
Simple crystal fractionation ean account for sub-trends but not
for the complete compositional variation of the main basalts.
This is considered as resulting from fractionation in open
magma chambers which were repeatedly filled, mixed and
tapped. The decrease in Ti02 with height in each volcanic
episode indicates increasing magma input rate and shorter
residence time in the chamber, while the final reversal in
dicates the decline and cessation of activity. There is evidence
for widespread crustal contamination (1-4%) in the magma
chambers of the two lowest formations. Crustal contamination
of magmas on the way to the surface occurred sporadically
throughout both sequences. One case of magma mixing oc
curred when a Mg-rich basalt magma invaded the regional
main basalt magma chamber.

The Mg-rich basalts cannot be directly related to each other
or to the main basalts. A petrogenetic scheme is suggested
where the Mikis type basalt originated in, or contains an addi
tion from, an undepleted or enriched mantle source. All the
other magma types originated in a depleted mantle source by
varying degrees and possibly depths of melting. Increasing
degrees of mel ting are indicated for the types nephelinite 
enriched olivine tholeiite - main basalt parent - MORB type
basalt. The MORB type basalt mayaiso be produced by melt
ing of a residuum. The basalts of the third vo!canic episode
include another component of mantle or basaltic crust.

The three recorded vo!canic episodes are related to rifting
events during the break-up of the North Atlantic continent,
viewed as repeated attempts to straighten out a bend in the
original line of opening. The two first rifting events failed while
the third for a short while produced oceanic crust. Compared
to other regions of the North Atlantic volcanic provinee the
Scoresby Sund basalts are similar to basalts from Kangerdlugs
suaq, northern East Greenland, West Greenland, the Faeroes,
the Vøring Plateau and some basalts on lceland. The main
magma source for the North Atlantic province was similar to
that of the lceland hotspot, but enriched subcontinenal lith
osphere mayaiso have participated in the stage of initial rift
ing. A correlation for the vo!canic episodes throughout East
Greenland and the Faeroes is proposed.
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PART 1. GEOLOGY

Introduetion

The East Greenland Tertiary magmatic province
stretches from Kap Gustav Holm in the south to Shan
non in the north, a distance of approx. 1200 km (fig. 1).
General descriptions of the province are found in Haller
(1970), Brooks (1973), Noe-Nygaard (1974, 1976) and
Deer (1976).

In the region between Kangerdlugssuaq and Scoresby
Sund the magmatic activity gave rise to a 2-5 km thick
extensive cover of plateau basalts. Only the general
features of this basalt cover have been known for some
time, because the area presents severe logistic prob
lems: it is partly glaciated, the climate is harsh and the
topography rugged. It is thus of very difficult access.

During the years 1968 to 1972 The Geological Survey
of Greenland (GGU) conducted systematic geological
mapping of the Scoresby Sund fjord zone in East
Greenland between 700 N and 72°N with the aim of
producing geological maps at a scale of 1:100 000. This
area includes the northern extension of the plateau bas
alt cover. Because key areas to the basalt stratigraphy
were located south of 70oN, mapping was extended
southwards, in particular along the Blosseville Kyst in
1975 and 1978. Together with airborne reconnaissance
work in 1974 and 1980 southwards to 69°N this work
also provided data for the geological map 1:500 000
sheet 12, Scoresby Sund. The six 1:100 000 geological
maps covering the plateau basalts are 70 ø l S Kap
Brewster, 70 ø 2 S Vikingebugt, 70 ø 3 S Gåsefjord, 70
ø 4 S Vestfjord, 70 ø 2 N Kap Leslie and 70 ø 3 N
Rødefjord.

This bulletin presents the results of the systematic
investigation of the plateau basalts. It includes both
fjeld and laboratory work, the combination of which
have proved indispensible for deciphering the voicanic
history of the region. The field work was carried out by
W. S. Watt and M. Watt who established the six basalt
formations defined here. The petrographic, mineralog
icai and geochemical work, with the resulting subdivi
sions of the basalt formations, was carried out by L. M.
Larsen.

Previous work on the Scoresby Sund
basalts

The first geological observations from the area were
reported by the whaling captain William Scoresby

(1823) who collected samples from the lavas at Kap
Brewster. In 1891-92 the Danish East Greenland expe
dition led by C. Ryder investigated the Scoresby Sund
fjord system, and Bay (1896) published a short descrip
tion of the basalts and their substrata on Gåseland,
Milne Land and along the south coast of Scoresby Sund.
Bay also produced the first geological map of the area.
Further observations were made during the Carlsberg
fondets expedition to East Greenland led by G. Am
drup and N. Hartz in 1900, during which the Blosseville
Kyst from Kap Brewster to Kap Dalton was investi
gated, and the Eocene fossiliferous sediments at Kap
Dalton were discovered (Hartz, 1902). Geological and
petrographical descriptions of the basalts, and a sug
gestion of their division into two series, were given by
Nordenskjold (1907), while BØggild (1909) gave de
tailed mineralogical descriptions of some amygdale min
erals from the basalts. Holmes (1918) published the first
chemical analysis of a plateau basalt from the area,
which indicated that the basalts were what was later
called tholeiites.

The Scoresby Sund Committee's 2nd expedition in
1932 led by E. Mikkelsen investigated the Blosseville
Kyst from Kangerdlugssuaq to Kap Dalton. The general
geology and structure of the basalts of the Blosseville
Kyst were described by Wager (1934,1947) with accom
panying chemical analyses, and the geology of the Eo
cene sediments and underlying basalts at Kap Dalton
was described in detail by Wager (1935).

The British East Greenland expeditions in the 1930s
led by L. R. Wager and others investigated the Tertiary
rocks in the region centered on the Kangerdlugssuaq
fjord, while the Danish expeditions led by L. Koch in
the 19308 and 19508 were chiefly concerned with the
region north of Scoresby Sund, so that the region in
between, i.e. the present area of investigation, was for a
long time the least known part of the East Greenland
Tertiary magmatic province. Wenk (1961) described
basalt lavas, pyroclastics and dykes from Gåseland,
where the lava flows cover the deeply dissected crystal
line basement.

A petrological account of some of the basalts in the
Scoresby Sund area was made by Fawcett et al. (1973)
based on field reconnaissance by the Oxford University
expedition in 1965, and Brooks et al. (1976) reported on
the petrology of basalts from the Blosseville Kyst area.
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Works on specific properties of the basalts such as
palaeomagnetism and age incIude those of TarIing
(1967), Beckinsale et al. (1970), Hailwood et al. (1973),
Soper & Costa (1976), Soper et al. (1976) and Odin &
Mitchell (1983).

Previously published reports from the present map
ping are Watt (1969), Watt & Watt (1971), Watt et al.
(1972), Watt & Watt (1973), Watt (1975), Watt et al.
(1976), Watt & Watt (1979 and 1983), Watt & Wrang
(1984) and Watt et al. (1986). Larsen & Watt (1985)
presented some of the general conclusions from the
present work.

Regional setting

During Mesozoic time a N-S elongated sedimentary
basin developed in East Greenland, partly bounded by
faults towards the Caledonian and older high-Iying crys
talline basement to the west and east (Surlyk et al.,
1981). Sediments of this basin occupy extensive areas in
Jameson Land, immediately to the north of the basalts,
and are also found on Milne Land where they are partly
covered by basalts. Geophysical investigations (B. Lar
sen, 1980; H. C. Larsen, 1985) have indicated that the
sediments exposed on Jameson Land extend south be
neath Scoresby Sund to the southern shore where they
are covered by the basalts at depths of 20G-400 m below
sea level. A small exposure of Cretaceous sediments is
found below the basalts on the south side of Scoresby
Sund at Savoia Halvø (R. A. Fensome in Watt & Watt,
1983), but the extension of the sedirnentary basin to the
south, below the basalts, is unknown. Cretaceous to
lower Tertiary sediments underlie the basalts at Kanger
dlugssuaq (Deer, 1976; Nielsen et al., 1981) 400 km to
the south, and we believe that the sedimentary basin
may be continuous and underlie the whole eastern part
of the lava pile. This is supported by the occurrence of
methane, presumably sediment-derived, in the warm
springs in the lavas at Rømer Fjord on the Blosseville
Kyst, and the occurrence of migrated hydrocarbons in
the lavas on Savoia Halvø (Watt & Wrang, 1984). H. C.
Larsen (1984, fig. 7, and 1985, fig. 15) Iikewise invokes
Mesozoic sediments beneath the basalts along the Blos
seville Kyst.

The plateau basaltic vo1canism is related to the initia
tion of rifting and sea floor spreading in the North
Atlantic (e.g. Brooks, 1973). The age of the basalts is
bracketed biostratigraphically between Sparnacian and
Ypresian: a shale horizon in the lowest part of the
Lower Basalts in the Kangerdlugssuaq district contains
a microplankton flora referable to the late Paleocene
(Sparnacian; Soper, Higgins et al., 1976), while a shale
horizon in the Igtertivå Formation 300 m from the top of

the basalt pile at Kap Dalton contains a microplankton
flora of lowest Eocene age (Iowest Ypresian, Soper &
Costa, 1976). The post-basaltic Kap Dalton Formation
is of upper Eocene to OIigocene age (Ravn, 1933, Has
san, 1953, Birkenmajer, 1972).

Berggren et al. (1985) discussed the age of the East
Greenland basalts at some length. The basalts are con
fined to the nannoplankton zones upper NP 9 to NP 11
(Foraminifera zones P5-P6), which is correlated to geo
magnetic polarity chron C24. This correlation has aJso
been inferred by several previous authors who noted
that all the basalts are reversely magnetised (TarIing,
1967; Hailwood et al., 1973). The basalts were therefore
erupted in the approximately three million years time
interval between geomagnetic polarity anomaly 24 and
25 (C24R). Only the volumetrically insignificant Igter
tiva Formation and the associated coastal dyke swarm
may be normally magnetised and correlate with anom
aly 24 (C24N) (Larsen & Watt, 1985).

The time scale of Berggren et al. (1985) ascribes an
absolute age of 55.6-58.6 Ma for C24R. This is in con
flict with other time scale calibrations (TarIing & Mitch
ell, 1976, Butler & Coney, 1981, Curry & Odin, 1982)
who all ascribe younger ages from 49 to 56 Ma for
C24R, and the Berggren et al. time scale has been
challenged by Odin & Curry (1985). Radiometric dating
of the basalts themselves has not been very helpful: two
data sets exist, one giving ages of 55--60 Ma (Beckinsale
et al., 1970), and one giving ages of 48-53 Ma (Odin &
Mitchell, 1983). This discrepancy cannot be resolved at
present.

The basalt pile is thickest in the Kangerdlugssuaq
region and thins both northwards and westwards. Niel
sen & Brooks (1981) estimated the maximum thickness
in the Kangerdlugssuaq region as 7 km, compared with
a maximum stratigraphic thickness of 3.5 km for the
Scoresby Sund region. From Kangerdlugssuaq to Scores
by Sund the lavas cover approximately 80 000 km2 with
an average thickness of 1.5-2 km; this yields a total lava
volume of 1.2-1.6 X 105 km3 (Nielsen & Brooks, 1981).

Stratigraphic studies of the basalts have been made in
the Kangerdlugssuaq area by Soper, Higgins et al.
(1976) and Nielsen et al. (1981). Here, a Lower Basalt
Group is present which is around 2 km thick and con
tains lavas and tufts of picrites and olivine tholeiites,
strongly contrasting to the overlying 4-5 km of plateau
basalts. The correlation between the stratigraphy in the
Kangerdlugssuaq region and that in the Scoresby Sund
region established in this work, is tentative. Detailed
work is needed in the interjacent area south of 69°N.
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Stratigraphy

Field work

The investigated area covers approximately 40 000
km2 from Scoresby Sund southwards to 69°N. Of this
area, however, only 24 000 km2 in the northern part has
been investigated in detail (fig. 2). Exposure in the
northern and eastern part of the area is good (e.g. figs
14 and 16), but in the southern and western part more
than 90% of the total area is covered by permanent
snow and ice, leaving free only narrow, nearly vertical
strips along the sides of glaciers (e.g. fig. 26). The
majority of the fjeld work was based on helicopter
transport supported by work from boat, which made it
possibie to obtain a reasonable geographical as well as
stratigraphic coverage.

North of 700 N-the mapping was done on Geodetic
Institute maps at a scale of 1:200 000 enlarged to
1:50000; these also cover the Blosseville Kyst as far
south as Kap Barclay. For the inland areas south of
700 N the only maps available were AMS (American
Map Service) maps at a scale of 1:250 000. No vertical
aerial photographs were available at the time. Oblique
aerial photographs cover the coastal areas north of
70oN; only one mute existed south of 70oN. During
reconnaissance flights large numbers of photographs
were taken as an aid for the mapping.

Owing to the dissected and partly glaciated character
of the area, with many glacier tongues reaching from
the ice cap down to the coast, single lava flows can
usually only be followed laterally for short distances in
the fieid, and marker horizons are conspicuously ab
sent. The basalts were mapped by detailed measuring
and sampling of numerous profiles, and of correlation
between these of characteristic properties, such as phe
nocryst content and mode, flow thicknesses and mor
phology, colour and weathering appearance. In this way
characteristic flows and sequences of flows can be fol
lowed laterally over large areas. The field divisions

proved later to be good geochemical divisions, too. A
total of 52 000 metres of profile were measured dis
tributed over 130 traverses. The location and numbe
ring of these are shown on fig. 2.

General structure of the basalts

The general structure of the basalt pile in the Score
sby Sund region appears from the eross sections in Plate
1. The basalts are essentiaIly f1at-lying, with a regional
dip of 1/2-lOSE. They lap on to an elevated gneiss area
in the north-west, while their base drops below sea level
to·the east. A 10-30 km broad zone along the Atlantic

coast is extensively block faulted with downthrows to
the SE in excess of 1500 m.

Five basalt formations of regional extent are estab
lished: the Magga Dan, Milne Land, Geikie Plateau,
Rømer Fjord and Skrænterne Formations. A sixth and
youngest formation, the Igtertivå Formation, is only
preserved as downfaulted fragments al Kap Dalton.
The stratigraphic thickness of the lava pile is 3500 m.
Actual thicknesses are greatest at the Atlantic coast
(around 2000 m) and decrease inland to 1500 m around
Gåsefjord and to 300-800 m on Gåseland and Milne
Land.

Owing to the slight SE dip of the basalts, the lower
part of the basalt pile resting on the basement is only
exposed in the inner fjord region on Milne Land, Gåse
land and south of Gåsefjord. East of Terrassevig the
Magga Dan and Milne Land Formations have sunk be
low sea level, and the south coast of Scoresby Sund is
dominated by high, steep basalt cliffs of the Geikie
Plateau Formation. The middle part of the Geikie Plat
eau Formation is the lowest stratigraphic level exposed
along the northern part ofthe Blosseville Kyst (Plate l).
The overlying Rømer Fjord Formation tends to form a
snow or gravel covered plateau, while the Skrænterne
Formation forms steep cliffs. The Skrænterne Forma
tion forms the top of the basalt pile and is covered by
large areas of permanent ice on the Geikie Plateau. The
Igtertivå Formation in the downfaulted block at Kap
Dalton is not in continuation with the Skrænterne For
mation although the missing part is believed to be small.

The faulted area along the Atlantic coast hosts a 200
km long swarm of coast-parallel basalt dykes. In the
inland areas ENE-trending dykes occur in a bmad re
gion in Milne Land, Gåseland and south of Gåsefjord.

Geochemical work and chemically defined rock
types

The description of the chemical variations within the
large volume of basalts has required a large number of
analyses. For analysis, primarily Iong profiles with com
plete f1ow-to-f1ow sample coverage were chosen, sup
piernented with some shorter profiles to obtain good
areal coverage and with single selected samples of spe
cific basalt types. The location of the analysed profiles
appears from fig. 2. The investigation of the geoche
mistry of the basalts is based on amund 400 analyses of
lavas and 100 analyses of dykes.
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Table I. Represefllative compositions of lavas from Ihe Magga Dall and Mi/ne Land Formations

Magga Dan Formation Milne Land Formation

Profil. No. 63 63 65 V 38 59 8 59 59 72

aau No. 98641 98761 98788 96205 96913 98571 96403 98592 98600 98838
Type med-Ti high-Si high-5i Mikis Hjørnedal med-Ti high-Ti Ti-thol Ti-thol high-Si

SiD l 50.78 53.79 56.15 49.24 50.08 49.59 49.82 49.\1 49.21 52.13
TiO, 2.47 1.95 1.65 2.43 2.26 2.61 3.\1 3.85 4.28 2.97

AllO) 14.13 13.71 13.29 12.42 14.55 14.76 13.91 13.51 12.61 12.93
Fe,O, 1.54 1.35 1.36 1.59 1.47 1.63 1.64 1.90 1.94 1.57
FeO 10.30 8.98 9.10 10.61 9.83 10.90 10.93 12.64 12.94 10.47
MnO 0.18 0.16 na 0.17 0.17 0.19 0.18 0.21 0.20 0.17
MgO 6.87 6.85 5.99 11.23 8.09 6.29 6.64 6.03 5.44 6.81
CaO 11.01 10.oJ 9.10 9.57 10.91 11.13 10.80 9.76 9.82 9.59
Na,O 2.26 2.55 2.41 2.06 2.19 2.49 2.39 2.22 2.50 2.39
K,O 0.27 0.45 0.80 0.44 0.24 0.20 0.28 0.41 0.66 0.66

P20J 0.19 0.17 0.15 0.24 0.21 0.21 0.30 0.36 0.41 0.30

Mg ratio 0.543 0.576 0.540 0.654 0.595 0.508 0.520 0.460 0.428 0.537
FeO* 11.69 10.19 10.32 12.04 11.15 12.37 12.41 14.35 14.69 11.88

CJPW norm

Q 2.54 5.53 9.76 0.56 0.48 1.76 3.01 2.46 4.74
or 1.60 2.66 4.73 2.60 1.42 1.18 1.65 2.42 3.90 3.90
ab 19.12 21.58 20.39 17.43 18.53 21.07 20.22 18.78 21.15 20.22
an 27.61 24.64 23.08 23.34 29.16 28.51 26.40 25.69 21.23 22.60
di 21.17 19.67 17.36 18.29 19.26 20.92 20.75 16.89 20.61 18.89
hy 20.59 19.88 19.23 23.71 24.16 20.04 20.23 22.31 18.75 21.02
ol 7.15
ml 2.23 1.96 1.97 2.31 2.13 2.36 2.38 2.75 2.81 2.28
il 4.69 3.70 3.13 4.62 4.29 4.96 5.91 7.31 8.13 5.64
ap 0.44 0.39 0.35 0.56 0.49 0.49 0.70 0.83 0.95 0.70

All analyses have had tht oxidation ratio adjusted to Fc20/FeO = 0.15 and have been recaJculaled to 100'1, on a volatile-rree
basis. The original analyses are in appendix 2 and trace clement analyses in appendix 3.

98788: Pillow breccia wilh onhopyroxene phcoocryslS.
na NOL anaIvsed.
The various chemicaJ types are defined in Table 19.

eIaslie horizons where new lakes have been formed (fig.
6).

The hyaloelaslie deposils have a high eoneenlralion af
pillows and pillow fragmenls in lhe lower part af lhe
seelions wilh lillie glassy malrix IO give a pillow breecia.
Higher in lhe seelions lhe number af bloeks deerease so
lhal lhe upper parIS only eansisI af lhe fragmenled
groundmass. The hyaloelasliles may show a foresel bed
ding SlruelUre wilh nallened pillow wilh a eansiderable
dip (fig. 9).

Chemieal eomposiliolls. (Chemieal basalt lypeS are de
fined in Table 19.) Mosllavasoflhe Magga Dan Forma
lian belong IO Ihe medium-Ti type af Ihe main basalts
and have relalively uniform ehemieal composilians (fig.
3 and 72). They are all quarlz normalive. High-Si bas-

alls with 51-56% Si02are frequent, constituling five out
af nineleen analysed samples. and occurring al all Slra
ligraphie levels in Ihe formalion. In contra I IO mo l
high-Si basaliS from lhe laler formalions Ihose in lhe
Magga Dan Formalion have low TiO, contenl and high
Mg ral ios and cannol be relaled IO any af lhe four main
basalllypes. Represenlalive composilians are hown in
Table I.

Eruplioll siles. There is no direct evidence for the source

af Ihe Magga Dan Formalion in lhe form af feeders, bUI
lhe fael thaIIhe pre-basall lopography is 'elosed' to the
north. eombined wilh a norlherly eomponenl af dip af
lhe fOresel bedding in Ihe hyaloelaslie deposils. makes a
souree somewhere Io the south mosl likely. An airfall
luff in profile 63 has a elasl size lhal indieales an erup-
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fjord but dies out westwards, is just present an outhern
G seland as a basal now preserved in a pre-basallie
valley, and is not present an Milne Land in spite af the
relevant stratigraphic level being expo ed (fig. 13).
Eastwards it drops below sea level. Its normallhickness
is 25 m; but in several place it forms a pool-forming
now overlying the basement gneisses and therefore af
ten is considerably lhicker. It is aphyric, rather vesicu
lar, weathers easily and is aften scree-eovered.

Hjømedal marker flow. A single now forms a marker
horizon recognisable in the fieid. named after its Iypical
occurrence in Hjørnedal. In hand ample it is recog
nisable by up to 20% plagioclase phenocryst and by the
presence af phenocrysts af platy to acicular olivine crys
tals up to 5 mm in lenglh and relatively large pyroxene
phenocrysts. Morphologically the now is usually indis
tinguishable from ather nows af the formation. In pro
file 72 (western nunalak) there are two adjacent nows
af the same Iype.

The Hjørnedal marker overlie the Mikis type now
eilher direct ly ar wilh a single now af main basall be
Iween. It was ane af Ihe fir t now that almost com
pletely overnowed G seland. It is presenl in all profiles
Ihat cover Ihe appropriate stratigraphic level (Plale 2
and fig. 13). and it has a distribution as wide as Ihe
Milne L.1nd Formation ilself (Savaia Halvø disre
garded). Its average Ihickness is 25 m. A maximum
thickness af 70 m is reached in profile 17 (east af G se
fjord) where the now appears to have ponded. It is ane
af the largest nows known in the region (min. 285 km',
see Table 8).

We regard Ihe Hjørnedal magma as having been
formed by mixing af the Miki type magma with main
basall (med-Ti type) magma. as elaborated in Ihe later
discussion af magma mixing.

Savaia Halvø (Watt & Watt, 1983). On Savaia Halvøthe
nows immediately overlying the Upper Crelaceous
mudstones at Bopladsdalen are similar to Ihe nows af
the Magga Dan and Milne Land Formations IO the west.
and are indicated as Milne Land Formalion an the map.
The lowest 50 m is a series af now units, the mas ive
parts divided by horizons af vesicular basalt. and
capped by a Ihin grey-green baked shale. These have
petrographical characters similar to nows af the Magga
Dan Formalion. but since a definite slratigraphie corre
lation to the Magga Dan Formalion is impossible. they
are treated here along with Ihe Milne Land Formalion.

On top af these now units follow six porphyritic lava
nows wilh a total thickness af 100 m. ascribed to the
Milne Land Formalion. The boundary towards the
overlying 800 m Geikie Plateau Formation is marked by

a 5-6 m thick yellow sandstone horizon. The chemical
analyses (appendix, profile 126) are consistent wilh this
stratigraphy. all Ihe lavas below the sandsIane horizon
bcing quartz normative.

In hand sample the lowest now units overlying the
Crelaceous mudstones are all aphyric. Most af Ihe nows
af the Milne Land Formation have numerous to scat
lered plagioclase phenocry t af I IO 3 cm as e1usters
and single cry tals.

The interbasaltie sand lone is dominantly composed
af quartz wilh a few grain af feld par and basall.

The Milne Land Formation an Savaia Halvø only
outcrops an the ridge due wesl af the houses al Boplads
dalen (profile 126). Here there is a westerly dip af about
3° so that Ihe formation dips below sea level westwards,
and is quickly lost under permanent ice and landslips.

Erl/ption sites. o feeders for the lavas af Ihe Milne
Land Formation are known. The distribulion af individ
ual large IlIva nows (fig. 13) shows now termination
towards the NW in G seland and Milne Land and
make a source in the Gåsefjord region ar to the SE
most Iikely. A lephra layer in profile 71 (westernmost
nunatak) is within around 30 km from Ihe eruplion ite
(K. Å. Jørgensen, personal communication) which may
have been in Ihe Gåsefjord region.

BOl/ndades. The lavas af the Milne Land Formation
overlie everywhere those af the Magga Dan Formation
and Io Ihe north and west overlap direclly onto the
basemenl gneisses, nooding the pre-basallic relief an
G seland and Milne Land. On G sepynl and easlern
Milne Land the formation overlies Jurassic sand tones
af the Charcot Bugl and Kap Leslie Formalians.

On Savaia Halvø the lavas attributed IO the Milne
Land Formation overlie mud tone af Upper retacc
ous age (R. A. Fensome. personal communication.
1980).

The upper boundary af the formation is marked by
ane ar more nows characterised by Ihe pre ence af
numerous small aggregates af plagioclase phenocrysts
af 1-2 mm in diameter. An exception IO this i a mali
group af now . mostly westerly. but also an Milne
Land. which have charaelers more like Ihose af Ihe
overlying Geikie Plateau Formation but whieh are
placed in Ihe Milne Land Formation aeeording to Iheir
ehemieal eomposilion. In fig. 16, howing southern G 
seland. the upper boundary is e1early seen at adislanee.

The largely aphyrie lavas af the Geikie Plateau For
mation overlie the Milne Land Formation without any
signs af pauses in the volcanic activity.
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700 m. East of olglelscher and along lhe Blosseville
Kyst up to 750 m of lhe formation is exposed. and its
thickness is probably in the order of 1000 m.

The average thickness of the nows i about 20 m on
Milne Land and inerease in a fairly regular manner to
about 50 m on lhe Blosseville Kys!. Within lhis teady
increase in the average flow thicknesses there is a wedge
with lhinner now along the southem side of G sefjord
and a second wedge in the northem part of the BIosse
ville Kyst from Savoia Halvø to Turner ø. This could
suggest that lhere was more than one souree for the
nows of lhe Geikie Plaleau Formation.

Lirhology. The Geikie Plateau Formation eonsists al
most entirely of massive. beneh-forming nows of a very
uniform appearanee. Where the formation is fully ex
poscd the total number of nows or groups of now units
is 25-30 (Plate 2). and the average now thiekness is
around 35 m. Occasionally. panieularly in G seland
and Milne Land. the massive nows appear to have bro
ken up into groups of thinner nows or now units.

Typieal now of lhis formation have a lower massive
eolonnade. usually between 50 and 70% of the lotal
thiekness of the now. followed by an entablature whieh.
partieularly in lhe thieker now • may oceupy a mueh as
50% of the tOlal thiekness. and lopped by a vesieular
and often breeeialed or rubbly 10p. Nearly all Ihe nows
of this formation belong to the aa type. In some nows
there is a repetition with an upper and a lower colon
nade and in a few piaces a complete repetition of both a
eolonnade and an enlablature.

The lavas of the Geikie Plateau Formation are fine
grained and largely aphyrie in appearanee. However.
ingle nows or small groups of nows may eonlain scat

tered. most ly small. plagiodase phenocrysls. In profiles
in the northeastem part of the area (47-51) the propor
lion of porphyritie nows is higher than elsewhere and
henee gives the formation a somewhat differenl charac
ter.

Hyalodastie horizons oceur locally in the formation.
On Milne Land loeal hyaloelastie deposits are associ
ated with steep pre-basalt topography just as in the
preeeding formations. In the Vikingebugt area thick
hyalodastie horizons are found at several levels in lhe
lower part of the formation. One al 100 m above the
base is thiekest in the Vikingebugt area (> 25 m) and
Ihins towards the outhwes!. It ean bc followed over 25
km. Another horizan oceu.,; about 400 m above the
base and is marked by a terraee whieh can be followed
around Vikingebugt and Helgenæs. It thins towards the

W. S and E. The hyaloclastie material is finer grained
in the north (Kap levenson) lhan in lhe south. Lava
nows folIowing the hyaloclastie horizons are thieker

than elsewhere and even out the irregular top surfaee of
lhe hyaloclastite deposits.

A fealUre een in the steep walls of the southem part
of Vikingebugt i what eould be examples of old tunnels
in the sub-columnar top parts of the lava flows. These
'tunnels' are about 2 m across and marked by poor
columns swinging around "car circular area .

Many nows have thin bUI prominent briek red tops
consisting of lateritised. redeposited tuffaeeous mate
rial. They are relatively frequenl throughout the forma
lion. partielllarly on Milne Land. In cases the red eol
Duration has secped dawn inta the breccialed top zone
giving the whole a speekled purpie effeet from a dis
tance. Qlher interbasaltic sediments are rarc.

Chemical composirions. The lavas of the Geikie Plateau
Formalion belong almost exclusively to the four types of
main basalt (Table 19). Out of 150 analysed sample
there are one Mikis type basalt from low in profile 47
and one high-Si basalt from profile 39 in central G se
land. The lavas in lhe lower part of the formation are
usually quartz normative. while lhe lavas in the middle
and upper parts are olivine normative (fig. 3). Repre
sentative compositions are shown in Table 2.

S/lbdivisions. The Gcikie Plateau Formation shows a
systematic vertical development from titano·tholeiites
al the bouom to low-Ti basalt at the top. with a short
reversal to more Ti-rich lavas atlhe very top (fig. 17). In
detail. lhe variation i discontinuous (fig. 3 and fig. 72).
and the formation can be sub-divided into five units
from bouom to top: a litano-tholeiite unit. a high-Ti
unit, a med-Ti unit, a low-Ti unit, and a 'reversc' unit
with mixed chemi try. The lateral distribution of these
units appea.,; from Plate 2. They are particularly evi
dent in profiles from the western and central areas,

while the more easterly profiles show more mixed rela
lions of the high-Ti and medium-Ti units.

The units are purely chernically defined and cannot
be distinguished in the fieid. Their importance for the
interpretation of the voleanic history was outlined in the
earlier section on voieanic episodes. and lhey will also
bc discussed later.

Eruption sites. O dykes have been observed feeding
the lavas of the Geikie Plateau Formation. However.
the in land tholeiitic dykes that form a loose swarm on
G seland. Milne Land and south of Gåsefjord (fig. 32)
have chemical compositions identical to the lavas of the
Geikie Plateau Formation (see laler). These dykes are
seen cuuing the ba emenl. the Magga Dan. Milne Land
and sometimes lower Geikie Plateau Formations. and
we believe that lhey fed the lavas of the Geikie Plateau
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Table 2. Representative compositions of lavas from the Geikie Plateau Formation

Prafile No. 47 52 52 52 52 52 48 52 102
GGUNo. 98380 98497 98493 98480 98471 98464 98397 98511 215455
Type Mikis low-Ti low-Ti med-Ti med-Ti high-Ti high-Ti Ti-thol Ti-thol

Si02 50.47 49.49 49.23 49.27 49.14 49.07 48.82 49.31 48.09
Ti02 2.48 2.13 2.32 2.50 2.76 2.98 3.22 3.63 3.64
Al20 3 11.57 13.96 13.99 13.58 14.07 13.39 12.63 13.16 13.53
Fe20 3 1.62 1.64 1.70 1.70 1.68 1.88 2.08 1.78 1.85
FeO 10.85 10.92 11.31 11.34 11.18 12.49 13.85 11.93 12.36
MnO 0.18 0.22 0.22 0.20 0.21 0.21 0.24 0.19 0.21
MgO 10.73 7.04 6.62 7.00 6.82 6.48 5.59 6.21 5.97
CaO 9.33 11.78 11.81 11.60 11.58 10.62 10.42 10.38 11.03
Nap 2.02 2.36 2.41 2.34 2.15 2.30 2.42 2.53 2.55

KlO 0.54 0.29 0.20 0.25 0.20 0.31 0.43 0.54 0.41
P10 j 0.21 0.17 0.20 0.22 0.21 0.27 0.30 0.34 0.36

Mg ratio 0.638 0.536 0.510 0.525 0.521 0.481 0.419 0.482 0.463
FeO· 12.31 12.40 12.84 12.87 12.69 14.18 15.72 13.53 14.03

CIPWnorm

Q 0.69 0.71 0.62 0.93
or 3.19 1.71 1.18 1.48 1.18 1.83 2.54 3.19 2.42
ab 17.09 19.97 20.39 19.80 18.19 19.46 20.48 21.41 21.58
an 20.91 26.64 26.76 25.81 28.15 25.30 22.33 22.96 24.26
di 19.49 25.29 25.22 24.98 23.01 21.23 22.91 21.74 23.29
hy 30.96 16.60 16.80 18.67 20.61 22.46 21.30 19.51 15.67
ol 0.81 2.97 2.32 1.54 2.36
mt 2.35 2.38 2.46 2.46 2.44 2.73 3.02 2.58 2.68
il 4.71 4.05 4.41 4.75 5.24 5.66 6.12 6.89 6.91
ap 0.49 0.39 0.46 0.51 0.49 0.63 0.70 0.79 0.83

All analyses have had the oxidation ratio adjusted to Fep/FeO = 0.15 and have been recalculated to loollJo on a volatile-free
basis. The original analyses are in appendix 2, and trace elements analyses in appendix 3.

Most analyses are from the well-discriminated trends of fig. 72b.
The two titano-tholeiite analyses illustrate the difference between the quartz normativetitano-tholeiites at the bottom of the

formation and the olivine normative ones at the top.
The various chemical types are defined in Table 19.

Formation. This mayaiso be the case for some of the
dykes on Jameson Land.

Variations in the thicknesses of lava flows, with thin
ner flows along the southern side of Gåsefjord and from
Savoia Halvø to Turner ø, indicate that individual erup
tion areas may be centred on Gåseland and in the east
ern and south-eastern part of the Geikie Plateau.

Tuff layers with primary structures, from which the
distance to the eruption site can be estimated, have
been found on Milne Land (profile 10 lies within 15 km
from an eruption site), on central Gåseland (profile 39
lies within 30 km from an eruption site) and on the
south coast of Scoresby Sund (profile 46 lies within 50
km from an eruption site) (K. Å. Jørgensen, personal
communication).

In conclusion, the lavas of the Geikie Plateau Forma
tion seem to have been erupted over widely spaced

areas. Towards the SE the eruption sites cannot be
delimited because the relevant stratigraphic levels are
not exposed. Observations along the south coast of
Scoresby Sund indicate that dykes are indeed scarce
east of Vikingebugt (fig. 32), and it appears that the
major part of the eruptive activity was centred in the
inland regions, as with the preceding formations. It is
probable that the activity in the south-east increased
with time - the latest flows in the Geikie Plateau Forma
tion in the Kap Dalton - Rømer Fjord area have no
counterparts in the inland areas (Plate 2: titano-tholei
ites in profile 102) and are considered local eruption
products.

Boundaries. The Geikie Plateau Formation conform
ably overlies the Milne Land Formation except in cen
tral Milne Land, where it rests directly on the crystalline
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Table 3. Representative compositions of lavas from the Rømer Fjord Formation

Profile No. 55 48 102 74 106 104 74 55 102
GGUNo. 98549 98392 215464 98871 215529 215484 98873 98547 215459
Type MORB MORB l.e.u. l.e.u. u.e.u. u.e.u. high-Ti Ti-thol Ti-thai

Si02 49.32 49.49 48.33 48.20 48.13 47.65 48.23 47.66 47.69
Ti02 1.17 1.72 1.99 2.26 2.64 2.91 3.15 4.12 3.60
AI20 3 14.82 14.71 13.88 13.59 14.38 14.44 14.09 13.19 13.35
Fe20 3 1.38 1.61 1.49 1.58 1.59 1.68 1.80 1.98 1.82
FeO 9.22 10.77 9.94 10.55 10.59 11.26 11.98 13.21 12.15
MnO 0.17 0.18 0.18 0.19 0.18 0.19 0.17 0.21 0.23
MgO 9.60 6.61 9.62 9.17 7.75 7.81 6.59 6.01 6.93
CaO 12.59 12.32 12.27 12.03 11.67 11.57 10.93 10.38 10.77
Nap 1.58 2.35 1.95 2.02 2.47 1.93 2.48 2.36 2.47
K20 0.07 0.12 0.20 0.21 0.32 0.26 0.29 0.46 0.62
Pps 0.074 0.12 0.16 0.19 0.27 0.29 0.28 0.41 0.36

Mg ratio 0.651 0.524 0.633 0.608 0.566 0.553 0.495 0.448 0.504
FeO· 10.46 12.22 11.28 11.97 12.02 12.77 13.60 14.99 14.99

CIPWnorm

Q 0.10
or 0.41 0.71 1.18 1.24 1.89 1.54 1.71 2.72 3.66
ab 13.37 19.88 16.50 17.09 20.90 16.33 20.99 19.97 20.90
an 33.14 29.23 28.53 27.40 27.21 29.97 26.46 24.04 23.51
di 23.49 25.70 25.45 25.32 23.69 20.94 21.43 20.56 22.72
hy 21.34 15.54 12.42 13.19 9.03 18.69 16.63 20.97 12.12
ol 3.87 3.05 9.61 8.73 9.34 3.90 3.54 6.77
mt 2.00 2.33 2.16 2.29 2.31 2.44 2.61 2.87 2.64
il 2.22 3.27 3.78 4.29 5.01 5.53 5.98 7.83 6.84
ap 0.16 0.28 0.37 0.44 0.63 0.67 0.65 0.95 0.83

All analyses have had the oxidation ratio adjusted to Fe20/FeO = 0.15 and have been recaleulated to 100070 on a volatile-free
basis. The original analyses are in appendix 2 and trace element analyses in appendix 3.

The two MORB type rocks represent the least and the most differentiated part of the trend in fig. 72.
l.c.u. = lower compound unit.
u.e.u. = upper compound unit.
98873 and 98547 come from the 'big feldspar divide' between the lower and upper compound units (Plate 2). They have 7.5070 and

4070 phenocrysts. respectively.
215459 is froma titano-tholeiite sequence at the bottom of the formation in profile 102.
The various chemical types are defined in Table 19.

tionally, it has been possibie to divide this relatively thin
formation into a number of units, as shown on Plate 2.
The compositional groups except the nephelinite appear
from fig. 72.

In the eastern region the lowest lavas are a sequence
of sparsely-porphyritic thin flows which morphologi
cally form a grey, rubbly sequence, but which composi
tionally are titano-tholeiites. This unit is not present in
the inland region.

The nephelinite tuff at the bottom of the formation
east of Sydbræ (profile IV) is another separate unit. A
tuff layer in the upper part of the formation in profile
117 contains a strongly alkaline component, but there is
no connection between the two occurrences, these be
ing 120 km apart and at different stratigraphic leveis.

Being of local origin it is possibie that more nephelinites
exist and may be found in the future.

The lower compound unit is a rubbly sequence of
grey, compound flows of olivine tholeiite. It is thickest
in the inland region where it forms the lowest lavas of
the formation, and it thins towards the coast where it
overlies the lower titano-tholeiites with slight or no
morphological contrast. The unit is absent in the east
ernmost region (Savoia Halvø and surroundings), which
is dominated by titano-tholeiites.

The overlying 'big feldspar divide' of one or two
massive, brown, strongly porphyritic lavas in the middle
of the formation consists of high-Ti basalts and titano
tholeiites, and a single flow is either not very wide
spread or strongly compositionally heterogeneous.
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Above the 'big feldspar divide' follows another rub
bly sequence of grey, compound flows. This is divided
into two units with strongly contrasting chemicai com
positions, the upper compound unit and the MORB
type unit (Plate 2). The upper compound unit occurs
both in the coastal and inland regions, but thins towards
the west. The lavas form a distinct compositional group
in fig. 72; because they have Mg ratios below 0.57 they
classify strictly speaking as medium-high-Ti basalts.
They have, however, higher Mg ratios than all other
main basalts with similar TiOz contents, and we con
sider that they are differentiated olivine tholeiites.

The MORB type unit is a sequence of a few grey,
rubbly flows that form the top of the formation in three
inland profiles (VII, 48 and 55). The lavas have rather
variable differentiation states, with Mg ratios of 0.52
0.65, and they all have markedly low contents of TiOz,

PzOs and alkalies (fig. 72).

Eruption sites. The various units of the Rømer Fjord
Form...ation appear to have been erupted from different,
widely spaced centres, with the major activity concen
trated towards the Atlantic coast relative to the under
Iying formations.

At the bottom of the formation, the titano-tholeiites
of the Kap Dalton - Rømer Fjord area are not found
elsewhere and must have been erupted locally like the
preceding ones in the Geikie Plateau Formation.

The nephelinite tuff at the bottom of the formation
east of Sydbræ was forrned by explosive activity from a
local vent which has not been identified, but which must
be situated within the confines of the 20 kmz ash layer.

The lower compound unit is thickest in the Vikinge
bugt area (profile 48) and is not present west of Sydbræ.
To the east it thins rapidly from Rømer Fjord towards
Savoia Halvø where it is completely absent. It thus
appears to have a shield-Iike form, and eruption sites
are inferred to be in the Vikingebugt - Kap Dalton
area.

Eruption sites for the 'big feldspar divide' are more
unconfined and may be scattered over the region. The
big feldspar basalts are thick and prominent on Savoia
Halvø where they form the base of the formation, but it
is not clear whether this indicates proximity to an erup
tion site or is an effect of ponding.

The upper compound unit is not present west of Vi
kingebugt. Its maximum thickness is reached in the east
Geikie Plateau - Rømer Fjord area where the eruption
sites were probably located.

The MORB type unit is only found in three inland
profiles (VII, 55 and 48) situated along a 100 km long
NE-SW line parallel to the strike of the basalts. The
small volumes of this basalt type are believed to have

been erupted along this line, if not from the same site
then at least from the same reservoir.

Boundaries. The base of the Rømer Fjord Formation
marks a break in the magmatic activity in the region. A
slight disconformity is marked by a sedimentary horizon
of sandstone or siltstone of variable thickness. This is
best developed in the Blosseville Kyst area where it may
be up to 5 m thick and contain leaf imprints of a Cerci
diphyllum-Metasequoia assemblage (W. Friedrich, per
sonal communication, 1985). Actual erosion of the un
derlying Geikie Plateau Formation has not been seen,
and if present ean only have been slight. In the inland
areas the sediment horizon is often absent, and the lavas
of the Rømer Fjord Formation overlie directly those of
the Geikie Plateau Formation.

The upper limit is marked by a change from the
vesicular thin grey lavas to the thick, massive, red
brown weathering porphyritic flows of the Skrænterne
Formation. Where the grey lavas are absent, as in pro
file 76 east of Magga Dan Gletscher, the brown feld
spar-phyric lavas of the Rømer Fjord Formation may
still be discerned from the formations above and below
by their coarser grain size.

Skrænterne Formation

new formation

General. Lavas from this formation were described by
Watt et al. (1972) whose 'upper grey series' in the
present work is the lower part of the low-Ti unit in the
middle of the formation. The formation was described
by Watt & Watt (1973) as markedly porphyritic, and by
Watt et al. (1976) as an upper mainly porphyritic se
quence. It was provisionally termed formation 5 by
Watt & Watt (1983), and Skrænterne Formation by
Larsen & Watt (1985) and Watt et al. (1986).

Name. From the mountain ridge Skrænterne that forms
a series of nunataks on the Geikie Plateau.

Type profile. Profile 104 (Bartholin Bræ) (fig. 24).

Reference profiles. Profiles 44 (Skrænterne), 55 (upper
Sydbræ), 77 (Gronau Nunatakker), 112 (Kap Dalton
Valley) (fig. 24).

Analysed profiles (number of analyses): 44 (16), 48 (1),
55 (8), 74 (6), 76 (3), 77 (4),104 (19),106 (3),111 (9),
112 (25),117 (129, not included in diagrams).
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Tabte 4. Representative composiliolls of lavas from ,he Skrællterne and Igtertiva Formations

Skrænterne Formalion Igtcnivå Fm

Profile o. 112 104 55 104 44 III 55 94a 91
GGU No. 215633 215501 98561 215495 98286 215605 98559 116382 116347
Type low-Ti med- med- med- med-

low·Ti low-Ti high-Si high-Ti high-Ti high-Ti Ti-lhol Jow-Ti high-Ti

Sia, 48.89 49.28 5\.SO 48.82 49.34 48.76 47.68 49.72 49.12
TiOz 1.93 1.79 1.98 2.62 2.55 3.27 4.37 2.09 3.06
AlJO) 15.12 14.74 14.26 14.33 13.38 13.28 12.44 14.18 13.91
Fe,O, 1.64 1.67 \.SO 1.69 1.89 1.86 2.10 1.66 1.88
FeO 10.95 11.14 10.00 11.24 12.56 12.45 13.97 11.01 12.50
MnO 0.15 0.19 0.18 0.18 0.24 0.17 0.22 0.20 0.23
MgO 6.96 6.70 6.53 6.77 6.38 6.08 5.47 6.23 5.58
Cao 11.92 11.80 10.94 11.45 10.60 10.99 9.98 11.75 10.32
Na,O 2.10 2.30 2.50 2.00 2.47 2.46 2.70 2.53 2.73
K,O 0.16 0.23 0.43 0.28 0.37 0.35 0.63 0.40 0.28
flO, 0.17 0.15 0.17 0.23 0.23 0.32 0.44 0.23 0.38

Mg ratio 0.531 0.517 0.539 0.518 0.475 0.465 0.412 0.503 0.444
FeO· 12.43 12.64 11.35 12.76 14.26 14.12 15.86 12.50 14.19

CIPWnorm

Q 1.93 0.11 0.32
or 0.95 1.36 2.54 1.65 2.19 2.07 3.72 2.36 1.6S
ab 17.77 19.46 21.16 20.31 20.90 20.82 22.85 21.41 23.10
an 31.36 29.22 26.42 27.50 24.33 24.16 19.96 26.15 24.87
di 22.00 23.44 22.03 22.92 22.22 23.45 22.24 2S.36 19.85
hy 19.18 16.97 19.59 16.53 21.36 19.74 16.68 IS.27 20.78
ol 2.30 3.37 3.13 0.90 2.18 2.S4
ml 2.38 2.42 2.18 2.45 2.74 2.70 3.04 2.41 2.73
il 3.67 3.40 3.76 4.98 4.84 6.21 8.30 3.97 S.81
ap 0.39 0.35 0.39 0.53 0.53 0.74 1.02 0.S3 0.88

All analyses have had the oxidation ratio adjusted to Fc10/FeO = 0.15 and have been recalculatecl to lOOfJ, an a voJalile-free
basis. The original analyses are in appendix 2 and trace element analyses in appendix 3.

The lower. middlc and upper units af the Skrænterne Formalion are represented by samples 215495. 215633 and 215501, and 98286
and 2156OS, respectively.

Thc high-Si now bclongs to Lht middle unit. and tht Ti-thoJeiitc flow occurs an top af (hc lowcr unit.
The various chcmical types are defined in Table 19.

ubdivisiol/s. The Skrænlerne Formation has been di
vided into Ihree unils based on the TiO,-conlenl of the

lavas. The laleral distribution of these units appears
from Plale 2. The unilS are purely ehemieally defined

and cannol be dislinguished in the fieid. The analogy to
thc subclivisions in thc Gcikie Plateau Formation is evi·
denI from fig. 3 and Plale 2.

The lower Unil consisIs of med-high-Ti basalls and
one Oow of litano-Iholeiile. Immedialely below lhis
Oow occurs a lava Oow wilh high Mg ralio compared to

Ihe olher Oows in Ihis unit. and a Oow wilh this fealure
is presenl at lhe same slratigraphie level in all five
analysed profiles. If Ihis is one lava Oow, it has covered
an mea or at least 2400 km2• Thc rive analyses are
indicaled in fig. 72.

The middle unil consisIs with a few exeeplions of
10w·Ti basall. Within thi unit, profile 55 and 74 both
eonlain a very Ihiek (> 7(}...IOO m) high-Si Oow, obvi
ously one and Ihe same. Profile 112 eontains a very
similar Oow at the same stratigraphie level (Platc 2), bul
due Io Ihe dislance Io Ihis profile (80-90 km) and lhe
absence of high-Si basalls in Ihe inlervening profile 44
and 104. wc cannOl know whether Ihis is the same or
anolher now.

The upper unil i a sequence of med-high-Ti basalls
which compared to Ihose in Ihe lower sequenee have
generally lower Mg ratios and trend toward higher
TiO, conlenIs in the upper pUlS (profile 111). The unit
also conlains 1-2 Oows of lypieal low-Ti ba alt.
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Tabte 5. Represellwrive composiriolls o[ dykes

Region Inland dykes Coaslal dykes

GGUNo. 96930 96812 167115 98890 167106 215507 215535 98341 215577
alkali med- med- alkali-rich

Type low-Ti med-Ti hi8h-Ti Ti-lhol basalt low-Ti hi8h-Ti high-Ti basal.

Si01 49.15 49.12 48.93 47.75 45.18 49.09 49.24 49.84 50.21
TiO: 2.12 2.31 2.97 4.51 5.15 1.76 3.05 2.66 2.44
AI,O, 14.07 14.10 13.56 12.35 14.37 14.14 12.98 13.44 13.23
Fe,O, 1.62 1.64 1.80 2.08 1.85 1.S1 1.93 1.96 1.84
FeD 10.83 10.99 12.01 13.87 12.29 10.48 12.91 13.03 12.26
MnO 0.19 0.19 0.20 0.25 0.19 0.21 0.23 0.20 0.22
M80 7.17 6.96 6.36 5.61 5.58 7.10 5.51 4.86 5.69
Cao 12.05 11.96 11.09 9.86 10.30 12.38 10.47 10.41 9.53
NalO 2.35 2.29 2.41 2.41 3.38 2.26 2.14 2.19 3.15
K,O 0.28 0.22 0.38 0.79 0.15 0.26 0.59 0.50 0.51
PIOj 0.18 0.22 0.28 0.52 0.96 0.17 0.35 0.32 0.26

Mg ralio 0.514 0.530 0.486 0.419 0.448 0.541 0.433 0.400 0.453
FeD* 12.29 12.47 13.63 15.14 13.96 11.89 14.65 14.19 13.92

CIPWnorm

Q 0.44 0.53
or 1.65 1.30 2.25 4.67 4.43 1.S4 3.49 2.95 3.31
ab 19.88 19.38 20.39 20.39 25.12 19.12 23.18 23.60 31.73
an 21.01 27.54 25.06 20.55 21.82 29.30 21.37 22.67 11.58
ne 1.S6
di 26.00 25.01 23.28 20.79 18.98 25.53 23.59 22.55 23.32
hy 13.74 17.10 19.49 20.38 12.95 17.59 19.06 5.22
ol 4.91 2.39 0.62 12.80 5.56 1.37 10.87
ml 2.35 2.38 2.61 3.02 2.68 2.28 2.80 2.84 2.67
il 4.03 4.39 5.64 8.57 9.78 3.34 5.79 5.05 4.63
ap 0.42 0.51 0.65 1.20 2.22 0.39 0.81 0.74 0.60

All analyses have had the oxidation ratio adjusted to Fe10 JfFeO = O.IS and have been recalcuJated to 10001.00 a volatile-frec
basis. The original analyses are in appendix 2 and uace element analyses in appendix 3.

ote the difference between tht Ti-rich Si-undersalUrated alkali basalt 167106 from Gåseland and tht alkali-rich hypersthene
nonnative basalt 21S577 from tht Blosseville Kyst.

98890: MoO was not analysed in this sample. The value given here is estimated by comparison with a similar dyke (215638).
The various chemical types are defined in Table 19.

Blosseville Kyst is lhe swarm of dykes parallel to the
coast up IO 30 km inland. The coaslal dykes have been
largely invesligaled from aerial reconnaissance (Watt_

1975). and to the soulh of Kap Dalton there are no
ground observations. While many individual dykes may
be overlookcd and thcir dctailcd dircctions inaccuralc,
lhe general represenlation of the swarm in fig. 32 should
bc corrccL

The orientation and width of lhe coastal dykc swarm
varies from soulh IO north. At Søkongen Bugl (68"N)
the swarm is narrOW. but north thereof il rapidly widens
SO lhal al 69" il has attained its full widlh of 30 km (fig.
32). The swarm is weakly arcuate, Irending 30" in Ihe

south_ 40" in lhe middle between Barclay Bugl and Kap

Dalton. and 60-65° in Henry Land and Turner ø. so
that north-easl ofTurner ø the swarm swings out to sea.

Manby Halvø is o badly exposed that any possible
dykes are covered by drift. At teward ø "nd avoia
Halvo Ihere are no dykes.

The dykes are generally 5-25 m wide. and individual
dykes are only continuous over a few kilornelres. In
addilion lO the swarm that ciosely follows the coast
smaller dykc group- and single dykes have olher trends.
In Ihe southern part of lhe area there are dykes trending
150-170" and 90"_ the latter being cul by lhe first. At
one locality al Barlholin Bræ" 90" dyke of approxi
l11ately 30 111 lhickness al glacier level appears IO lhin
and die out upwards. Two dykes on Henry L"nd have an
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General features

Tectonics

The general slruelure of the region soulh af Seoresby
Sund appears from Plate l. Over the greater part af the
area \Vest af an approximatcly 30 km wide cO<lstal strip
lhe basalts are essentiaIly nal-Iying and unfaulted with a
weak regional dip 1/2_1· E. In eonlrast along the Al
lanlie eoast lhere is a 10-30 km wide zone af bloek
faulting extending from Kap Brewster in the NE to Kap
Dallan in the SW. The teelOnie patlern here is very
different from lhat af the eoastal zone further south
lowards Kangerdlugssuaq, where Wager & Deer (1938)
described il gradual coastal flcxurc. This was 13ter rein
lerpreled as a system af anliIhelie faults ( ielsen &
Brooks. 1981).

Illlaml regiall

Wilhin the largely undisturbed inland area seetions
across Gåsefjord (Plale I, seetions 4 & 5) show that a
NE-SW trending fault appears lO be silualed in outer
G, sefjord with downthrows IO lhe SE af 2Q0-400 m.
This eould be a soulherly eontinuation ar offshoOl af the
main boundary fault between lhe gneiss highland and
the edimcntary basin that runs through eastern Milne

Land in a SSW direelion (ef. Geological map af Green
land I: 100 000. Kap Leslie). An extension af lhe fault
may continue into inner Gåsefjord , but as shown in

seelion 6 there is no discernable vertical displacement.
However, there is a slight difference in dip af the basalt
nows an the two sides af the fjord. If lhe interpretalion
of the fault along Gåsefjord is correct il indicales lhal
thcre must have been al least minor mavernent along

tllc boundary fault also in Tcrtiary time. There is 110 sign
af a more direcl SSW continuation of the boundary fault
outh f Scoresby Sund wilh lhe possibie exception af a

weakness zone along Ihe major glacier af Sydbræ with
no discernable displacement.

Coastal zOlle

In lhe coastal region between Kap Brewster and Kap
Dalton an up IO 40 km wide ZOne af faulting extends
'dang the Atlantic coast with a generalIrend of 400. In a
zone close to the unfaulted in land area the downlhrows

are small and lhe inciination af the basalts almost un
altered. In an intermediale zone. starting approximalely
at lhc hcads af lhe fjords, the basal IS generally dip
in land up la IO· and may be broken up into smaller
blocks. In lhe oulermosl zone the ba ahs are tilted

seawards up lo 500 in a series af block faulls which tend
IO follow an en echelon pallern sideslepping IO lhe SE.

The fault planes are normally at righl angles to lhe
lava now as are lhe dykes. The faulting seems lo reach
a maximum magnitude in lhe Kap Dalton 'lild lhe Kap
Brewstcr arc'ls. These lWO areas. important to the un

derstanding of bOlh structure and straligraphy. are dis
c.:ussed scpanalcly belaw. Only in these (Wo areas is the
main fault exposed. which caused the foundering af the
intcrjacenl coastal region. Thc two f,reas arc also the
keys to the interpretalion af the stratigraphic relation
ship between the lavas and lhe overlying sediments
which fonn a termination of the vo!canic activity in the
region.

As indicated above lhe teclOnic pallern changes
markedly south af Kap Dallon where the eoastal zone
has lhc appearancc of a steadily dipping mass.

Kap Daltoll area. Al Kap Dallon lhe main fault is
exposed 5-7 km west af the point af lhe peninsula
where il forms a marked easterly faeing esc"'pment. It
ean bc followcd north~eastwards across the promontory
to lhe north af lhe Kap Dalton peninsula. trending
approx. 40·. Apart from local fault drag (fig. 34) causing
uplurning af the adjacent lavas IO dips af up to 400, lhe
succession to lhe west af lhe main fault i almosl nal
Iying with a north-westerly dip af 3· (fig. 30). To the east
of the main fault lavas of the Igtertivå Formation are
downthrown in a 3-5 km wide graben IO the levelof the
upper part af the Geikie Plaleau Formalion indicating a
displacemenl in excess af 1500 m. The lavas in the
graben show a Ilorth-weslerly dip af 5-10·, sleepesl in
the south~eastcrn arc~l, and are further broken into
smaller blocks after lhe deposition af the overlying sedi
ment. The graben is bounded towards the SE by a fault
through lhe peninsula 2 km from the point, with down
throws to lhe NW. The lavas an the outer part af the
peninsula. nanking lhe graben, have nOrlh-westerly
dips af 15-200 and belong to the upper unit af lhe
Skrænterne Formation (profile II, Plate 2). The relative
downthrow af the graben al the SE boundary fault may
lhus only be a few hundred metres, but lhe bounding
block lo the SE is itself downfaulled around 1400 m
relative to the main land.

The faults an bOlh sides af lhe graben are accompa
nied by crush zones up la 500 m in widlh with carbonale
mineralisation along lhe fault planes.

Swarms of dykes cul the lavas an both sides af lhe
graben. but are conspicuously absenl from the graben
ilself. With an approximate lrend af 700 a number af





in hyaloclastic deposits. The minerals are either massive
or form large, well-shaped crystals where there are open
spaces allowing growth. Chabazite (several habits),
analcime, calcite (both as Iceland spar and dog-tooth
spar), heulandite and stilbite frequently have well-de
veloped crystal forms easily recognisable with the eye or
hand lens. The folIowing list gives the secondary miner
als that have been recognised during the field work in
the area, with an estimate of their frequency. The field
identifications were later supplemented with refractive
indices measurements and a few X-ray determinations.

Zealites Nan-zealites

analcime a apophyllite o
chabazite va aragonite
heulandite va ca1cite a
levyne c celadonite c
mesolite/scolecite va chalcedony/opal va
mordenite c quartz va
phillipsite r
stilbite va
thomsonite a

va = very abundant, a = abundant, c = common, o = occa
sional, r = rare.

No attempt has been made to divide the mesolitel
scolecite group in the fieid.

The lavas in Scoresby Sund have a dominance of
quartz normative flows in the lower part (Magga Dan,
Milne Land and lower Geikie Plateau Formations)
while the middle and upper part (most of Geikie Plat
eau, Rømer Fjord, Skrænterne and Igtertivå Forma
tions) are almost exclusively olivine normative. The
secondary mineral assemblages in the quartz and olivine
normative sequences show differences corresponding to
Walker's (1960) distinction between 'tholeiites' and
'olivine basalts' in eastern Iceland. The quartz norma
tive flows contain dominantly secondary silica minerals,
but in contrast to Iceland there are also critical zeolite
minerals as chabazite, thomsonite and analcime pre
sent, probably because the quartz normative lavas,
apart from somewhat higher silica contents, do not
show gross compositional differences from the olivine
normative lavas. The presence of these zeolites have
allowed the zeolite zones established in the olivine nor
mative sequence to be tentatively extended over the
whole basalt area.

In the lower, quartz normative, part of the sequence
dominating the inland areas chalcedony and quartz are
the common secondary minerals. Concentric zones of
chalcedony or chalcedony and quartz are common in
the vesicles, and mushroom-shaped forms are charac
teristic in certain places. Water level agate is known in

43

one locality on Milne Land. Calcite is a common associ
ate, and aragonite appears to replace calcite in the
higher leveIs. Chabazite, thomsonite and analcime are
subordinate.

Zeolites dominate the secondary mineral assemblage
of the middle and upper, olivine normative, part of the
succession. Chalcedony and quartz occur sporadically,
and calcite is frequent in some profiles. A zeolite zona
tion similar to that established by Walker (1960) on
eastern Iceland is evident. In the lower parts of the
succession many species of zeolite are present, and the
number of species decreases with height. An abundance
of mesolite-scolecite characterises the lower part of the
succession, corresponding to Walker's mesolite-scole
cite zone. Thereafter follows an analcime zone with
often large well-formed crystals of analcime. The lower
boundary of the analcime zone is not well marked,
while its upper boundary is better defined by the disap
pearance of analcime and the dominance of chabazite,
marking the beginning of Walker's chabazite-thomso
nite zone. In this zone chabazite is frequently accompa
nied by discrete cushions of thomsonite. Levyne is also
a characteristic mineral of this upper zone, while stilbite
and scolecite may occur exceptionally. Zeolites are pre
sent up to the top of the sequence, but the intensity of
zeolitisation is small at the top, and there are many
empty vesicles. The top thus just reaches the zeolite
free zone of Walker (1960).

The zeolite zones are approximately horizontal and
thus cut through the formation boundaries. At the Gei
kie Plateau, where the zones are best delineated, the
mesolite-scolecite zone is minimum 700 m thick and
reaches from sea level to 700-800 m a.s.1. The analcime
zone is 100-200 m thick with the upper boundary
around 900 m a.s.l., and the chabazite-thomsonite zone
is 1000 m thick, covering the level from 900 m to the
plateau top at 1900 m a.s.1. This is the height of the
boundary towards the zeolite-free zone that is missing.
In terms of formations, the Geikie Plateau Formation
around the Geikie Plateau is thus mainly in the meso
Iite-scolecite-analcime zone, while the Skrænterne For
mation is mostly in the chabazite-thomsonite zone. The
boundary at 900 m cuts the Rømer Fjord Formation
around Borgvig (Plate 1). At the Blosseville Kyst the
picture is obscured due to the intense faulting and dyk
ing.

The zone boundaries are much less marked in the
quartz normative basalts in the inner fjord region. The
Magga Dan and Milne Land Formation lavas around
Gåsefjord have scolecite and appear to be in the meso
lite-scolecite zone. Analcime occurs very scattered up to
1100 m in Gåseland and 1300 m in Milne Land. A
definite analcime zone is not present. Almost all the



44

basalts on Gåseland and Milne Land are in the chaba
zite-thomsonite zone, including the whole Geikie Plat
eau Formation and most of the Milne Land Formation
(Plate 1).

The near horizontal zeolite zones indicate that the
zeolitisation took place atter the main tilting of the lava
sequence, and that the event had a regional character.
an the other hand, the zeolitisation took place before
the erosion planed the sequence down to its present
level. It the Skrænterne Formation ever reached north
west of Gåsefjord it must have been in a rapidly thin
ning wedge, leaving all af the Geikie Plateau Formation
there in the chabazite-thomsonite zone.

Remnants of alocal area with hydrothermal activity
are found at the bottom of Gåsefjord, where profile 87
shows intense zeolitisation and hematitisation.

At the Blosseville Kyst there are at present warm
springs (4G-60°C) at Rømer Fjord and Henry Land.
These springs are local aquifers in the faulted terrain
and are not forrned by hydrothermal activity at an in
creased geothermal gradient.

Temperatures for the zeolite zones on Iceland have
been established by Kristmannsd6ttir & T6masson
(1978) and Pålmason et al. (1979), and extended to
low-temperature areas by Kristmannsd6ttir (1982). Us
ing these data it is possibIe to calculate the geothermal
gradient at the Geikie Plateau during the zeolitisation of
the basalts. Two points are fixed on the geotherm: the
top of the chabazite zone at 1900 m and 30°C, and the
bottom of the chabazite zone at 900 m and 70°C. This
gives a geothermal gradient af 40°C/km. Assuming a
linear gradient this places the top of the laumontite zone
at lIO°C 100m below sea level. Further, assumption of
a warm temperate c1imate with 15°C as mean annua!
temperature places the top of the lava pile at 2275 m.

This means that alittie less than 400 m of lavas have
been lost by erosion. It the geothermal gradient was not
linear this figure decreases, perhaps to around 200 m.
The lost lavas are mainly of the Skrænterne Formation;
and the three units of this formation probably originally
extended further to the north-west. It is also possibIe
that there was an independent overlying sequence of
alkaline lavas in the inland areas, as known from Prin
sen af Wales Bjerge (Anwar, 1955). PossibIe feeder
dykes are present around the bottom of Gåsefjord.

The calculation of the geothermal gradient is subject
to some uncertainties, the (argest of which is the tem
perature at which zeolites stop forming. A maximum
gradient is obtained by setting the top of the laumontite
zone at lIO°C as high as possible, i.e. at Om. This gives
a maximum gradient of 44°C/km and a missing lava
sequence of 240 m for a linear gradient. A possibIe
minimum gradient is obtained by using a temperature of
40°C for the cessation of zeolite formation. This gives a
minimum geothermal gradient of 30°C/km and a missing
lava sequence of 830 m which seems excessive. The
calculated gradient of 40°C/km is considered the most
realistic.

Lava volumes

Calculated volumes of the basalt formations

Volumes for the successive lava formations have been
calculated for the area north of the line A-D in fig. 35,
and results are shawn in Table 6. Because thicknesses
vary, each formation was divided into a number of
sectors whose volumes were calculated independently
and summed up. The average thicknesses in Table 6
were calculated as total volume/total area.

Table 6. Volumes of the successive basalt formations

Calculated north of Estimated between
line A-D line A - D and 69°N

area volume average area thickness volume
km2 km 3 thickness m km2 m km 3

Igtertiva Fm 2500? 500? 200? 2000? 200? 400?
Skrænterne Fm 13700 8300 600 18000 700-1000 12000 - 18000
Rømer Fjord Fm 14000 1850 130 11000 100- 200 1000- 2000
Geikie Plateau Fm 22900 20500 900 17000 600- 900 10000-15000
Milne Land Fm 23000 4600 200
Magga Dan Fm 5100 650 130

total 36400 2160 1600-2200 23000 - 35000

Average thicknesses calculated as total calculated volume/total area. For further explanation and discus
sion see text.
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Table 8. Volumes of individuallava flows

Formation

Skrænterne, upper unit

Skrænterne, middle unit

Milne Land

Flow position/name

profile 44,
1594-1628 m

profile 44,
1576-1594 m

profile 44,
1557-1576 m

average of 4 flows
1426-1557 m

profile 44,
1392-1426 m

profile 44, compound
sequence 1358-1392 m

upper Ti-tholeiite

Hjørnedal marker

Mikis type flow

lower Ti-tholeiite

area km' thickness m volume km)

140 15 2.1

250 20 5.0

85 50 4.3

700 30 21

600 30 18

3000 20 60

2800 30 84

600 30 18

2600 30 78

7700 25 192

11400 25 285

4850 20 97

6750 45 304

The flows are arranged in stratigraphic succession.
The lava flows from the Skrænterne Formation were only followed in the northern and eastern part of

the Geikie Plateau. Several of the flows probably extend further south, and the volumes given are mini
mum volumes. The compound sequence consists.of many thin flow units.

The upper and lower Ti-tholeiite horizons have not been followed in the fjeld, and their identity as single
large flows is inferred. The Hjørnedal marker horizon is one flow except in a small area where there are
two flows.

the Milne Land formation four large lava flows are
petrographically and chernically distinct and have been
recognised in a number of profiles. Their areal extents
are shown in fig. 13, and calculated extents and volumes
are given in Table 8. All four flows drop below sea level
to the SE, and to obtain comparable figures the areas
were all delimited to the SE by the line CF in fig. 35.
The flows may continue beyond this line, so that the
flows are even larger than calculated.

The upper and lower titano-tholeiite horizons have
not been followed in the fjeld, and their identity as
single large flows is inferred. The Hjørnedal marker
horizon is one flow except in a small area where there
are tWO flows.

Another type of data on flow volumes was obtained
by airborne reconnaissance on the northern and eastern
Geikie Plateau, where visually characteristic flows or
flow groups in the Skrænterne Formation have been
followed over an area of around 3000 km2

• Many of the
flows must also be present further south, and the vol
urnes given in Table 8 are thus minimum volumes. The
five upper flows have their northern limit in the area.

The volumes set out in Table 8 span a very wide

range, from 2 to 300 km3
• We believe, however, that the

large volumes of the flows in the Milne Land Formation
are exceptional (see section on magma chambers). The
data for the Skrænterne Formation lead us to estimate
that 'typical' plateau lava flows are 15-30 m thick and
cover 500-4000 km2 with volumes of lCH>O km3

. Both
smaller and larger flows occur occasionally. The Hjør
nedal marker flow and the Mikis type flow are special
cases dealt with later.

Productivity

In the area north of the line AD in fig. 35 the total
amount of magma produced ean be estimated under
certain assumptions. It is assumed that the Magga Dan,
Milne Land and Geikie Plateau Formations, which all
had eruption sites in the inland regions, are largely
preserved in their original extent. Their combined vol
urne from Table 6, col. 2, is thus dose tO 26000 km3

•

These three formations constitute the lower sequence,
or first eruptive episode (see later). The Rømer Fjord
and Skrænterne Formations constitute the upper se
quence, or second eruptive episode (see later), and



while the Rømer Fjord Formation may be assumed to
be largely preserved (dose to 2000 km3) this is not the
case for the Skrænterne Formation. Firstly , around 200
m of lavas have been planed off the top. Secondly, if the
lavas of this formation were originally disposed sym
metrically about the eruption sites (inferred to have
been situated south-east of the present Atlantic coast),
then more than half the originally produced lava volume
has been split off from the continent and disappeared.
Using a thickness of 800 m instead of the 600 m in Table
6, and a somewhat arbitrary factor of 2.3 to correct for
the missing parts, the original lava volume of the Skræn
terne Formation is calculated as dose to 25000 km3.

The combined volume for the upper sequence is thus
27000 m3

, much the same as for the lower sequence.
Assuming a time span of three million years for the

production of the whole lava pile gives a productivity of
0.018 km3 per yeaL The lengths of the productive rift
systems are around 150 km for the in land areas of the
first episode, and 120 km for the coastal areas of the
second episode. This gives production figures of respec
tively 173 and 225 km3 per km rift length for the first and
second episode, or 1.15 x 10-4 to 1.5 x 10-4 km3 per km
rift per yeaL

In the area between line AD and 69°N volume esti
mates and definition of rift lengths are much more un
certain. Average figures and an assumed correction fac
tor of 2.3 for the missing part of the Skrænterne Forma
tion give a total volume of about 48 000 km3

. For an 80
km long rift the productivity for three million years is
2.0 x 10-4 km3 per kilometer rift per yeaL

Between 69°N and Kangerdlugssuaq there are c.
20000 km2 of basalts with an estimated average thiek
ness of 3 km, giving a volume of 60000 km3. If a similar
amount of material (a guess) has been chopped off at
the eoast, the total production was 120000 km3

• For a
200 km long rift the productivity for three million years
is 2.0 x 10-4 km3 per kilometer rift per yeaL

Nielsen & Brooks (1981) calculated very similar pro
duction rates for the East Greenland basalts. Compara
ble values are also found in Iceland, where produe
tivities are in the range 0.6 x 10-4 to 2.5 x 10-4 km3/km
rift/year, deereasing from the centre towards the north
and south (Jakobsson, 1972; Palmason, 1983).

The total lava production in central East Greenland
may thus be estimated at 53 000 + 48000 + 120000
220 000 km3

• If lavas also covered Jameson Land, which
is very probable, an additional100 x 100 x 1 = 10 000
km3 may be added to this figure.
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Correlation south of 69°N

Due to the inaeeessibility of the country around 69°N,
correlation between the Scoresby Sund and Kanger
dlugssuaq regions is not well established. The lower
basalt sequenee (Magga Dan, Milne Land and Geikie
Plateau Formations) in Seoresby Sund is not exposed
south of Knighton Fjord, and airborne reconnaissance
along the Blosseville Kyst shows that the Rømer Fjord
Formation drops below sea level south of Barday Bugt.
Reconnaissanee in 1986 showed that the top of the
formation reappears, probably upfaulted, at Søkongen
Bugt (68° 44/N), and the formation is inferred to lie just
slightly below sea level along the 90 km long streteh of
the Blosseville Kyst between these two loeations. The
overlying Skrænterne Formation is thus almost fully
exposed.

The Skrænterne Formation appears to constitute the
main part or all of the-exposed plateau basalts south of
69°N. It becomes both thieker and more extensive to
wards the south: in the northern areas, the middle unit
of this formation thins rapidly inland and only reaches
110 km inland from the coast (Plate 2). But further to
the south-west, profile 77 (Gronau Nunatakker, see fig.
2) located about 140 km from the Atlantic coast consists
of minimum 75 m of middle Skrænterne lavas. Field
reeonnaissanee in 1986 showed that the lavas exposed at
3566 m near the top of Gunbjørn Fjeld 60 km south of
Gronau Nunatakker are of typieal Skrænterne appear
ance. The formation ean be reeognised along the Blos
seville Kyst southwards to Grivel Bugt and Wiedemann
Fjord around 68° 30'N, but in the vicinity around Nan
sen Fjord the lavas beeome atypical, often aphyrie, and
the correlation uneertain. The lavas may have orig
inated from another eruptive centre, but may still be
contemporaneous with the Skrænterne Formation and
induded in it. Chemical analyses of plateau basalts from
Nansen Fjord (Brooks et al., 1976 and unpublished
data) are consistent with an interpretation as the Skræn
terne Formation when plotted in diagrams Iike those of
figs 72, 77 and 78. The same is true for the oldest dyke
generation of the eoastal dyke swarm in the Kanger
dlugssuaq region, the pre-flexural thol-1 dykes, which
have been interpreted as feeders for the plateau basalts
(Nielsen, 1978). In condusion, we regard the upper
basalt sequenee in the Scoresby Sund region (Rømer
Fjord and Skrænterne Formations) as equivalent to the
plateau basalts overlying the Lower Basalts in the Kan
gerdlugssuaq region.
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We tentatively correlate the lower basalt sequence in
the Scoresby Sund region with the almost 2 km thick
succession of Lower Basalts in the Kangerdlugssuaq
region: the Vandfaldsdalen, Mikis and Hængefjeldet
Formations described by Nielsen et al. (1981). The cor
relation is chronological and not lithological: the lithol
ogies of the two lava sequences are quite distinctly
different, and they were produced by different vo1canic
systems. The lower basalt sequence in the Scoresby
Sund region was erupted largely from the Gåsefjord
region, while the source of the lower basalts in the

Kangerdlugssuaq region was south and east of the pre
sent coast (Nielsen et al., 1981). The correlation is sup
ported by the occurrence in the Milne Land and Geikie
Plateau Formations of two flows of Mikis type lava,
similar to the lavas of the Mikis Formation. In the north
this magma type does not appear to have had a separate
plumbing system, and the magma had probably mi
grated laterally from large storage chambers of this
magma type in the Kangerdlugssuaq area (see section
on origin of magma types).



PART 2. PETROLOGY

Petrography

General

All the lavas and most of the dykes are tholeiitic
basalts, and their petrography and mineralogy is rela
tive!y uniform. Phenocryst minerals comprise olivine,
chromite, plagioclase and augite, and in one case ortho
pyroxene, while groundmass minerals include olivine,
plagioclase, augite, pigeonite, titanomagnetite and il
menite. Apatite, orthopyroxene, rutile and pseudo
brookite have also been identified. As secondary miner
als occur zeolites, various clay minerals, carbonates and
quartz/agate. Uncommon xenoliths are of basement
gneisses, sandstone and gabbroic cumulates.

The petrographic variation in relation to the various
basalt types is subtle, and only the highly-porphyritic
Hjørnedal marker flow and the olivine-phyric Mikis

type basalt are easily distinguishable petrographically.
Table 9 lists modal analyses of representative samples of
the major basalt types. The rocks in the table were
chosen to be phenocryst-poor, of about equal grain size,
chernically analysed and microprobed (excepting
98881). The Hjørnedal marker is excluded because it
contrasts to the others in being heavily porphyritic, and
the high-Si basalts are excluded because they are petro
graphically very variable. From this table the systematic
mineralogical differences between the basalt types are
apparent: olivine decreases from more than 10% in the
Mikis type basalt to 1-2% in the titano-tholeiites, while
in the same sequence the amount of FeTi oxides in
creases from around 2.5% to almost 7%. The amount of
plagioclase is relatively constant, and so is the clinopy-

Table 9. Modal compositions of representative aphyric/phenocryst-poor samples from various basalt types

GGU No. 98593 98550 98871 98536 98489 98516 98572 98881
Chemical type Mikis MORB ol-thol l-Ti m-Ti h-ti Ti-th Ti-th

Olivine, fresh 0.3 4.1 8.4 3.1 0.6 1.3 0.0 0.0
Olivine, altered 10.7 5.7 1.5 4.3 4.1 2.2 1.0 2.0

Plagioclase, phenocrysts 0.0 <0.2 0.0 0.6 3.6 0.5 1.6 0.4
Plagioclase, groundmass 44.9 44.1 41.1 51.1 51.1 50.2 52.6 47.3
Plagioclase, altered 1.9 5.3 8.2 0.0 0.0 0.0 0.0 0.0

Clinopyroxene, phenocrysts 0.0 0.0 0.0 0.0 <0.2 <0.2 0.0 0.0
Clinopyroxene, groundmass 31.1 27.9 25.3 32.1 28.9 30.8 34.6 36.3

Fe-Ti oxides 2.6 2.4 2.9 3.4 5.0 4.9 6.5 6.8
Chromite <0.2 <0.2 <0.2 0.0 0.0 0.0 0.0 0.0
Interstitial 'glass' (clay) 7.6 4.8 1.2 4.2 4.7 5.7 3.7 7.1
Mesostasis 0.0 0.7 1.7 1.2 2.0 4.2 0.0 0.0
Zeolite (interstitial) <0.2 4.9 9.7 0.0 0.0 0.0 0.0 0.0
Carbonate (interstitial) 0.8 0.0 0.0 0.0 0.0 0.0 <0.2 0.0
Vesicle filling (clay) 0.0 0.0 0.0 <0.2 0.0 0.2 0.0 0.1

Rock Mg/(Mg + Fe2+) 0.648 0.628 0.608 0.527 0.503 0.480 0.480 0.425
Rock Ti02 wt070 2.39 1.30 2.26 2.18 2.64 3.14 3.61 3.80
Oxidat. stage, Fe-Ti oxides C5,R3-7 C2-4,RJ-2 C3-4,R2-3 C3-4,RJ-4 CJ,RI Cl ,RI CI,RI CJ,RI

For the definition of chemical types see Table 19.
Polished thin sections were counted in a combination of reflected and transmitted light to avoid overestimation of
the opaque and mafic phases and ensure correct mineral identification.
Approx. 1600 points were counted in each section, giving a 'Iower limit of detection' of around 0.2070 (van der Pias
& Tobi, 1965).
Oxidation stages of the Fe-Ti oxides after Haggerty (1976).

4
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roxene, although the titano-tholeiites seem to have
more pyroxene than the other basalts. All samples con
tain notable amounts of interstitial 'glass' (now altered
to smectite), and almost all samples contain some meso
stasis, i.e. extremely fine-grained polymineralic pock
ets. Similarly, Peck et al. (1966) found a constant
amount of 8% glass below the solidus in basalts from a
Hawaiian lava lake.

For petrographicaI c1assification purposes the modal
differences between the 'neighbouring' groups in Table
9 are toa small to be of routine diagnostic value, and the
differences are often masked by differences in grain
size, texture and phenocryst content. Many titano-tho
leiites may be recognised by their large oxide contents.
Note, however, that the Ti02-rich Mikis type basalt and
the Ti02-poor MORB type basalts, whose dominant
oxides are ilmenite and titanomagnetite respectively,
have nearly equal modal amounts of oxides.

Table 9 also gives an impression of the general alter
ation state of the lavas.

Phenocrysts

The lavas were divided in the field into alternating
aphyric and porphyritic formations (fig. 3). However,
many of the lavas from the 'aphyric' formations do
contain sparse phenocrysts, and only few lavas are ap
parently completely aphyrie. Moreover, all the glassy
rocks encountered contain phenocrysts/micropheno
crysts in abundance. Thus, in principle, all the lavas are
more or less porphyritic, i.e. they were at or below their
liquidus temperature at the time of extrusion.

The phenocryst association olivine + chromite occurs
in the Mg-rich basalts, i.e. the Mikis type basalt and the
MORB type basalts and olivine tholeiites of the Rømer
Fjord Formation. The main basalts contain either oli
vine + plagioclase or olivine + plagioclase + augite as
phenocryst association. The division into Mg-rich bas
alts and main basalts thus corresponds to the division
between olivine tholeiites and plagioc1ase tholeiites by
Shido et al. (1971). Some glassy pillow breccias from the
Magga Dan Formation and the Hjørnedal marker flow
in tbe Milne Land Formation contain olivine + chromite
+ plagioclase + augite, and one very silica-rich basalt
(98788) from the Magga Dan Formation contains olivine
+ chromite + orthopyroxene + augite, with plagioc1ase
only occurring as microliths. It is notable that olivine is
a phenocryst phase in all basalts including the most iron
and titanium-rich ones, while magnetite and ilmenite
were never encountered as phenocrysts. The phenocryst
associations are summarised in Table 20 in combination
with a later discussion of phase relations and temper
atures.

The amount of phenocrysts varies from one forma
tion to the next (fig. 36). The lavas in the 'aphyric'
Magga Dan and Geikie Plateau Formations contain
0-7% by volume of phenocrysts, and usually below 2%,
while the lavas of the 'porphyritic' Milne Land and
Skrænterne Formations contain 0-15% phenocrysts,
usually below 10%. Plagioc1ase is volumetrically by far
the most important phenocryst phase, amounts up to
10% being quite normal, while the combined amounts
of olivine and pyroxene phenoerysts usually do not ex
ceed 1%. The Hjørnedal marker flow with up to 23%
phenocrysts is exceptional.

Lavas with accumulations of phenocrysts are only
found in very few instances, and most of these are
c1early out of range of the plots in fig. 36. A few exam
ples were found in the porphyritie Milne Land and
Skrænterne Formations and in the basalts of the 'big
feldspar divide' in the Rømer Fjord Formation. From
variation diagrams (figs 76, 77) it appears that at least
some samples of the very phenocryst-rich Hjørnedal
marker flow have accumulated some feldspar.

There is a complicated relation between lava compo
sition and phenoeryst eontent. For instance, the low-Ti
lavas from the Geikie Plateau Formation have less than
1% phenocrysts while the chernieally similar lavas from
the middle unit of the Skrænterne Formation have
4-15% phenocrysts. There does, however, seem to be a
general tendency that both the least and the most frae
tionated lavas are phenocryst-poor, while the pheno
cryst-rich lavas are confined to intermediate fraction
ation states with Mg ratios of O.56-{l.44. (The Hjørnedal
marker is a notable exeeption.) Within this intermediate
fractionation interval lavas may or may not be porphyr
itic. At a Mg-ratio of 0.50 almost all lavas have some
phenocrysts - a 'bell-shaped' distribution is evident for
the Geikie Plateau Formation in fig. 36.

Groundmass

The lava samples are usually from the lower, massive
parts of the lava flows and do not normally contain
vesicles and vesic1e fillings.

Ubiquitous groundmass mineral phases are plagio
clase, augite, titanomagnetite and ilmenite. Ground
mass olivine is found in most of the fresh samples but is
not identifiable in the more altered samples. Pigeonite
was identified in 12 out of 22 microprobed samples. The
oceurrence of groundmass olivine and pigeonite seems
to be independent of the bulk eomposition of the lavas,
and the two minerals occur together in several samples.
Orthopyroxene was found in the groundmass of one
sample together with magnetite in a fine-grained reac
tion rim resulting from high-temperature oxidation of
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eryslals up Io 2 mm large, often less. The two forms
oceur side by side (fig. 40). The platy erystals appear
corroded. in eontrasl IO Ihe equanl ones. Scallered
ehromite octahedra oceur in both types of olivine and
have also been found in a few augite phenocrysts. Au
gite phenocrysts amount to 2~"Io and many are unusu
ally large, up to 2 mm in size. Some of these show
evidence af two-stage growth, with concentric inc!usion
zones near Ihe rims (fig. 53). The smaller ones form
glomcrocrysts as in tlle nulio basalts.

The groundmass of Ihis Oow is moderalely fine
gnlined and with intcrgranular tcxture. Brown mcsO
stasis speekled with liny oxide eryslals and light eriss
ero sneedieIs oceur abundantly in all samples. Pigeon
ile was only found in reaction rims on olivine.

Main basalts

The four Iypes of main basalt (Iow-Ti. med-Ti. high-Ti
basalt and tilano-tholeiite) are very similar petrograph
ieally and are described together. Their systematic mod
al differences are outlined in Table 9. They have phe
noerysts of plagiodase, olivine and somelimes augite in
amounts varying from Oto 15%. wilh plagiodase as the
by far most abundant phase.

The plagiodase phenocrysls oceur as single eryslals or
in aggregales of several individuals. These aggregates
range in appearanee from tighl dusters of near-parallel
erystals to loose dusters of random ly orientaled erys
tals. Several elusters eontain also phenocrysts of olivine.
and somelimes subhedral augite_ giving Ihe duster a
gabbroie appearanee. Judged from the zoning pallern in
the plagioclases many of Ihese ery tals have been dus
tered togelher for some time during growlh. but their
outer part. towards the groundmass, are euhedral and
show Ihal the dusters were suspended in a liquid while
they grew. The plagioclase zoning pallerns are de
seribed in the seetion on the feldsp"rs.

The olivine phenoerysts are subhedral IO euhedral
and oflen ineonspieuous beeause of Iheir small size,
barely larger lhan the groundmass. They are often heav
ilyaltered.

Augile phenocry IS are most frequentl)' seen in lhe
more porphyrilie lavas. bUl there are differences be
tween the individual formations. as set oul below. Sin
gle augile phenocrysts are usually ubhedral and rela
lively mali. espeeialIl' in the three lower formalions.
Augile phenocrysls often form tighl rounded duslers of
several anhedral individuals. Superfieially_ the e glomo
rocrj'Sts have the appearanee of xenoerysls. bul Iheir
eomposilion is idenlieal wilh Ihat of single augite phe
nocrysls in the same rock. Moreover, similar dusters af

mierophenocrysls are found in glassy rocks, and we
believe they are eognate.

The groundrnasses are mosl ly fine grained with in
lergranular lexture, bUI there are large and unsyslem
atic variations in both grain size and texturc. Segre
galion pocket were described in Ihe general seelion.

In Ihe folIowing lhe eharaeleristics of Ihe main basalt
from Ihe successive formal ions and dykes are poinled
out.

Magga Dall Formaliall. The eryslalline lav"s have only
searee and small phenoerysls in a fine-grained ground
m"ss. In general. Ihe lavas of this formalion eontain
more gl"ss and me oSI"sis than those from Ihe laler
formalions. Some lavas are only partil' eryslalline, wilh
an intcrsertal texture. and in these rocks microphe·
nocrysls of olivine. plagioclase and augite may be dis
cemed. These phases are dearly seen in the glassy rocks
of the pillow breecias. Rare small ehromile eryslals have
been found endosed in olivine in the ba alts of Ihis
formalion.

Millie Lalld Formaliall. The main basalt eontain up IO
10% of plagiodase phenoerysts (fig. 36). The pheno
erysls genera Ily form 2-10 mm long rather slender laths
oceurring singly or in loose aggregales (fig. 41). Olivine
and augite togelher amounl IO up lO I"Io. The olivine
phenocrysls are in all sludied samples eomplelely al
lercd; thcy are neVeT sccn to contain chromite. Approx
imalely half of Ihe lavas eontain augite phenocrysls,
mainly Ihose wilh high phenocryst eontents, i.e. the
medium-Ti Iype lava (fig. 36). while augile phenoerysls
were not found in the tilano-tholeiile types. The augile
eryslals usually form glomerocrysts.

The groundrnasses are very variable in bOlh grain size
« 0.1 mm to 0.8 mm) and lexture. even within the
same lav" now sampled in different profiles.

Geikie P/meau Formation. Phenocrysls in this formation
are sparse und are most ly found in the medium-Ti uni!.
They eonsist of a few single plagiodase luths, Iraces of
more or less altcred olivine and, in approximately one
third of porphyritie samples. a few mali augite phe
nocrysls. Chromile has been found in one sample
(98575) in un unusually large olivine eryslal. possibly a
xenocrys!. The groundrnasse are generally fine
grained. with inlergranular texture. although coarse
ophitie nows do oceur. Pigeonite is presenl in around
half of the microprobed samples.

Rømer Fjord Formaliall. In the 'big feldspar basalts'
feldspar phenocrysls constilule 3-10% of Ihe rock and
form laths whieh are usually around 0.5 cm long but
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is il hydrous alumino-silicatc very poor in basic taljons.

'IOd this is possibly the cause of the quartz and corun
dum-normalive character of the chemieal analysis of
this rock (see later). Other parts of this dyke have a
much more mafic character and are e1early silica under-

saturaled. with abundanl interstitial feldspath ids. Ha
waii/ic dykes occur in a rew instances in the swarm along
the Blosseville Kyst. They are only very mildly alkaline.
and pelrogr<,phically they are imilar IO the lholeiitie
dykes of the same swarm.

Mineralogy

The i'hcmical composition af the minerals \Vas in
vestigHled in seleeled sample of 35 lavas and pyroelas
tics and 12 dykes. covering alIIhe chemical types found
among lhe lholeiites and mildly alkaline rocks.

The major part of lhe microprobe analyses was made
with a TPD microprobe at the Research chool of Earth
Sciences. Canberra. and supplemented with analyses
made with a Jeol 533 Superprobe al the In litute of
Mineralogy. University of Copenhagen. The analyses
were made wilh an energy-dispersive analyticai system.
and Ihe procedure applied is as described by Reed &
Ware (1975). The resuIts from the lwO microprobe lab
oratorics are concordanl.

The folIowing scctions an the individual minerals are
conccrncd with the fholeiilic rocks Oll/Y. DHta an the
mineralogy of the few mildly alkaline rocks form a
separHle seclion at lhe end of the ehapter. Dala on the
mineralogy of lhe slrongly alkaline rocks (lampro
phyres) are nOl inciuded.

Olivine

Olivine. ar pscudomorphs after olivine. is present in
all lypes of basalt investigated, from the Ieast to lhe
most evolved. In any rock the olivine cryslals usually
show a range in size. from obvious phenocrysts through
microphcnocrysts to groundmass-size olivine. In rela
lively coar 'e-grained rocks all lhe olivine may be of
'groundmass' size. The olivine cryslals. espeeiaIly the
larger ones. are subhedral to euhedral. equant rhomb
shaped or somewhat clongated. The Hjørnedal marker
1I0w eontains plaly olivine (fig. 40). The glassy rocks
(fig. 45) have euhedral olivine phenocrysts with fre
quent glass inciusions. sometimes grading into skelelal
'hopper' olivine . signaIling greater cooling rate and
degree of supercooling in Ihe gia sy rocks than in lhe
crystalline lavas (Donaldson. 1976). 'Glass inciusions
are infrequent in the olivines from lhe crystalline lavas.

Visibly xenocrystic olivine. Le. dusty. sponcd. re·
sorhed grains cncloscd in cither clear olivine or pyrox
ene. is round in MOR B-type basall and some olivine
lholeiiles.

Many olivine cryslals appear somewhal corroded and
lire surrounded by a reaction rim af pigeonitc , and even
cuhcdral olivines may have such a magma tic reaclion
rim. ear·solidus oxidation of olivine. as described by
Haggerly (l976a). has occurred in a few samples where
lhe olivines are either marginally or completely derom
posed to a fine-grained, symplectie intergrowth of mag
nelite and Ca-poor pyroxene. mostly pigeonile, but al o
hyperslhene. Low-temperalure alleration (deuteric or
weathering) of olivine is widespread, and ohen the oli
vine cryslals are complelely pseudomorphosed by
brown or green masses of clay minerals. Carbonate may
also replace olivine. Only very few samples. mostly
glussy ones. contain completely unahered olivine.

Chemicllf compos;t;olJs. The microprobe analyses show

thHl lhere is a wide range of olivine composilions pre
sent in most samples. There is usually a good correla
tion between erystal size and composition. such lhal the
largest olivine cryslals are the most Mg-rich and lhe
smalleS! olivine crystals are the most Fe-rich. Many
crystals tend to be slightly zoned. lhe rims having 1-3%
Fo le,. than the centres.

The chemical composition of lhe olivines in the in
vesligated tholeiitic rocks is compiled in fig. 46 which
3150 shows thc calculated equilibrium olivine composi
tions. Thcre is a fairly good correlation bctween mosl
measured olivine phenocrysls and calculated olivine
compositions, bUl there are (llso cases af evident dis
erepancy.

Olivine more magnesian than the ealculated equilib
rium olivinc may have two explanations. Either il is
xenocrystic. or lhe magma had a greater oxidation ratio
than lhe Fe,O/FeO ; 0.15 u ed in lhe calculation of the
olivine which is then too iron-rich. Hawever. Ihe dis
crepancy of 5% forslerile in lhe rock 98788 demands a
magma oxidation ratio of 1.0 for the calculated olivine
to auain thc composilion of the measurcd. and therc are
no signs in the rock Ihat il was SO oxidised. It is con·
ciuded Ihal most excessively forsterile-rich olivines are
xenocrySls. In fig. -16 there are at Ieast five examples of
100 Mg-rich olivines. The two Mg-rich analyses from
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sample 98550 are both from visibly xenocrystic olivines.
The analysed olivine of Fo90-composition in 98595 is in
no way visibly different from the other equant olivine
crystals in this Hjørnedal marker sample, but a xe
nocryst it must beo The olivine phenocrysts in samples
98788, 96505 and 98554 are also toa Mg-rich to be
equilibrium olivines.

Olivine less magnesian than the calculated equilib
rium olivine may have three explanations. It is either
xenocrystic, re-equilibrated or, for small discrepancies,
a calculation effect brought about by using the bulk rock
composition instead of glass as the liquid in equilibrium
with the olivine. The effect of this is to raise the forste
rite content in the calculated olivine by 2-5% (as dis
cussed in the later section on glassy rocks and illustrated
in Table 18). This may explain the slight discrepancy
between some calculated and measured olivine phe
nocrysts. Larger discrepancies may be due to re-equili
bration of the olivine. This effect has been demon
strated by e.g. Moore & Evans (1967) who showed that
olivine phenocrysts suspended in a lava lake are exten
sively re-equilibrated during groundmass crystallisation
and subsolidus cooling at 800-1000°C. It is possibIe that
the relatively large range in olivine phenocryst centre
compositions in some rocks, e.g. 98550 and 98595, sig
nal incipient re-equilibration. Significantly, in the Hjør
nedal marker (sample 98595) the platy olivine pheno
crysts, whose relatively large surface/interior ratios
make them more susceptible to alteration, are more
iron-rich (Fo7o-n ) than the equant olivines (F074--79)' Mg
poor olivine phenocrysts (FoS7-68), grossly out of equilib
rium with the bulk rock, are found in samples 98501,
98894 and 98561. These olivine crystals have no xe
nocrystic appearance and are normally zoned; they are
either xenocrysts, or they are completely re-equili
brated during cooling of the lava.

The extent to which the groundmass olivines are re
equilibrated remains unknown, but the good correlation
noted above between crystal size and composition in
dicates that they may be so. Moore & Evans (1967)
found lava lake olivines as iron-rich as F04S ' in good
accordance with the data in fig. 46.

In conclusion, most analysed olivine phenocrysts
have near-equilibrium compositions, possibly slightly
modified by later re-equilibration.

Minar elements. Manganese in the analysed olivines
varies from below detection limit (0.2% MnO) in the
most Mg-rich olivines to a maximum of 0.75% MnO in
the most Mg-poor olivines. The co-variation of Fe and
Mn is regular as found by Simkin & Smith (1970), and
the manganese contents are at the same level as found
by these authors for a variety of rock types.

Calcium in the olivines lies in the range 0.1-0.5%
CaO, the same as found by Simkin & Smith (1970) for
olivines from extrusive rocks. There is no systematic
variation in the Ca content of the olivines.

Nickel is barely above detection limit (0.2% NiO) in
the most Mg-rich olivines and is below detection limit in
most of the analysed olivines. The indicated range in Ni
contents is thus probably like that found by Simkin &
Smith (1970).

Chromite

Early-formed chromite is found as small « 0.04 mm)
opaque to semi-transparent octahedral crystals enclosed
in olivine or, rarely, in augite or in glassy groundmass.
Chromite is frequent in the Mg-rich basalt types (Mikis
type, MORB type, olivine tholeiite and Hjørnedal
marker) and also in the high-silica glassy rocks of the
Magga Dan Formation. It is sporadically seen in a few
main basalts from the Magga Dan Formation. During
the probe work two occurrences of chromite in olivine
from the main basalts from the Geikie Plateau and
Skrænterne Formations were found (98575 and 98894),
one of these (98575) in an unusually large (1.5 mm)
olivine pseudomorph. In general, however, the main
basalts do not carry chromite. Tiny chromite-like oxide
crystals enclosed in olivine or augite phenocrysts are
sporadieally found in a few of the titano-tholeiites; these
are chromian titanomagnetites and are also plotted in
the chromite diagrams (fig. 47). Chromite thus occurs in
lavas with Mg ratios above 0.56 and Cr contents above
350 ppm (fig. 80); lavas with Mg ratios in the interval
0.56--{).45 have no early-formed spinel, while lavas with
Mg ratios less than 0.45 may have early-formed chro
mian titanomagnetite.

Similar discontinuous spinel series have been found in
other rock suites: Sigurdsson & Schilling (1976) found
that chromite in Mid-Atlantic Ridge basalts is restricted
to lavas with Mg ratios above 0.60 and Cr contents
above 350 ppm, while Thy (1983) found that chromite
occurs in lcelandic basaltic glasses with Mg ratios above
0.50 and titanomagnetite in glasses with Mg ratios be
low 0.43. These limits for the no-spinel field are similar
to those for the Scoresby Sund basalts. Experimental
data have likewise delineated a no-spinel field in basalts
with low oxygen fugacities (Iess than 10-9 , Hill &
Roeder, 1974).

The orthopyroxene-bearing high-silica lava 98788,
with a Mg ratio of 0.540, carries frequent chromite. This
rock, which shows several features of mineral disequi
librium, has a very high Cr content, 922 ppm, which is
far above the saturation value of 350 ppm Cr found by
Sigurdsson & Schilling (1976) and Maurel & Maurel



(1982a). This saturation value also applies to the Score
sby Sund basalts, and sample 98788 appears to have
accumulated chromite.

The chromite crystals are normally euhedral to some
what rounded. Zoning is not seen. A few grains in the
Mikis type sample, in a hol!owness in an olivine crystal,
show fine-scale exsolution and are rimmed by titanian
chromite. The 'dusty' olivine xenocrysts in the MORB
type 98550 have corroded and irregular chromite grains,
and part of the 'dust' consists of around 1 micron smal!
chromite blebs, especiaIly frequent in diffuse zones
around the larger chromite grains.

61

Chemical compositions. Selected analyses of chromites
are presented in Table 10, and all analyses are plotted in
fig. 47. These chromites are magnesium-poor and iron
rich compared to thase from Icelandic glassy basalts
(Thy, 1983) and ocean floor basalts (e.g. Sigurdsson &
Schilling, 1976; Bryan et al., 1981). They have similar
Mg/(Mg + Fe2+) ratios to the chromites from the pi
crites in Kangerdlugssuaq (Nielsen et al., 1981) but have
lower Cr/(Cr + Al) ratios than most of these, probably
because this ratio is far lower in the basalts than in the
picrites. The chromites from the Scoresby Sund basalts
are broadly similar to chromites from Hawaiian basalts

Table 10. Microprobe analyses of chromites and chromian titanomagnetite

wt010 2 3 4 5 6 7 8 9

TiO, 2.62 3.68 0.69 2.98 2.20 5.29 1.81 1.25 17.79

Alp, 14.38 16.15 26.17 18.93 14.97 18.16 12.61 8.00 9.60

V,Ol na 0.64 0.16 0.52 0.53 na 0.46 na na
Cr,O, 42.33 36.80 32.94 35.58 33.33 28.20 42.06 23.06 6.94

Fe,O, 9.07 10.00 9.60 8.80 15.27 11.57 10.01 33.94 18.26
FeO 20.88 22.04 18.54 26.40 29.21 27.44 27.34 30.16 42.87
MnO 0.22 0.28 0.22 0.45 0.40 0.31 0.42 0.42 0.32
MgO 10.0\ 10.03 11.72 7.22 4.36 7.35 5.06 1.95 3.96

99.51 99.62 100.04 100.88 100.27 98.32 99.86 98.78 99.74

calions based on 24 calions and 32 oxygens

Ti 0.515 0.718 0.127 0.579 0.447 1.054 0.370 0.273 3.736
AI 4.433 4.938 7.562 5.763 4.768 5.674 4.045 2.739 3.\60
V 0.\32 0.032 0.108 0.\15 0.099
er 8.751 7.544 6.38\ 7.262 7.1\7 5.909 9.047 5.295 \.532
Fe·'" 1.786 1.95\ \.77\ 1.710 3.105 2.308 2.068 7.4\9 3.836
Fe~+ 4.565 4.780 3.80\ 5.702 6.600 6.082 6.222 7.326 10.012
Mn 0.049 0.062 0.046 0.098 0.092 0.070 0.097 0.103 0.076
Mg 3.901 3.877 4.281 2.779 1.756 2.903 2.052 0.844 1.648

Mg/(Mg+Fe''') 0.461 0.448 0.530 0.328 0.210 0.323 0.248 0.103 0.14\
Cr/(Cr+AI) 0.664 0.604 0.458 0.558 0.599 0.510 0.690 0.660 0.330
Fe'''/(Fe'+ +Cr+Al) 0.119 0.135 0.113 0.116 0.207 0.166 0.136 0.480 0.450
Ti/(Ti + Cr + Al) 0.038 0.054 0.009 0.043 0.036 0.083 0.027 0.033 0.443

Energy-dispersive analyses. Small amounts (0.1-0.5010) of SiO, and CaO disregarded.
V,O, semiquantitative on1y. na = not analysed. Fe,O, calculated from stoichiometry assumption.

I Chromite in olivine, Foso.s. High-silica basalt, GGU 96928, Magga Dan Formation.
2 Chromite in olivine pseudomorph. Med -Ti type basalt, GGU 98763, Magga Dan Formation.
3 Chromite in olivine FOs'.7. MORB type basalt, GGU 98550, Rømer Fjord Formation.
4 Chromite in large olivine FOn.). 01ivine tholeiite, GGU 98544, lower compound unit, Rømer Fjord For-

mation.
5 Chromite in rim of smal! olivine Foss.o• Olivine tholeiite, GGU 98544, lower compound unit, Rømer

Fjord Formation.
6 Chromite in smal! olivine Fo71 .7" Olivine tholeiite, GGU 215484, upper compound unit, Rømer Fjord

Formation.
7 Re-equilibrated chromite in olivine FollOO• Mikis type basalt, GGU 98593, Milne Land Formation.
8 Re-equilibrated chromite in olivine Fo.u . Low-Ti type basalt, GGU 98894, Skrænterne Formation.
9 Chromian titanomagnetite in olivine Fo70.•. Titano-tholeiite, GGU 98547, Rømer Fjord Formation.



















Table 12. Microprobe analyses of pyroxenes -Jo

2 4 6 7 8 9 IO II 12 13 14 15 16 17 18 19 20

SiO, 51.01 50.88 49.81 51.78 50.18 50.05 52.13 47.79 50.49 49.50 50.43 51.12 49.43 48.41 47.66 48.35 51.50 54.29 52.00 50.26
TiO, 0.90 0.68 1.00 0.61 1.19 1.03 0.54 2.15 1.10 1.18 1.02 0.97 1.68 1.97 2.65 0.81 0.67 0.23 0.50 0.39
AI,O) 2.86 3.23 3.88 2.14 1.70 3.50 1.96 4.91 2.94 2.54 2.21 1.94 2.46 3.01 4.53 1.29 2.59 1.10 0.99 0.78
Cr,O) 0.81 0.42 1.24 0.53 0.00 0.70 0.31 0.21 0.21 0.00 0.00 0.24 0.00 0.00 0.44 0.00 1.00 0.29 0.00 0.00
FeO* 7.64 7.37 6.21 6.49 14.66 8.30 7.73 11.20 9.66 13.88 11.25 10.07 16.14 14.30 10.86 27.98 7.94 11.94 20.52 27.93
MnO 0.13 0.00 0.00 0.00 0.21 0.17 0.00 0.19 0.00 0.28 0.23 0.21 0.26 0.21 0.18 0.67 0.00 0.16 0.51 0.54
MgO 16.65 15.39 15.40 16.09 12.51 16.03 16.57 12.44 15.93 13.58 14.76 15.72 13.55 12.30 13.25 8.86 18.54 28.64 20.66 14.74
CaO 19.63 20.53 21.39 21.36 18.76 19.00 20.70 20.33 19.55 17.55 18.75 19.15 16.00 19.24 18.90 10.93 16.45 2.39 4.47 4.74
Na,O 0.00 0.00 0.31 0.00 0.20 0.20 0.17 0.25 0.00 0.19 0.20 0.15 0.17 0.17 0.39 0.26 0.00 0.00 0.00 0.13

99.64 98.50 99.25 99.00 99.40 98.98 100.12 99.42 98.99 98.70 98.84 99.56 99.68 99.61 98.85 99.14 98.69 99.04 99.64 99.51

ca/ions based an 6 oxygens
Si 1.892 1.907 1.858 1.928 1.942 1.875 1.926 1.818 1.900 1.900 1.913 1.916 1.890 1.858 1.816 1.943 1.911 1.956 1.954 1.965
Al'v 0.108 0.093 0.142 0.072 0.058 0.125 0.074 0.182 0.100 0.100 0.087 0.084 0.110 0.136 0.184 0.057 0.089 0.044 0.044 0.035
AI" 0.017 0.050 0.029 0.022 0.019 0.029 0.012 0.035 0.028 0.013 0.012 0.002 0.001 0.000 0.019 0.004 0.024 0.002 0.000 0.001
Ti 0.Q25 0.019 0.028 0.017 0.034 0.029 0.015 0.061 0.031 0.034 0.029 0.027 0.048 0.057 0.076 0.024 0.019 0.006 0.014 0.012
Cr 0.024 0.012 0.037 0.015 0.000 0.021 0.009 0.006 0.006 0.000 0.000 0.007 0.000 0.000 0.013 0.000 0.029 0.008 0.000 0.000
Fe 0.237 0.231 0.194 0.202 0.470 0.260 0.239 0.356 0.304 0.446 0.357 0.316 0.516 0.459 0.346 0.940 0.246 0.360 0.645 0.913
Mn 0.004 0.000 0.000 0.000 0.007 0.005 0.000 0.005 0.000 0.009 0.007 0.007 0.008 0.007 0.006 0.023 0.000 0.005 0.016 0.018
Mg 0.921 0.860 0.856 0.893 0.715 0.895 0.913 0.705 0.843 0.777 0.834 0.878 0.772 0.704 0.753 0.531 1.025 1.538 1.157 0.859
Ca 0.780 0.824 0.855 0.852 0.770 0.762 0.819 0.829 0.788 0.722 0.762 0.769 0.655 0.791 0.773 0.471 0.654 0.092 0.180 0.199
Na 0.000 0.000 0.023 0.000 0.015 0.015 0.012 0.019 0.000 0.014 0.015 0.011 0.013 0.013 0.029 0.021 0.000 0.000 0.000 0.010

4.008 3.996 4.020 4.001 4.011 4.016 4.018 4.019 4.001 4.016 4.016 4.016 4.013 4.024 4.014 4.013 3.999 4.011 4.010 4.011

Mg 47.5 44.9 44.9 45.9 36.6 46.7 46.3 37.3 43.6 40.0 42.7 44.7 39.7 36.0 40.2 27.3 53.2 77,3 58.5 43.6
Fe 12.2 12.1 10.2 10.4 24.0 13.6 12.1 18.9 15.7 22.9 18.3 16.1 26.6 23.5 18.5 48.4 12.8 18.1 32.5 46.3
Ca 40.3 43.0 44.9 43.8 39.4 39.8 41.6 43.8 40.7 37.1 39.0 39.2 33.7 40.5 41.3 24.2 34.0 4.6 9.1 10.1

l Augite, centre of groundmass grain. Mikis type basalt, GGU 98593, Milne Land Formation.
2 Augite, brown xenocrystic grain. Olivine tholeiite, GGU 98871, Rømer Fjord Formation.
3 Augite, clear rim immediately adjacent to previous xenocrystic grain.
4 Augite, centre of clear groundmass grain. Olivine tholeiite, GGU 98871.
5 Augite, rim on previous grain.
6 Augite phenocryst. Hjørnedal marker flow, GGU 96913, Milne Land Formation.
7 Augite, centre of groundmass grain. Low-Ti basalt, GGU 98262, Skrænterne Formation.
8 Augite, centre of microphenocryst (xenocryst?). Med-Ti basalt, GGU 98489, Geikie Plateau Formation.
9 Augite, margin to previous grain.
10 Augite, outer rim on previous grain.
Il Augite, centre of groundmass grain. High-Ti basalt, GGU 98575. Geikie Plateau Formation.
12 Augite, centre of microphenocryst. Titano-tho1eiite, GGU 98878, Skrænterne Formation.
]J Augite, light sector of sector-zoned groundmass grain. Titano-tholeiite, GGU 98878.
14 Augite, brown sector of sector-zoned groundmass grain. As previous.
15 Augite, Ti-rich outer part of phenocryst. Titano-tholeiite, GGU 98609, dyke.
16 Subcalcic ferroaugite in segregation pocket. High-Ti basalt, GGU 98554, Skrænterne Formation.
17 Augite microphenocryst. High-Si basalt, GGU 98788, Magga Dan Formation.
18 Orthopyroxene microphenocryst. As previous.
19 Pigeonite, centre of groundmass grain. High-Ti basalt, GGU 98575, Geikie Plateau Formation.
20 Pigeonite, rim on augite. Med-Ti basalt, GGU 98489, Geikie Plateau Formation.











Fig. 59. Correlation between
Ti02 in the bulk rock and Ti02 in
early-formed augite, phenocrys
tic or groundmass if no pheno
crysts are present. The range in
Ti02 contents in the early augite
is shown by a vertical bar, and in
five rocks the broken lines indi
cate unusually Ti-rich augite cen
tres of unresolved origin. Sample
98554 at 2.8% Ti02 is abnormal
in this diagram as in several
others.
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ject, 1981). The Scoresby Sund overall trend is very
similar to those of Keweenawan and Hawaiian basalts
(Papike & White, 1979, Fodor et al., 1975). The sub
groups in the data set are shown separately on fig.
6Ob-d. Tbe 'normal' trend for the main basalts is de
fined in fig. 60d. (Excepted from this trend is the Magga
Dan Formation (fig. 6Oc), a high-Si lava, and 98554
which is anomalous in several respects, see sections on
olivine and plagioclase.) The Mg-rich basalts, fig. 6Ob,
have augites with the same ar just slightly higher Cr203
contents as the main basalts, despite the fact that the
Mg-rich basalts contain much more chromium than the
main basalts (fig. 80). This may be because the pyrox
enes in the Mg-rich basalts crystallised after chromite
had depleted the liquid in chromium or, rather , because
the Mg-rich basalts crystallised at higher temperatures
than the main basalts (see fig. 69). Partition coefficients
Cr.ugi,/Crliq are inferred to increase with decreasing tem
peratures (Irvine, 1975) thereby counteracting the ef
fect of decreasing Cr1iq during magma evolution. The
Hjørnedal marker flow was intermediate in both tem
perature and Cr contents, and its augite phenocrysts
have the same Cr contents as the other basalts. A man
tie on an augite xenocryst in olivine tholeiite 98871 (figs
57, 58 and 60) is strongly enriched in Cr, indicating that
the equilibrium partitioning was disturbed during the
event of mixing of the xenocryst into the final magma.

The augites in the high-Si basalts and some Magga
Dan Formation basalts have in many cases higher Cr
contents than other augites. These rocks contain as
much Cr as the Mg-rich basalts (fig. 80), but the parti
tion coefficients Cr.ugi,jCrliq were probably greater be
cause the high-Si magmas were more polymerised (Ir
vine, 1975).

Fe-Ti oxides

Titanomagnetite and ilmenite are ubiquitous phases
in the crystalline lavas but are not found in any of the
glassy or aphanitic rocks. They are always groundmass
phases and range from small euhedral crystals to large
poikiloblastic grains, the most frequent type being sub
hedral grains with a few silicate inc1usions. In the most
rapidly chilied rocks the Fe-Ti oxides have skeletal de
velopment, with thin, bladed ilmenites and cruciform
titanomagnetites.

The amount of Fe-Ti oxides in a rock is directly and
systematically related to its TiOz content and ranges
from 2.4% (modal) in the most Ti02-poor to 6.8%
(modal) in the most TiOz-rich of the point-counted sam
ples (Table 9). In almost all rocks titanomagnetite and
ilmenite occur in approximately equal amounts, but in a
few cases one oxide strongly predominates. This is also
illustrated in Table 9, where the Mikis type basalt with
2.39% TiOz and the MORB type basalt with 1.30%
TiOz have equal modal amounts of oxides due to the
predominance of ilmenite in the Mikis type and of tita
nomagnetite in the MORB type basalt.

When c1assified according to the oxidation states of
Haggerty (1976a) around halt of the samples have com
pletely unaltered oxides (stages Cl and RI), although
many titanomagnetite grains contain composite or sand
wich-type ilmenite inc1usions. Most of the other half of
the samples are moderately to strongly oxidised (up to
stages C5 and R7) with extensive replacement of ilme
nite by rutile, hematite and pseudobrookite. The point
counted representative sample set conforms to this dis
tribution (Table 9). Watkins & Haggerty (1967) found
generally high oxidation stages of the oxides across
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Table 13. Broad beam microprobe analyses of fine-grained mesostasis

2 3 4 5 6

SiO, 50.18 49.78 50.58 53.92 67.85 65.05
TiO, 3.08 1.18 1.79 0.82 1.26 0.52
Alp) 13.21 13.43 13.87 13.91 12.95 13.17
FeO 14.94 11.48 11.97 9.27 3.98 5.59
MnO 0.16 0.00 0.22 0.00 0.13 0.00
MgO 4.30 4.81 1.27 3.50 1.65 1.78
CaD 9.66 5.92 9.13 4.12 5.37 2.54
Nap 2.90 4.86 3.17 5.29 4.06 4.92
Kp 0.41 0.49 0.37 1.63 0.38 2.37
P,O, 0.11 1.52 1.49 2.32 0.94 0.77

98.95 93.47 93.86 94.95 98.57 96.71

Mg/Mg + Fe2 + t 0.368 0.459 0.177 0.433 0.456 0.392

C/PW norms, calculated with Fe2 0JFeO adjusted to 0./5

C 1.20

Q 2.34 9.21 3.29 30.52 18.13
or 2.42 2.89 2.18 9.62 2.24 13.99
ab 24.50 41.05 26.77 44.71 34.33 41.46
an 21.78 13.36 22.48 6.12 15.98 6.85
di 21.34 5.04 11.29 3.73 0.61
hy 17.67 18.54 12.78 21.32 6.42 11.69
ol 4.63
mt 2.86 2.20 2.29 1.77 0.76 1.07
il 5.84 2.24 3.39 1.56 2.39 0.99
ap 0.25 3.52 3.45 5.37 2.18 1.78

I Iron adjusted to Fe,O/FeO = 0.15, probably a minimum value

I 'Basalt' mesostasis, med -Ti basalt, GGU 98763, Magga Dan Formation.
2 'Tholeiitic andesite' mesostasis, low-Ti basalt, GGU 98262, Skrænterne Formation.
3 'Andesite' mesostasis, titano-tholeiite, GGU 98878, Skrænterne Formation.
4 'Dacite' mesostasis, med -Ti basalt, GGU 98470, Geikie Plateau Formation.
5 'Dacite' mesostasis, Hjørnedal marker, GGU 96913, Milne Land Formation.
6 'Dacite-rhyolite' mesostasis, high-Ti basalt, GGU 98554, Skrænterne Formation.

All 'names' given according to the c1assification of 1rvine & Baragar (1971).

Residual produets

The ultimate crystallisation products mostly consist of
glass which is now in more or less advanced states of
decomposition, ranging from palagonitisation with hy
dration and alkali loss to complete conversion to clay
minerals. As illustrated by Table 9 most rocks contain
1-7% 'glass', and additionally they contain up to 4%
mesostasis which is a very fine-grained polycrystalline
aggregate with tiny oxide speckles and occasional apa
tite needlets. The fine-grained, polyerystalline meso
stasis represents relatively unmodified late-stage liq
uids. Broad beam analyses of some of these are pre
sented in Table 13. The late-stage produets may be

charaeterised as tholeiitie andesite-dacite-rhyolite
rather like the differentiated rocks ('icelandites' etc.)
from the Thingmuli central volcano, Iceland (Carmi
ehael, 1964). They do not, however, conform to a single
trend as the rocks of Thingmuli. The residual products
from the titano-tholeiites are very iron-rieh and magne
sium-poor, and those from the Hjørnedal marker are
very siliea-rich and alkali-poor.

Secondary minerals

The mineral chemistry study of the basalts was een
tred on the primary phases, and the samples selected for
microprobe analysis were ehosen to be poar in seeond-



ary minerals. The study of the secondary minerals is
therefore far from complete, and the notes given below
on zeolites, clay minerals and carbonates are cursory.
.. Zeoliles. Zeolites are commonly found in the upper
scoriaceous parts of the lava flows, as described in the
section on zeolite zonation. The basalt samples co1
lected for rock and mineral chemistry come from the
lower, massive parts of the lava flows and normally do
not contain zeolites. It is difficult ar impossible to iden
tify zeolites by chemical analysis alone, because several
zeolites have near-identical chemical formulae and
sometimes the only difference lies in the water content.
Zeolites are very unstable under electron bombard
ment, and microprobe analyses tend to give toa high
figures. The identity of same of the zeolites presented in
Table 14 is therefore only suggested.

Most of the zeolite analyses perforrned are from the
Mg-rich lavas of the Rømer Fjord Formation. In these
lavas zeolites fill out large and extensive interstitial ar-
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eas. As identified by crystal optics and microprobe the
most common zeolites in these rocks are clear, massive
aggregates af chabazite, stilbite or scolecite, while lesser
amounts of radiating fibrous aggregates af thomsonite
and phil!ipsite also occur. Microprobe analyses of these
phases are presented in Table 14.

Clay minerals. Clay minerals are present in most bas
alt samples. Amygdales in vesicular basalt may be lined
with or completely filled out with clay minerals, and
many massive basalt samples contain interstitial clay
material produced by alteration of interstitial glass. Oli
vine is in many cases partly or completely altered to
clay. In the field several occurrences of 'chlorophaeite'
were noted, with the characteristic colour change upon
exposure from bright lustrous olive-green to dull black,
described by e.g. Campbel! & Lunn (1925). Grass-green
'celadonite' occurs in some vesicular samples.

The microprobed samples are massive, and the in
terstitial clay minerals and the clays replacing olivine

Table 14. Microprobe analyses of interslitial zeolites

2 3 4 5 6

SiO l 46.08 39.35 55.75 56.15 51.00 46.72

AIP.1 24.68 29.04 18.66 19.11 22.08 24.19
FeO 0.00 0.00 0.14 0.23 0.00 0.00
MgO 0.15 0.00 0.18 0.34 0.16 0.08
CaO 10.76 12.73 9.01 7.70 11.62 7.77

Nap 1.95 3.70 0.48 0.00 0.23 1.46
Kp 0.98 0.00 0.85 3.82 0.09 5.96

84.59 84.82 85.07 87.35 85.18 86.18

Ca/ions based an 72 oxygens water-free

Si
AI
Fe
Mg
Ca
Na
K

Si+AI

22.108 19.237 25.806 25.672 23.842 22.444
13.959 16.737 10.183 10.300 12.\69 13.700

0.054 0.088
0.107 0.124 0.232 0.11\ 0.057
5.53\ 6.668 4.469 3.772 5.82\ 3.999
1.814 3.507 0.431 0.208 1.360
0.600 0.502 2.228 0.054 3.653

44.\20 46.149 41.569 42.292 42.205 45.213

36.067 35.974 35.989 35.972 36.011 36.144

Massive, blocky anhedral zeolite with scolecite-like composition, MORB type basalt, GGU 98550, Rø
mer Fjord Formation.

2 Thomsonite, aggregate of radiating, fibrous crystals. GGU 98550.
3 Stiibite, clear interstitial aggregates of large anhedral crystals. Olivine tholeiite, GGU 98871, Rømer

Fjord Formation.
4 POtassic stiibite, round 'bleb' in centre of previous crystal.
5 Clear massive zeolite with chabazite·like composition. GGU 98871.
6 Phillipsile, radiating crystals growing marginally on a scolecite-filled vug. High-Ti basalt, GGU 98501,

Geikie Plateau Formation.
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Table 15. Microprobe analyses of clay minerals and carbonates

7 8

atomie percenlages

FeO 9.96
MnO 0.00
MgO 40.48
CaO 0.31
CO 2 caIc. 50.53

101.28

Si02

Ti02

AI 20,
Fe20;i
MnO
MgO
CaO
Na20
Kp

Si
Ti
AI
FeJ·
Mn
Mg
Ca
Na
K

2 3 4 5 6

37.87 43.35 19.09 49.48 42.28 54.27
0.00 0.00 0.00 0.00 0.10 0.40
8.94 5.78 2.84 7.23 5.17 17.46

17.53 13.15 55.12 16.21 29.84 4.65
0.00 0.00 0.55 0.00 0.34 0.00

21.57 17.60 4.77 12.24 11.60 5.17
0.51 1.51 1.01 1.50 2.99 1.65
0.00 0.42 0.35 0.43 0.25 0.59
0.11 0.89 0.00 1.21 0.55 1.81

86.53 82.70 83.73 88.30 93.12 86.00

calions based on 22 oxygens water-free

5.782 6.784 3.671 7.205 6.246 7.631
0.011 0.042

1.609 1.066 0.644 1.241 0.900 2.894
2.014 1.549 7.976 1.776 3.318 0.492

0.090 0.043
4.908 4.105 1.367 2.656 2.554 1.083
0.083 0.253 0.208 0.234 0.473 0.249

0.127 0.130 0.121 0.072 0.161
0.021 0.178 0.225 0.104 0.325
4.417 14.061 14.085 13.459 13.721 12.877

Fe
Mn
Mg
Ca

12.D7
0.00

87.46
0.47

50.95
1.02
2.10
5.99

38.83
98.89

80.36
1.63
5.90

12.11

t All iron quoted as Fe20 J •

1 Brownish green clay, olivine pseudomorph. Mikis type basalt, GGU 98593, Milne Land Formation.
2 Light yellow centre of olivine pseudomorph. Med -Ti type basalt, GGU 98575, Geikie Plateau Forma

tion.
3 Clear dark-brown hydrated iron oxide silicate; rim on olivine pseudomorph of previous analysis. GGU

98575.
4 YelJow interstitia1 devitrified glass. GGU 98575.
5 Clear brown interstitia1 devitrified glass. Low-Ti type basalt, GGU 98536. Geikie Plateau Formation.
6 Brown lining on zeolite-filled vesicle. Titano-tholeiite, GOU 98878, Skrænterne Formation.
7 Radiating carbonate filling vesicle. Glassy high-silica basalt, GGU 98788, Magga Dan Formation.
S Massive carbonate filling vesicle. Pillow lava, GGU 98788, Magga Dan Formation.

are seen in the microscope as transparent yellowish or
sometimes greenish or brownish aggregates. 'Glass'
inclusions in phenocrystic olivine or plagioclase now
consist of orange-brown to dirty green fibrous clay min
erals, sometimes associated withdark brown masses of
amorphous ?iron silicate hydrate. The microprobe anal
yses (Table 15) show that the clays compositionally are
smectites, i.e. Fe and Mg-rich, AI-poor clays with rather
variable compositions. These alteration products are
similar to those analysed by B6hlke et al. (1980) from
ocean floor basalts.

Carbonate. Like the zeolites, carbonate is not a com
mon constituent of the normal massive basalt samples,
although it is widespread in the brecciated flow tops. A
few microprobed basalt samples contain sparse calcite
interstitially or atter olivine, while the high-silica pyro-

clastic breccias in the Magga Dan Formation contain
vesicle fillings of carbonates which are members of the
siderite-magnesite (Fe2C03 - Mg2C03) solid solution
series. These are compositionally very variable, even
within one vesicle, and range from Ca,2Mg6Fes2 to
CaoMgssFe12 (Table 15).

Minerals in alkaline rocks

Fig. 62 shows features of the feldspar and pyroxene
compositions of the alkali basaltic and hawaiitic rocks.
The alkali basalt dyke from Gåseland (96921) contains
labradorite feldspar laths rimmed by oligoclase and al
kali feldspar, and its brown-tinted augites are distinctly
more calcic than the augites from the tholeiites.
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Table 16. Microprobe analyses of glasses from the Scoresby Sund basalts

GGU No. 9t791 96928 98788 98842 215830 98514 215692 98890

SiO l 53.21 53.16 54.31 48.64 47.50 48.25 47.86 46.85
TiO l 1.86 2.19 1.72 2.72 3.61 3.66 3.79 5.09
AI,O, 13.95 13.78 14.45 13.06 12.59 12.07 11.70 11.80
Cr,O, 0.03 0.02 0.04 0.00 0.06 na na na
FeO* 10.00 10.34 9.25 13.32 13.45 14.95 15.69 16.43
MnO 0.06 0.00 0.04 0.18 0.18 0.30 0.20 0.17
MgO 6.10 5.51 4.83 6.28 6.00 5.51 5.01 4.83
CaD 9.72 9.12 9.79 10.37 11.11 10.96 10.12 9.36
Nap 2.87 2.92 2.72 2.82 2.66 2.62 2.80 2.79
K,O 0.77 0.99 0.80 0.40 0.43 0.39 0.54 0.95
P,O, 0.17 0.21 0.16 na na 0.28 0.39 na

98.74 98.24 98.11 97.79 97.59 98.99 98.10 98.27

Mg/(Mg+Fe'+) 0.552 0.519 0.514 0.488 0.474 0.427 0.392 0.373

CIPW norms

Q 3.83 4.58 7.49

or 4.55 5.84 4.72 2.36 2.54 2.30 3.18 5.60
ab 24.26 24.68 23.00 23.82 22.47 22.13 23.64 23.55
an 22.88 21.54 24.83 21.76 21.10 19.98 17.72 16.83
di 19.86 18.35 18.69 24.50 28.04 27.06 24.98 24.68
hy 17.53 16.63 13.96 12.81 9.21 16.69 16.94 10.53
ol 4.84 4.76 0.40 0.54 4.28
mt 1.91 1.98 1.77 2.55 2.57 2.86 3.00 3.14
il 3.53 4.15 3.26 5.16 6.84 6.94 ·7.18 9.65
ap 0.39 0.49 0.37 0.65 0.90

An% 47.06 45.14 50.44 46.26 46.96 45.98 41.40 40.24

Mg ratios and norms calculated with Fe20/FeO = 0.15.

98791 High-Si basalt glass, pillow breccia, Magga Dan Formation.
96928 High-Si basalt glass, pillow brecia, Magga Dan Formation. Bulk rock analysis in appendix, first

row.
98788 High-Si basalt glass with orthopyroxene phenocrysts, pillow breccia, Magga Dan Formation. Bulk

rock analysis in appendix.
98842 Med-Ti basalt glass, dyke from Gåseland. Bulk rock analysis in appendix.

215830 Titano-tholeiite glass, big feldspar basalt. Rømer Fjord Formation.
98514 Titano-tholeiite glass, pillow breccia, lower part of Geikie Plateau Formation. Analysis of same

lava in appendix, profile 52, 98516.
215692 Titano-tholeiite glass, pillow breccia, lower part of Skrænterne Formation.

98890 Titano-tholeiite glass, late dyke south of Scoresby Sund. Bulk rock analysis in appendix.

except for sample 98788 in which the olivine is obviously
toa magnesian. The equilibrium olivine compositions
calculated from the bulk rock analyses of the micro
probed samples are plotted in fig. 46.

The composition of plagioclase crystallising at known
temperature and low pressure from a dry melt of known
composition may be calculated after the method of
Drake (1976). Results of this calculation, compared
with measured phenocryst compositions, are shown in
Table 18. The concordance between calculated and
measured compositions is not always good; in the Si
rich rocks (98791, 96928 and 98788) the calculated pla-

6"

gioclase compositions fall completely out of the range of
measured compositions, and the same is the case for the
titano-tholeiite sample 98890. The discrepancy is largest
for the bulk rock-based calculated plagioclases, these
being toa An-rich by 6-14% An. The same impression
was gained by comparing calculated and measured pla
gioclases for the microprobed samples, and the calcu
lated plagioclases are therefore not shown in the plagio
clase diagram (fig. 52). The identification of plagioclase
xenocrysts therefore relies on textural and analyticai
evidence, and this is mostly adequate.

The composition of pyroxene crystallising from a
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Table 17. Geothermometry of the glassy rocks

Olivine-liquid Plagioc1ase-liquid Olivine-spinel
equilibrium equilibrium equilibrium

Glass Olivine Plagioc1ase Spine!
GGVNo. Mg ratioa FoOJo TOC· TOCe AnOJo TOCd Mg ratio TOC'

98791 0.552 80.0 1159 1155 65.0 1170 0.464 10%
96928 0.519 77.6 1145 1144 65.0 1166 0.461 1078
98788 0.514 81.5 1105 1190 62.7 1169 0.470 962
98842 0.488 75.6 1183 1154 69.3 1180

215830 0.474 75.3 1178 1142 71.7 1181
98514 0.427 70.7 1170 1124 65.3 1177

215692 0.393 68.2 1160 1112 61.6 1178
98890 0.373 65.4 1158 1112 56.3 1178

a Glass Mg ratios calculated assuming Fe20/FeO = 0.15.
b Temperature calculated after Roeder & Emslie (1970), TMg •

c Temperature calculated arter Ford et al. (1983), TMg •

d Temperature calculated after Kudo & Weill (1970), with modifications by Mathez (1973), PH o = l atm.
e Temperature calculated arter Roeder et al. (1979). 2

known melt mayaiso be calculated (Nielsen & Drake,
1979). The uncertainty inherent in this calculation is,
however, larger than the generally expected differences
between equilibrium and xenocrystic pyroxene, and au
gite xenocrysts have only been identified when they are
optically or chernically distinct from the normal augite
in a sample.

The olivine equilibration temperatures calculated for
the glasses are consistently amund 100 higher than the
'measured' temperatures. This is an effect of the calcu
lation method of Ford et al. (1983). The temperatures
calculated for the bulk rocks are higher by up to 600

than the calculated glass temperatures. This difference
represents a real cooling interval from the olivine liq
uidus intersection down to the quenching of the glass.
The actual extrusion temperature must lie in this in
terval. The Ford et al. (1983) bulk rock temperatures
were used in constructing the temperature-composition
diagram (fig. 69) for the total basalt suite. Compared to
temperatures calculated from the Roeder & Emslie
(1970) equation, the Ford et al. (1983) temperatures are
10--200 lower in the Mg-rich end and 30-40° lower in the
Fe-rich end of the compositional spectrum.

Table 18. Comparison of calculated and measured temperatures and phenocryst compositions in glassy rocks and
corresponding bulk rocks

Olivine Plagioc1ase
GGU No Mg ratio" TOC~"lc TOC~~'a~ FO('70~"lc Fo07o~ll:a:- AnOJo:",c An07o~cas

98791 glass 0.552 1166 1155 79.0 79.4- 80.0 72.9 63.4 - 66.2

96928 glass 0.519 1153 1144 76.6 77.1 - 80.5 71.1 59.7-65.8
bulk 0.599 1212 81.9 78.1

98788 glass 0.514 1121 1090 75.9 81.5 - 83.2 71.5 61.9- 65.4
bulk 0.540 1162 77.4 74.6

98842 glass 0.488 1164 1154 74.8 74.2 -75.8 71.5 63.7-75.0
bulk 0.517 1165 76.6 77.3

115830 glass 0.474 1149 1142 74.0 75.3 -78.3 70.7 65.0-76.5
bulk 0.498 1160 75.8 76.5

9851~ glass 0.427 1132 1124 69.4 70.7-75.5 67.7 64.2-69.3
98516 bulk 0.480 1151 74.0 75.3

215691 glass 0.392 1125 1112 66.1 67.6 - 71.1 64.0 61.6-76.8

98890 glass 0.373 1122 J 112 64.9 65.2-66.7 64.9 56.3 - 60.6
bulk 0.419 1138 68.7 71.7

a Mg ratios ratios calculated assuming Fe20/FeO = 0.15.
b Temperatures calculated from glass/bulk rock analysis by the method of Ford et al. (1983), T,um'
c Temperatures calculcated from glass-olivine thermometry arter Ford et al. (1983), TMg (Table 17).
d Equilibrium olivine composition calculated from glass/bulk rock analysis by the method of Ford et al.

(1983), p = I atm.
e Olivine phenocryst compositions as measured with the microprobe.
f Equilibrium plagioc1ase composition calculated from glass/bulk rock analysis by the method of Drake

(1976), with T = Teale'
g Plagioc1ase phenocryst composition as measured with the microprobe.
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Fig. 66. Comparison chart for
various widely used variation pa
rameters. While the lower axis
(weight MgO) is necessarily only
approximate, being independent
of FeO, the three ratios are
uniquely correlated. Useful con
version factors are, for Fe20/
FeO, adjusted to 0.15: if weight
FeO*/(FeO* + MgO) = a, and
weight FeO*/MgO = b, then Mg
ratio = 1/(1 + 0.4944 x a/(l-a»
= 1/(1 + 0.4944 b).
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divide about equaIly into high magnesia basalts and low
magnesia basalts, the division (at FM index = 65, Mg
ratio = 0.52) cutting right through the natural chemical
groupings set out below. Only four samples classify as
ferrobasalts (FM> 74, Mg ratio :5 0.415).

From variation diagrams as those in fig. 72 it is clear
that the lavas come in some natural chemical groups.
The main part of the basalts have Mg ratios less than
0.57, and these are called the 'main basalts'. A few
specific lavas or lava units have Mg ratios above 0.57
and are called the 'Mg-rich basalts'. Within both
groups, sub-groups are distinct, and these are summar
ised in Table 19 and discussed below.

The division between Mg-rich basalts and 'main bas
alts' is approximately coincident with Jakobsson et al.'s
(1978) distinction at FeO*IMgO = 1.4 (Mg ratio = 0.59)
between olivine tholeiites erupted from shield volca
noes and fissure-erupted tholeiites on the Reykjanes
Peninsula. As described in the stratigraphy chapter
there is evidence that some of the Mg-rich basalts in the
Scoresby Sund region form lava shields (the upper and
lower compound units of the Rømer Fjord Formation),
and the coincidence appears to be significant.

Main basalts

The main basalts with Mg ratios less than 0.57 consti
tute 96% of the total lava volume (Table 7). They are
divided into four types based on their Ti02 contents.
The basis for the division is the feature that appears
from fig. 72, and is iIIustrated in histograms in fig. 67,
that certain values of Ti02, viz. 2.25%,2.8% and 3.5%,
are seldom or never attained, and that these values are

the same in the different formations. Thus low-Ti bas
alts have Ti02 contents below 2.25% but somewhat
depending on the Mg ratio (see e.g. fig. 72 partial
diagram b; this tends to blur the histograms in fig. 67),
medium-Ti basalts have Ti02 contents between 2.25%
and 2.79%, high-Ti basalts have Ti02 contents between
2.80% and 3.49% and titano-tholeiites have Ti02 con
tents of 3.50% or greater. The term 'titano-tholeiite'
has been coined to convey the Ti-rich, yet non-alkaline
nature of this basalt type. They are not ferrobasalts in
the sense of Wood (1978) and Flower et al. (1982).

The division of the main basalts into four groups is
most evident in the lower basalt sequence (Magga Dan,
Milne Land and Geikie Plateau Formations). In the
upper sequence (Rømer Fjord and Skrænterne Forma
tions) and in the Igtertivå Formation the minimum at
2.8% Ti02 is not present, and consequently the me
dium-Ti and high-Ti basalts are combined as medium
high-Ti basalts. In the Skrænterne and Igtertivå Forma
tions there is an indication of a natural group limit at
3.0% Ti02 (fig. 72), and this limit was used in figs 24, 29
and plate 2 to indicate the relatively few lavas with
3.0-3.5% Ti02• The distribution pattern of the inland
dykes is similar to that of the Geikie Plateau Formation.
That of the coastal dykes shows no significant minima
between 1.5% and 3.2% Ti02; but to facilitate compari
son with the basalt formations a low-Ti group is some
what arbitrarily distinguished for the coastal dykes (fig.
72).

Mg-rich basalts

The Mg-rich basalts are either single lava flows or, in





The olivine tholeiites of the Rømer Fjord Formation
have lower Mg ratios than the Mikis type lavas. Relative
to their Mg ratios they have high contents of TiOz and
PzOs' The lavas in the lower compound unit are the
typical olivine tholeiites, while those in the upper com
pound unit have Mg ratios below 0.57 and classify
strictly speaking as main basalts of med-high-Ti type.
They have, however, higher Mg ratios than any other
main basalts with similar TiOz contents (fig. 72), and
their chemical as well as their petrographic character
indicate that they are differentiated olivine tholeiites.

The MORB type lavas of the Rømer Fjord Formation
are, in strong contrast to the olivine tholeiites, unusu
ally low in TiOz, PzOs and alkalies. In this they resemble
ocean floor basalts (MORB). These few lavas span a
considerable range in Mg ratios (fig. 72).

The Hjørnedal marker is a single voluminous flow in the
Milne Land Formation with a composition that is dis
tinct from all other flows. In the TiOz-Mg ratio plot (fig.
72) it overlaps with the olivine tholeiites but, in con
trast, the HjØrnedal marker is relatively high in SiOz (c.
50%, compare the plots in fig. 73) and is usually quartz
normative, while the olivine tholeiites have up to 15%
normative olivine. The Hjørnedal marker flow should
thus not be terrned an olivine tholeiite. This lava flow
shows lateral compositional variation. Samples from the
eastern profiles have the lowest Mg ratio and are quartz
normative, while the samples from the two western
profiles 71 and 72 have the highest Mg ratios and are
olivine normative. The lava may have been erupted
from a zoned magma chamber. It is later shown to be a
mixture of main basalt and Mikis type basalt.
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High-Si basalts

Lavas with unusually high SiOz contents are found in
most formations. These lavas are easily noticed in the
alkali/silica diagram (fig. 73). Six lavas have more than
52% SiOz and thereby plot in the basaltic andesite field
in the alkali-silica classification diagram of Le Bas et al.
(1986). However, the rocks in question do not show
other geochemical evidence of being more fractionated
than the other basalts; they are definitely not andesitic,
and they are here included with the other high-Si bas
alts. A SiOz value above 51 % (50.5% for the Skræn
terne Formation because of flow correlation) was used
to assign samples to this group. It is not a homogeneous
group but may include lavas of any of the other types in
Table 19 with sufficiently high SiOz contents, possibly
due to crustal contamination (increased 87Srj86Sr ratios,
Table 21). In many cases, the composition of a high-Si
sample still clearly indicates to which type it originally
belonged, and only for the high-Si lavas from the Magga
Dan Formation and the singular high-Si lava from the
Geikie Plateau Formation is there any doubt about the
original chemical affiliation. The high-Si basalts from
these two formations have high Mg ratios and were
possibly inherently different and less evolved than the
'normal' basalts.

Throughout this bulletin it has been aUempted to use
a consistent set of symbols for the various chemical
types. The keys to these symbols are given in fig. 68.
The inevitable exceptions to the system are noted as
such in the appropriate figure captions.

Fig. 68. Formation codes, litho
logicai and chronological divi
sions, and key symbols for the
various chemical types of the
Scoresby Sund basalts. This nota
tion is used throughout the work
except where otherwise stated.
The chemical types are described
in the text.

Lithology Lithology Chronology

IF Igtertivå Formation third episode
SF Skrænterne Formation } upper basalt sequence second episodeRFF Rømer Fjord Formation
GF Geikie Plateau Formation }MLF Milne Land Formation lower basalt sequence first episode
MF Magga Dan Formation

Key symbols

lower basalt sequence upper basalt sequence

• titano-tholeiite • titano-tholeiite
'" high-Ti type '" RFF high-Ti type

.. SF upper unit } m.ed-high
• med-Ti type • SF lower unit TI type
o low-Ti type o low-Ti type
• high-Si basalt • high-Si basalt
® high-Si basalt with • RFF MORB type

orthopyroxene phenocrysts ~ RFF upper compound unit
H Hjørnedal marker o RFF lower compound unit
+ Mikis type
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The olivine tholeiites of the Rømer Fjord Formation are
thus relatively dense. The titano-tholeiites with density
> 2.75 are all relatively silica-poor rocks with Si02

contents of 47-48%, from the upper Geikie Plateau and
Rømer Fjord Formations. In contrast, the less dense
Igtertiva Formation lavas have Si02 contents of 49-50%
(see fig. 73).

In conclusion, the density pattern in fig. 70. is ex
pected and explicable. Though the density differences
are small, they are crucial for the fluid dynamic beha
viour of the magmas during intrusion, mixing and erup
tion, as discussed by Sparks et al. (1980) and Sparks &
Huppert (1984).

Discussion of major elements

Compositional variations within the basalt pile
and dykes

Each basalt formation has a compositional pattern
that is characteristic and different from those of the
other formations. In several cases, the compositional
pattern within a formation ean be used to establish a
relatively detailed stratigraphy, as earlier described.
This section is concerned with the overall variation pat
tern within the basalt pile and dykes.

Variation diagrams of Ti02 v. Mg ratio are shown in
fig. 72. From these diagrams the division of the basalts
into the various chemical types is clearly apparent. The
groupings are especiaIly clear in the Milne Land and
Rømer Fjord Formations, while the pieture for the Gei
kie Plateau Formation is diffuse when all data are plot
ted in one diagram. This is because the Geikie Plateau
Formation shows lateral compositional variation, with
Mg ratios decreasing from the inland areas towards the
Atlantic coast to the SE. This is demonstrated in the
sub-diagrams a, b, c of fig. 72 from the Geikie Plateau
Formation. Diagram b shows four very well-defined
clusters corresponding to the four successive units of
main basalt in this formation (Plate 2).

The Skrænterne Formation shows no lateral varia
tion. A characteristic feature of the Skrænterne Forma
tion in all types of geochemical diagrams is that the
analyses plot in larger, 'looser' clusters than those from
the two other uniform formations, the Magga Dan and
Geikie Plateau Formations, which form relatively small,
tight clusters. This is ascribed to the porphyritic nature
of the Skrænterne Formation, although definite signs of
crystal accumulation have only been found in a few
samples. The Geikie Plateau Formation forms the clear
est magmatic evolution trends.

Lateral compositional variation is found in the Rømer
Fjord Formation where the lavas, especiaIly the two

compound units, become increasingly olivine normative
towards the south-east, i.e. towards the Blosseville
Kyst.

The vertical variations through the basalt pile are
considerably more conspicuous than the lateral varia
tions, and some variations are repeated through the two
major sequences or vo1canic episodes. Mg-rich tholei
ites are only present in the lower part of each sequence
(MiIne Land and Rømer Fjord Formation), and even
within the main basalts there is a systematic decrease in
Mg ratio through each sequence. For similar Ti02 con
tents the main basalts of the Magga Dan and Milne
Land Formations have relatively higher Mg ratios than
the overlying Geikie Plateau Formation (fig. 72), and
the same feature is apparent for the main basalts of the
Rømer Fjord Formation in relation to the overlying
Skrænterne Formation (fig. 72). The lavas of the Skræn
terne Formation have the lowest Mg ratios for similar
Ti02 contents in the two major sequences, while the
lavas from the Igtertiva Formation have similarly low
Mg ratios.

Another feature varying with stratigraphic height is
the TiOz concentration which decreases with height in
each of the two major sequences and ends with a re
versal to higher values (Plate 2). Low-Ti basalts only
occur near the top of each sequence. Further, the his
tograms in fig. 67 show that up through the whole lava
pile the TiOzdistribution is gradually displaced towards
lower values of Ti02• The histograms represent the
number of analysed samples, but they do give an ap
proximately correct impression of the volume relation
ships (cf. Table 7), and thus it is seen that with time
TiOz-poor lavas become increasingly important; a trend
which seems to have continued into the coastal dyke
swarm.

In some aspects, the two major v01canic sequences
are different. As shown in the combined profile, fig. 3,
the normative character of the lavas changes gradually
from quartz normative in the lower part of the succes
sion to olivine normative in the middle and upper parts.
Thus, the first vo1canic sequence started with quartz
normative products and only developed olivine norma
tive products in its upper part, while the lavas of the
second sequence are almost exclusively olivine norma
tive. The 'reversals' at the end of both sequences devel
oped a near-saturated character.

The development in normative character up through
the succession is directly related to the silica content of
the lavas, as shown in the alkali/silica diagrams in fig.
73. The silica content is maximum, around 50%, in the
Magga Dan Formation lavas and decreases to a mini
mum, around 48%, in the Rømer Fjord Formation,
followed by an increase to about 49% in the Skrænterne
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lower Cr and Ni contents than the earlier basalts. There
is virtuaIly no overlap in Cr and Ni between the lower
sequence and the Igtertivå Formation (fig. 80), and this
feature is also seen in the inland and coastal dykes
which are interpreted to have fed the two sequences
respectively. Those samples of the upper sequence that
overlap into the Igtertivå Formation field are from the
upper unit in the Skrænterne Formation, i.e. they are
those closest in age to the Igtertivå Formation.

The basalts of the Magga Dan Formation have the
highest Cr contents (313-365 ppm) of the main basalts,
and there seems to be a development through the whole
lava sequence toward generally lower Cr contents with
time. No such feature is seen for Ni.

Se, V, Cu and Zn. Sc maintains relatively constant
levels within the various basalt groups, while V, Cu and
Zn increase with fractionation (fig. 81). Within the main
basalts (lower sequence) these elements vary by factors
of 1.2, 1.5, 2.4 and 1.5 respectively. Sc and Vare
incorporated in clinopyroxene, and Zn probably in oli
vine, while Cu appears to be strongly incompatible. The
basalts of the Igtertivå Formation and partly of the
Skrænterne Formation tend to have relatively low con
tents of V, Cu, and especiaIly Zn.

The Mg-rich basalts show parallel trends in fig. 81,
with the Mikis type being relatively rich in V, Cu and
Zn. Sc is one of the few trace elements that is not
enriched in the Mikis type basalt.

The lowest Sc contents are found in the olivine tholei
ites and the main basalts of the Rømer Fjord Forma
tion. This suggests that clinopyroxene fractionation
started at an earlier stage in these basalts than in the
others, perhaps at high pressure. Cpx is not petrograph
ically phenocrystic. Clinopyroxene fractionation in the
Rømer Fjord Formation is also indicated by the de
crease in CaO/AI20 3 with fractionation (fig. 78) and the
direction of the fractionation trend in the ol-cpx-pl dia
gram fig. 74a. In contrast, the MORB type basalt from
the same formation shows no signs of early clinopyrox
ene fractionation.

The Sc diagram also indicates that the main basalts of
the Rømer Fjord Formation may be more closely re
lated to the olivine tholeiites from the same formation
than to the main basalts of the other formations. This is
substantiated by the ZrlNb ratios described below.

TiN ratios have been used to characterise rocks of
various tectonic settings (Shervais, 1982). The Scoresby
Sund basalts have TiN in the range 30-60, and usually
35-50. These values are intermediate between those of
MORB (20-50) and Hawaii (40-60).

Ba, Sr, Rb, Y, Zr, Nb. Ba and Sr are moderately

incompatible when feldspar is not fractionated. Ba is
preferentially incorporated in alkali feldspar, and Sr in
plagioclase. In the Scoresby Sund basalts both elements
are nearly constant during fractionation (fig. 82), also in
the Mg-rich basalts. The Mg-rich basalts form three
parallel trends with different levels of Ba and Sr, the
Mikis type being the richest in Ba and the olivine tholei
ites richest in Sr. The Igtertivå Formation and the dykes
have Ba and Sr contents similar to the other basalts.
The high-Si rocks are without exception distinctly en
riched in Ba (around two times 'normal' contents).

Rb, Y, Zr and Nb are all incompatible and show
increasing concentrations with fractionation (fig. 82).
Rb is extensively redistributed in the lavas, and the
primary fractionation trend in fig. 82 is inferred. How
ever, it is clear that all the high-Si. rocks are enriched in
Rb by two to three times 'normal' contents. Rb (and K)
in the dykes appear to be much less redistributed than in
the lavas.

Y, Zr and Nb are not easily redistributed, and these
elements have been extensively used in discussions of
tectonic setting and petrogenesis. The Scoresby Sund
basalts show significant variability with respect to these
elements.

The Mg-rich basalts form parallel trends with differ
ent leveIs of Y, Zr and Nb, the Mikis type always with
the higher level and the MORB type with the lower.

The geochemically coherent suite of the Geikie Plat
eau Formation (mainly from profile 52) shows different
levels of Zr and Nb, independent of the Mg ratio (fig.
82), corresponding to the four TiOrbased chemical
groups (fig. 72). Y shows the same tendency but less
clearly, due to analyticai uncertainty. In this suite the Zr
range is 118-226 ppm (92%), the Nb range is 10.5-21.5
ppm = 105%, and the Y range is 26-38 ppm = 46%. Y
is thus distinctly less incompatible than Zr and Nb and is
probably incorporated into augite like Ti02 (the corre
sponding Ti02 range is 2.08-3.62 wt% = 74%). ZrlY
and NblY ratios will therefore increase during fraction
ation within one suite of rocks, while Zr/Nb ratios will
be very nearly constant.

Fig. 83 shows a plot of Zr v. Nb for the lavas. The
various formations are separated in some very clear
groups, and there is a systematic development towards
lower Zr/Nb ratios with time from the Magga Dan to
the Rømer Fjord Formation. The high-Si basalts plot in
the trend of the formations they belong to, except the
two most Si-rich ones from the Magga Dan Formation
which are evidently displaced in the direction of the
basement that contaminated them (see later). It is nota
ble that the trend for the Milne Land Formation in
cludes both the Mikis type and the main basalts, and
consequently also the Hjørnedal marker which is con-
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Table 21. 87Sr/86Sr and Rb/Sr ratios in the Scoresby Sund basalts

GGU No. Formation Basalt type Rb/Sr 87Sr/86Sr

98536 Geikie Plateau low-Ti 0.0205 0.7034
98489 med-Ti 0.0220 0.7035
98511 Ti-tholeiite 0.0301 0.7034
98544 Rømer Fjord Mg-rich basalt 0.0084 0.7034

98641 Magga Dan med-Ti 0.0137 0.7037
98549 Rømer Fjord MORB 0.0055 0.7038
96882 Milne Land Hjørnedal 0.0133 0.7039

96487 Milne Land Mikis 0.0111 0.7045
98561 Skrænterne high-Si 0.0423 0.7057
98761 Magga Dan high-Si 0.0360 0.7079

Rb/Sr ratios measured by XRF at Geologisk Centralinstitut, University of Copenhagen, analyst
J. C. Bailey.

87Sr/86Sr ratios measured at Geologisk Centralinstitut, University of Copenhagen, analyst O.
Larsen.. The standard deviation is l on the fourth decimal place, while an age correction of
50Ma only affects the fifth decimal place. The ratios are therefore given as measured.

does not appear to be significantly different from the
Geikie Plateau Formation. Similar Sr isotope values
were found in lower Tertiary basalts from the lower
plateau lava series of Hold with Hope (Upton et al.,
1984), the Faeroes and West Greenland (Carter et al.,
1979).

Slightly higher isotope ratios are found in a Magga
Dan Formation lava, in a MORB type lava, and in the
Hjørnedal marker flow (0.7037-0.7039). The Magga
Dan Formation lava is thought to be slightly contam
inated with continental crustal material, as discussed
later. The Hjørnedal marker flow is a mixture of main
basalt and Mikis type basalt (see section on magma
mixing).

Holm (1988) found an 87Srj86Sr ratio of 0.7037 for two
lavas from the Igtertiva Formation, which may thus
have slightly higher Sr isotope ratios than the earlier
main basalts.

The Mikis type basalt has a Sr isotope ratio of 0.7045,
clearly higher than the above-mentioned basalts. Simi
lar basalts from the Lower Basalts in the Kangerdlugs
suaq region have similarly higher Sr isotope ratios (Car
ter et al., 1979; Holm, 1988). This basalt type may
include material from another reservoir.

The two high-Si lavas, with 51.4 and 53.7% Si02,

have 87Sr/86Sr ratios of 0.7057 and 0.7079 respectively.
These results lend support to the contention that the
high-Si lavas were contaminated by continental crustal
material.

There are no data for the nephelinite tuff in the
Rømer Fjord Formation. However, nephelinites from
the Gardiner Complex, Kangerdlugssuaq, have initial

Sr isotope ratios around 0.7037 (Nielsen & Buchardt,
1985), and nephelinites from the nunatak zone at 74°N
have initial ratios around 0.7040 (Brooks et al., 1979).

The Sr isotopes are discussed in the chapter on petro
genesis.

Comparison with other basalt areas

The East Greenland plateau basalts are tholeiites rich
in iron and titanium ('FeTi basalts' of Brooks & Ja
kobsson, 1974) and relatively rich in a number of in
compatibie trace elements. Large volumes of such tho
leiites occur in two different tectonic environments: in
oceanic islands like Iceland, Hawaii and Galapagos, and
in areas with continental flood basalts like East Green
land, Deccan, Ethiopia, the Columbia River Plateau
and the Parana and Karoo Basins. It has been argued
that the mantle source of the basalts in both tectonic
settings is indeed the same, and that the continental
basalts are in most cases contaminated with continental
crustal material (Thompson et al., 1983; Anderson,
1985; Campbell, 1985). Holm (1985) distinguished two
major types of continental flood basalts: true intni
continent basalts, and plate-margin continental basalts.
The last category has 'oceanic' character and is discrimi
nated from the 'true' continental basalts in Ti02

K20-P20 s (Pearce et al., 1975) and Ti02-Nb-Th dia
grams (Holm, 1985). In this division, the rather sili
ceous and potassic, Ti- and Fe-poor Columbia River,
Parana and Karoo basalts are 'true' continental, while
the K-poor FeTi basalts from Deccan, Ethiopia and
East Greenland are plate-margin continental. (Data





waii plot in almost completely separate areas of the
TiOz-Mg ratio diagram (fig. 86), and Deccan and Score
sby Sund coincide roughly although the Deccan basalts
tend to have lower Mg ratios. It is notable that all the
tholeiites from Hawaii are very TiOz rich, and that
Kilauea actually produces a magma like the Mikis type
magma in Scoresby Sund. Kilauea and Mauna Loa on
Hawaii, and some of the individual lava formations on
Deccan, plot in separate fieIds in the Ti02-Mg ratio
diagram, and there are corresponding separations in the
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Nb-Zr diagram (fig. 87). For Deccan and Hawaii lavas
with high TiOz contents (for a given Mg ratio) have
higher Nb, slightly higher Zr, and lower ZrlNb. The
Scoresby Sund basalts partly conform to this pattem
(fig. 83), but the Mikis type magma has higher ZrlNb
than expected from its Ti02 contents, and the Igtertivå
Formation has lower ZrlNb than expected. All Deccan
basalts and most Hawaiian basalts have TiOz/P20 S simi
lar to the major part of the Scoresby Sund basalts.

Petrogenesis

The Scoresby Sund basalts include several magma
types, all of whjch except one are within the tholeiite
spectrum. The Mg-rich basalt types cornprise the Mikis
type basalt, the Hjørnedal type, the MORB type olivine
tholeiite, and the 'enriched' Rømer Fjord Formation
olivine tholeiite type. The 'main basalts' come in four
distinct groups (fig. 72). In addition, there are some
high-Si basalts and a strongly alkaline nephelinitic type.
None of the tholeiitic magma types are primary, and
various post-generational processes have contributed to
the compositional spectrum encountered. It will be con
cluded that the nephelinite, the Mikis type, the MORB
type, the Rømer Fjord Formation olivine tholeiite and
one or more parental 'main basalts' were independently
generated in the mantle. The Hjørnedal type is a mix
ture of Mikis type and main basalt, the four main basalt
groups result from processes in open magma chambers,
and the high-Si basalts are contaminated with continen
tal crust.

The post-generational processes took place in magma
chambers within and below the continental crust, and
these chambers and the processes therein must be con
sidered before addressing the generation processes in
the mantle.

Magma chambers

Once generated in the mantle the primary magma(s)
will tend to collect at the mantle-crust boundary be
cause of the density contrast there (e.g. Cox, 1980). In a
tensional environment, like East Greenland in the stage
of initiation of rifting and sea floor spreading, magmas
mayaiso proceed into the crust and form magma cham
bers there, and eventually erupt at the surface. The
continental crust in this part of East Greenland has an
estimated thickness of 25-30 km (H. C. Larsen, per
sonal communication, 1985). The magma in a magma
chamber at the crust-mantle boundary would thus be

under a pressure of at least 7 kbar, but the magmas that
erupted at the surface have equilibrated to lower pres
sure conditions. Low-pressure equilibration was shown
in the discussion of the phase relations in fig. 74. Cox
(1980) argued that it may be difficult to detect the
differences between fractionation at 1 bar and at higher
pressures up to around 10 kbar, because plagioclase is
stable throughout this interval. However, the phase re
lations do change, and this is illustrated in the phase
diagram in fig. 88 used by Thompson (1982, 1987). The
main basalts plot close to the 1 atm ol-pl-px cotectic but
are systematically displaced toward lower cpx values.
This is probably a pressure effect (Presnall et al., 1979).
It is difficult to quantify, but folIowing Thompson
(1987) pressures up to around 3.5 kb, i.e. around 13 km
depth, are indicated. The Mikis type magma is even
more displaced, and higher pressures for this may be
indicated. It is concluded that most of the magmas
finally equilibrated at a high level, and there must have
been magma chambers within the crust.

Shape and size ol magma chambers and vo/canic
systems

Magma chambers in rift zones are generally assumed
to be elongated parallel to the rift, and parallel to the
dominating dyke swarms. Some of the Columbia River
basalt flows were erupted from vent systems around 100

km long and less than 15 km broad (Swanson et al.,
1975). In contrast, feeder dykes for the Deccan basalts
occur over a broad area and have random orientations
(Beane et al., 1986). The dykes which from geochemical
similarities are believed to have fed the Geikie Plateau
Formation lavas occur in a rather loose and ill-defined
swarm in the inner fjord region, around 200 km long
and 60 km broad (fig. 32). The dense dyke swarm along
the Blosseville Kyst, which fed the Igtertivå Formation
lavas, is around 200 km long and 30 km broad (fig. 32;





Temporal developmenl of magma chambers and
eruption siles

During the time of the extrusion of the Magga Dan
Formation, when magma chambers were first estab
lished, they were probably small and very irregular. The
known activity was situated inland, with local eruption
sites on the Gåseland highland, and others in the low
land around Gåsefjord. The eastern and south-eastem
extent of the formation is not delimited, and there may
have been activity further than known in these direc
tions.

When the Milne Land Formation lavas were ex
truded, the magma chambers had merged to larger,
coherent units, and the first very voluminous flows were
erupted. Eruption sites are not known, but from lava
flow distributions (fig. 13) they appear to have been
concentrated in the Gåsefjord area. As for the preced
ing formation the eastern and south-eastern extents are
not delimited, and there may have been further activity
in these directions.

For the Geikie Plateau Formation lavas the eruption
sites known at present are situated in the inland regions
around Gåsefjord, but there may be others concealed
towards the east and south-east. The question arises,
whether the extensive basalts of this formation were all
filtered through the same magma chamber, or whether
there were several magma chambers. The possibility
that each of the successive units of the Geikie Plateau
Formation were erupted from different vo1canic systems
is rendered unlikely by the fact that dykes of all compo
sitional types (except titano-tholeiites) occur intermin
gled in the broad, loose feeder 'swarm'. The width of
this swarm (60 km or more) indicates that magmas were
available over wide areas, and the compositional differ
ences between the north-western, central, and south
eastern parts of the Geikie Plateau Formation lavas
indicate thai the magma had lateral compositional var
iations. The question of one or more magma chambers
may not be very relevant if the plumbing system had
developed into a complex and extensive system of more
or less interconnected magma pools, sills and dykes with
eruption sites scattered over large areas. Irrespective of
any interconnections the processes that controlled the
composition of the lavas would be the same all over and
lead to a similar compositional development throughout
the formation. At the end of the formation the vo1canic
activity waned and the magma chambers died.

In the second magmatic episode the sites of activity
had moved south-east of Gåsefjord. The episode started
with the Rømer Fjord Formation, with relatively small
volumes of four distinct magma types erupted from
several discrete sites. The nephelinite(s) forrned from
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one (or more?) central vo1cano(es), the known one
situated near Sydbræ. The lower and upper compound
units of 'enriched' olivine tholeiites form two shield
Iike structures centred respectively in the central and
eastern part of the Geikie Plateau, where their eruption
sites are inferred to beo The MORB type olivine tholei
ites presumably originated in one event and possibly in
one vo1canic system situated along a 100 km long
NE-SW line on the north-western Geikie Plateau. It is
noticeable that the nephelinitic volcano was situated
very dose (within 10-20 km) to the MORB vo1canic
system; however, the vo1cano was extinct when the
MORB type lavas formed. The few thick flows of
strongly differentiated 'big feldspar basalt' appear to
be quite extensive; their eruption sites are guessed to be
at the Blosseville Kyst. The thick sequence of titano
tholeiites near the Blosseville Kyst appears to be of
local origin. In all, the Rømer Fjord Formation appears
to be forrned from at least six separate, relatively small,
vo1canic systems scattered on the Geikie Plateau and
east of il. Independently generated (and fractionated)
magmas are thus feasible for this formation.

At the time of the Skrænterne Formation only 'main
basalt' magma was extruded. Because no eruption sites
are known, and because the formation contracts to
wards the Blosseville Kyst with time, the main eruption
sites are inferred to have been situated to the east of the
present coast line. The flows in this formation are volu
minous and extensive, and the crustal reservoirs must
have been large. We envisage, as for the Geikie Plateau
Formation, a complex system of more of less intercon
nected magma pools, sills and dykes. It the crustal ten
sion was larger than during the first episode, the magma
chambers would have been concentrated into a nar
rower zone.

The feeder system for the uppermost lava formation,
the Igtertivå Formation, was the dense dyke swarm at
the Blosseville Kyst, and the centre of activity for this,
third, vo1canic episode had thus moved to the west
relative to the second episode. The few preserved lavas
are relatively thin and were probably never widespread.
It is possibIe that most of the magma produced stayed in
the dilating crust as the numerous dykes. The magma
was just as low-pressure equilibrated as the preceding
magma, and there is the usual need for a crustal magma
reservoir. In this episode it is evident that the tension
was increased and the zone of dyking contracted, and in
the end the crust collapsed in a system of faulted blocks
downthrown to the east.





115

Table 22. Results 0/ fractionation calculations on Geikie Plateau Formation lavas

Model 2 3 4 5 6 7 8

Mother 98535 98483 98513 98511 98483 98578 98361 98513
Daughter 98709 98578 98880 98881 98513 98880 98376 98881

residuals:

Si02 0.04 -0.03 -0.05 -0.21 -0.10 -0.14 -0.02 0.08
Ti02 -0.02 0.01 -0.39 -0.38 0.35 0.04 0.06 -0.Q7
AI2O] -0.02 0.02 0.03 0.18 0.08 0.11 0.02 -0.Q7
FeO* -0.04 0.03 0.16 0.40 0.03 0.19 0.01 -0.09
MgO -0.02 0.01 -0.04 -0.03 0.08 0.05 0.01 -0.03
MnO -0.01 -0.01 0.02 0.03 -0.02 0.02 -0.01 0.02
CaO -0.06 0.04 0.08 0.34 0.15 0.23 0.02 -0.13
Nap -0.05 0.03 0.00 0.03 0.01 -0.04 -0.08 -0.04
K20 0.00 0.00 0.05 -0.01 -0.01 0.04 -0.01 0.04
Pps 0.00 0.02 -0.01 -0.03 0.04 0.02 0.00 O.oJ

!:r2 0.011 0.005 0.190 0.502 0.166 0.132 0.011 0.047

accepted + + + (+)

fractionate and daughter:

olivine 1.8010 3.4070 3.0% 1.7% 1.6010 1.0010 0.6% 3.3%
plagioc1ase 6.0% 5.5070 11.4% 9.0% 5.1% 10.4% 9.0% 13.3%
augite 4.5% 3.9% 9.4% 5.7% 3.2% 7.8% 8.7010 10.4%
daughter 87.6010 87.3% 76.2010 83.7010 90.2% 80.9% 81.7% 72.9%

Model I: The low-Ti trend
Model 2: The med-Ti trend
Model 3: The high-Ti trend
Model 4: The titano-tholeiite trend
In samples 98355, 98578 and 98511 Kp was
adjusted to an estimated value for unaltered material.

these crystals to model the fraetionation process, but on
the other hand they eould not have been very different
from the erystals forrned along the walls. It was noted
during the ealculations that small ehanges in the eompo
sition of the fractionated minerals only had small effeets
on the result.

The model ealculations were made using the Ieast
squares mixing program of Wright & Doherty (1970).
Mineral eompositions were taken from mieroprobe
analyses of minerals from the appropriate lava types.
Seleeted models are shown in Table 22. It is seen that
both the low-Ti trend and the medium-Ti trend of the
Geikie Plateau Formation lavas (fig. 89) ean be pro
dueed, from left to right, by fraetionation of around
13% crystals of olivine, plagioclase and augite. But
neither the high-Ti or the titano-tholeiite trends give
satisfaetory solutions; the error lies mainly on Ti02:

both trends are too 'flat'. Introduetion of ilmenite
and/or titanomagnetite does not improve the results
beeause the residuals for FeO· and Ti02 have opposite
signs. Cross-trend fraetionation between the relatively

8'

Between-trends-fractionation:

5: primitive med-Ti to primitive high-Ti
6: differentiated med-Ti to differentiated high-Ti
7: The same, 2 samples from profile 47
8: primitive high-Ti to differentiated titano-tholeiite

primitive eompositions (left side) is not sueeessful either
(model 5): these trends are too 'steep' with respeet to
TiOz. Cross-trend fraetionation between relatively dif
ferentiated samples give mixed resuIts (models 6 and 7):
even if TiOz is approximately eorreet the other major
elements may not fit the model (model 6). Cross-trend
fractionation as in model 8 appears to be possible; in
this model only the CaO residual is above 0.1 %, the
suggested level of acceptance (Wright, 1974).

In eonclusion, it is possibIe to produce the low-Ti
trend and the medium-Ti trend (although not the 'hump
on the back' of this, fig. 89) by fractional crystallisation
of, in both cases, around 6% plagioclase, 4% augite and
2-3% olivine. The high-Ti and titano-tholeiite trends
cannot have forrned by crystal fractionation within the
group. It is possibIe to produce the most iron-rich
high-Ti and titano-tholeiite lavas by crystal fractionation
from some Iess differentiated eompositions in the trend
below. But it is not possibIe to produce the Mg-rich (Ieft
end) of any of the trends by fractionation from a parent
in the trend below. These magmas are excessively en-
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riched in Ti02 compared to what is required for a model
assuming petrogenetic relationship by crystal fraction
ation. The data for Zr (appendix 3, fig. 82) show the
same thing: the low-Ti and medium-Ti trends are well
explained by the crystal fractionation models 1 and 2 in
Table 22, but the other trends are not. Open magma
chamber processes have aiready been advocated as a
possibIe solution to this problem (Larsen & Watt, 1985)
and this is elaborated below. The open magma chamber
solution permits the main basalts to be generated from
one parent magma type, to which the low-Ti basalts are
those dosest in composition.

Fig. 89 shows that of the four Mg-rich basalt types the
only possibie candidate for a parent magma to the main
basalts is the MORB type basalt, and even this is not
possibie without assuming one 'jump' more in the posi
tion of the trend. The compositional trend of the
MORB type basalts themselves appears to be controlled
by crystal fractionation, but the data on this liquid type
are toa sparse to allow ca1culations, because the process
must be performed in steps to allow the incoming of
plagiodase and compositional changes in the olivine.

The compositional trends of the other Mg-rich basalt
types also appear from fig. 89 to be controlled by crystal
fractionation. Quantitative ca1culations, however, do
not give completely satisfactory results. The Mikis type
trend can largely be explained by fractionation of, from
left to right, 5% olivine of composition Fo90 , even
though the iron residual is rather high (0.25; this can
also be read from fig. 76), and there is also a Zr resid
ual. Ca1culations on the trend of 'enriched' olivine tho
leiites give poor solutions for several major elements
when olivine alone is fractionated. Fractionation of au
gite has aiready been inferred from MgO-FeO and
MgO-CaO/AI20 3 relations and the low Sc contents (figs
76, 78, 81), and incorporation of augite improves the
ca1culated solutions although, like the Mikis type trend,
the iron residuals especiaIly are still high (around 0.4).
A few samples from the two 'enriched' olivine tholeiite
trends also plot outside the trends, and it must be con
c1uded that, even though crystal fractionation probably
has been important in generating the trends, other proc
esses have also been at work. These lavas are rich in
zeolites, and their compositions may atter all not be
unchanged by the zeolitisation. It can also be concluded
from fig. 89 that the two groups of 'enriched' olivine
tholeiites (the lower and upper compound units of the
Rømer Fjord Formation) may be related through frac
tionation from a common parent magma type.

The last Mg-rich magma type, the Hjørnedal type,
has aiready been shown to have within-type variation
caused by plagioclase accumulation in the more 'frac
tionated' (i.e. Mg-poor) samples (figs 76-78). Quantita-

tive ca1culations show that the well-defined three-quar
ters of the Hjørnedal variation trend in fig. 89 can be
produced by fractionation from the most primitive com
position present of 2.5% olivine and 1.5% augite, and
addition of 3% plagioclase. The trend is, however, pos
sibly partiy a pseudo-trend caused by mixing, as dis
cussed in the next section.

In conclusion, crystal fractionation was an important
process in producing the within-type variations shown
as trends in fig. 89. It fails, however, to explain the
high-Ti and titano-tholeiite trends and the genetic rela
tions between the trends. These are considered below.

Magma mixing and open magma chambers

O'Hara (1977) drew attention to the fact that most
vo1canic systems are open systems that undergo re
peated tappings and fillings, and this concept has won
general acceptance as geological common sense.

In a process of repeated mixing of differentiating
magma in the chamber with batches of more primitive
magma, the magmas may be kept apart by density dif
ferences and only mix when the new magma batch is
sufficiently fractionated (Sparks et al., 1980). Even
then, such magma mixing should lead to local disequi
librium between crystals and melt which would be de
tectable in the crystals when erupted. The Scoresby
Sund basalts display numerous examples of complexly
zoned phenocrysts, and phenocrysts in disequilibrium
with the magma. EspeciaIly the zoned plagioclase crys
tals are significant (fig. 49), and also petrographically
and compositionally xenocrystic olivine (fig. 46) and

augite (fig. 53) have been found in a number of samples.
Very similar features in lavas from the Mid-Atlantic
Ridge and other places have been interpreted in terms
of refilling and mixing of magmas (e.g. Rhodes et al.,
1979; Kuo & Kirkpatrick, 1982; Stakes et al., 1984).
There is thus good petrographic evidence for mixing
processes in the Scoresby Sund magrnas, notably in the
Hjørnedal type, the olivine tholeiites and the main bas
alts.

O'Hara & Mathews (1981) developed quantitatively
the processes that take place in such periodically re
filled, periodically tapped and continuously fractionated
magma chambers. They showed how minor and trace
elements were 'decoupled' from the major elements,
and that both compatibie and incompatible elements
were enriched in the magma relative to their concentra
tion during simple crystal fractionation processes. Just
such 'excessive' enrichment of an incompatible element,
Ti02, is a central problem of the main basalts in Score
sby Sund.

The variation within the main basalts was earlier in-







variation (78-139 ppm, estimated bulk partition coeffi
cient = 2.8) compares well with the measured variation
of 81-120 ppm.

In condusion, the quantitative calculations support
the suggestion by Larsen & Watt (1985) that the main
basalts may have originated from one parent magma by
processes in open magma chambers. However, addi
tional processes are not exduded. The Zr/Nb ratios
dearly indicate that the high-Ti basalts and titano-tho
leiites from the Rømer Fjord Formation were derived
from the olivine tholeiites in that formation. The main
basalts as a group thus do have more than one parent
magma.

Origin of the Hjørnedai marker flow

The Hjørnedal marker flow is the only Mg-rich basalt
type that is multiply saturated with olivine, feldspar and
augite (Table 20); moreover it contains chromite. Its
feldspar phenocrysts show very complicated zoning pat
tems, and a very Mg-rich olivine crystal (Fo90) has been
found in il. Least-square calculations like those per
forrned for testing crystal fractionation showed that the
most Mg-rich Hjørnedal type composition can be ex
plained as a mixture of around two parts of the most
primitive Mikis type basalt with around three parts of
main basalt from the medium-Ti group. The best fits
were obtained when olivine, plagiodase and an måde
were allowed to fractionate (~,-2 < 0.005). Several pos
sible main basalt parents were tested, and plagiodase
(up to 3%) consistently had to be added to the mixture,
and iron oxide (c. 1%) subtracted. The need for sub
tracting an iron oxide also appears from the FeO*-MgO
diagram (fig. 76): the Hjømedal magma has very low
iron contents relative to both parents. Plagiodase addi
tion was minimised when a high-Al basalt from the
Milne Land Formation was used as parent. It is con
cluded that the mixing process is feasible, but that the
actual main basalt magma composition is probably not
present as a lava. Calculated backwards it has lower
FeO* (c. 11%) and higher CaO (c. 12%) than most
lavas but is all the same reasonable.

In the mixing calculations the more Mg-poor and the
more Mg-rich Hjørnedal eompositions require different
main basalt parents to give good solutions. This ean also
be read from the AI20 3-CaO diagram (fig. 77) where
the Mikis type, Mg-rieh Hjørnedal and Mg-poor Hjør
nedal eompositions do not fall on a single line. This
could be because the Mg-poor Hjørnedal magma is
fractionated from the Mg-rich one, as diseussed in the
previous section, or because the main basalt was com
positionally variable. The last explanation is considered
the most probable because the fractionation solution
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involves addition of plagioclase, and the Hjørnedal
FeO*-MgO trend in fig. 76 100ks more like a mixing
line. However, an overprint of fractionation may well
be present.

The trace element data are consistent with a mixing
process. Ni and Cr are around four times higher in the
Mikis type basalt than in the main basalts, and a 2:3
mixture of these compositions has the same Ni and Cr
contents as the Hjørnedal marker, as shown in fig. 80.
The ineompatible trace elements are insensitive to the
mixing process because their concentrations are nearly
the same in the two end members.

A mixing process also explains the Sr isotope ratio of
0.7039 for the Hjørnedal marker (Table 21). The Mikis
type and the main basalt type have 87SrfS6Sr ratios of
0.7045 and 0.7034 respectively, and similar Sr contents,
and a 2:3 mixture of these two types gives an 87Sr/86Sr
ratio of 0.7038.

An origin of the Hjørnedal magma type by the mixing
of Mikis type and medium-Ti type magma is geolog
ically feasible, too. The Mikis type lava flow in the
Milne Land Formation is a single flow of minimum 95
km3 volume interealated with main basalts of me
dium-Ti and high-Ti type. The Hjørnedal marker flow is
of minimum 285 km3 volume and followed the Mikis
type flow with none or one or two main basalt flows
between (Plate 1). The Mikis type magma, from wher
ever it eame, apparently entered the existing large
magma chamber in which the main basalts were frac
tionated. ]f around 200 km3 Mikis type magma arrived,
the half part was erupted directly, probably owing to its
low density (fig. 70). Around 100 km3 stayed in the
chamber and mixed in the top of it with medium-Ti
magma in the proportion 2:3. This gave around 250 km3

Hjørnedal type magma which was then erupted in one
event with an unusually high fraction of tapped magma,
probably again because of its low density.

At the eruption of the Hjørnedal marker flow the
magma chamber was effectively swept dean of this
magma type, and the main basalts continued their de
velopment. Only in one profile (72) is there an in
dication that the next lava flow contains remains of the
Hjørnedal magma (sample 98841). Profile 72 is prob
ably dose to the extrusion site for the Hjørnedal flow.
The lateral compositional variation in the Hjørnedal
flow (cf. section on major elements) suggests that the
magma chamber was zoned, either vertically or lat
erally; the main basalt partieipating in the mixing was
also inhomogeneous, and the zoning may be inherited.
The copious development of phenocrysts in the Hjørne
dal magma may be explained as resulting from the mix
ing process, the Mikis type magma being forced towards
the cotectic.
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Crustal contamination

Basalts erupted onto a continent have been stored
below and in the continental crust and have passed
through the crust on their way to the surface. The
degree to which the chemical and isotopic composition
of such basalts have been infiuenced by the continental
crust has been a matter of much controversy. Some
workers have contended that large amounts of crustal
contamination have occurred in most or all continental
flood basalts, while other workers have argued that the
compositional characteristics of these basalts are at
tained through their generation in an enriched, sub
continental mantle. The controversy has concemed ar
eas as Antarctica (e.g. Faure et al., 1974; Kyle, 1980),
the Columbia River group (e.g. McDougall, 1976; Carl
son et al., 1981; Carlson, 1984; Church, 1985), the Brit
ish Tertiary igneous provinee (e.g. Thompson et al.,
1982, 1983; Weaver & Tamey, 1983), the Karoo basalts
(Cox, 1983) and the Deeean traps (Mahoney et al.,
1982; Cox & Hawkesworth, 1985). The trouble arises
from the faet that the two processes lead to similar
results and thus are very hard to distinguish. In recent
years a sort of consensus has developed that both proc
esses probably are at work, but the question to what
degree is still a matter of debate.

In some basalt provinces, like the Antarctic, all the
basalts have high initial 81Sr/86Sr ratios which have none
the less been ascribed to the mantle source (Kyle,
1980). In general, however, single lavas showing in
creased Sr isotope ratios relative to the surrounding
co-magmatic lavas may be inferred to be contaminated
by crustal material. On the other hand, contamination
with lower crustal granulite facies rocks containing very
little Rb and consequently with low 81SrfB6Sr ratios may
not leave any imprint on the Sr isotopic signature of the
lavas. Data for several isotope systems are usually nec
essary.

Two features of the Scoresby Sund basalts require
discussion in this context: firstly, the sporadic occur
renee of high-Si, high-87Sr/86Sr lavas and, secondly, the
systematic compositional change (decrease) in silica sat
uration up through the lava pile.

High-Si basalts. Lavas with unusually high silica con
tents for the region occur in several instances in the two
lower formations (Magga Dan and Milne Land Forma
tions); one has been found in the Geikie Plateau Forma
tion, and one or two flows occur in the Skrænterne
Formation (fig. 73). Some of these lavas are otherwise
compositionally similar to the other lavas of the unit in
which they occur (Miine Land and Skrænterne Forma
tion, fig. 72), while others (in the Magga Dan and

Geikie Plateau Formations) are compositionally quite
distinct from all the other lavas. They are lower in Ti02

and have higher Mg ratios (fig. 72), partly because of
lower iron contents though some samples also have high
MgO (fig. 76), and they are low in CaO and sometimes
in Al20 3 (fig. 77). Except for the high MgO, such com
positional features would be expected to result from
contamination of a basalt of one of the main types with
siliceous crustal material. Sr isotopic data for two
high-Si basalts show 87Sr/86Sr ratios considerably higher
than normal (0.7057 and 0.7079 against the normal
0.7034, Table 21) in accordance with the theory that the
high-Si basalts include a crustal component. Silicic bas
alts showing similar geochemical features also occur in
the plateau basalts of West Greenland (Pedersen, 1985;
Pedersen & Pedersen, 1987) and on the Faeroe Islands
(Hald & Wågstein, 1983), and have been similarly in
terpreted.

The Precambrian/Caledonian basement in East
Greenland is heterogen~ous and comprises various
units with different isotopic characteristics. The best
candidate for a contaminant to the lavas would be Ar
chaean gneisses, such as the Tærskeldal banded gneisses
with 30-100 ppm Rb, 100-300 ppm Sr, 87Sr/86Sr = 0.72
0.75, and Si02 = 65-75% (Rex et al., 1977 and unpub
lished Rb and Sr data (D. Rex) and chemical analyses).
Simple caiculations set out in Table 23 show that the two
high-Si lavas may be produced by bulk contamination of
basalt with respectively 10% and 20% of such Archaean
material. The caiculations show that crustal contam
ination is a feasible explanation for the compositional
features of the high-Si basalts. The process was, howev
er, probably not as simple as bulk contamination (mix
ing), because basalt contamination by continental crust
is likely to be seleetive. Assimilation of partially molten
crust is much more Iikely than bulk assimilation (Patch
ett, 1980), and diffusion rates for various elements are
variable (Watson, 1982). Watson (1982) showed that the
major elements of the crust most likely to be assimilated
into basaltic magma are Si02 and K20, and in accord
ance with this all high-Si lavas have also increased K20
contents (0.39--0.87% against the normal values of 0.2
0.4%).

The trace element data are consistent with the idea of
crustal contamination of the high-Si basalts. Fig. 92
shows spidergrams for five high-Si basalts and a possibie
contaminant. Crustal contamination of a sample will
show up as increased contents of Rb, Ba and K, and as
troughs in the spidergram for Nb, P and Ti (Thompson
et al., 1984, also evident from the spectrum of the ana
Iysed gneiss sample). The high-Si basalts all have in
creased Ba, Rb and K and have lost the Nb and Ti
peaks, while P is almost unaffected (compare with the
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Table 23. Results of calculations of bulk contamination of a Scoresby Sund basalt with Archaean basement

contaminant basalt 10070 ctm 10070 etm 20070 ctm
GGUNo. 133158 98489 a b 98561 c 98761

Si02 73.07 48.95 51.36 51.58 51.40 53.77 53.70
Ti02 0.20 2.64 2.40 2.00 1.98 2.15 1.95

AIP3 13.87 14.04 14.02 14.40 14.23 14.01 13.69
FeO* 2.08 12.99 11.90 11.98 11.30 10.81 10.18
MnO 0.03 0.21 0.19 0.18 0.18 0.17 0.16
MgO Ul 6.46 5.93 6.10 6.52 5.39 6.84
CaO 3.39 11.21 10.43 10.71 10.92 9.65 10.01
Nap 3.90 2.40 2.55 2.41 2.49 2.70 2.55
Kp 1.07 0.34 0.41 0.22 0.43 0.49 0.45
P20S 0.06 0.23 0.21 0.18 0.17 0.20 0.17

87Sr/86Sr 0.7225 0.7034 0.7057 0.7057 0.7082 0.7079

Cr 36 136 126 172 244 116 390
Ni 16 % 88 80 88 80 119
Sc 3.9 33 30 37 34 27 29
V 38 374 340 385 325 307 287
Cu 48 259 238 215 195 217 145
Zn 28 114 105 91 102 97 102
Ba 291 88 108 78 131 129 203
Sr 279 216 222 205 191 229 238
Rb 32 5.5 8.2 6.5 9.4 10.8 10.5
Y 6.4 33 30 25 26 28 24
Zr 138 152 150 132 118 149 138
Nb 3.7 13.3 12.3 8.5 9.1 11.4 7.7

133158: Tærskeldal banded gneiss. Major elements by GGU's geochemicallaboratory; trace elements by J. C. Bailey,
and 87Sr/86Sr from Rex et al. (1977). Age c. 2500 Ma.

98489: Med-Ti type basalt from the Geikie Plateau Formation. lsotopic data from Table 21.
a: Calculated mixture of 10070 133158 + 9007098489. Compare with sample 98561.
b: Ca\culated mixture of 10070 133158 + 90070 215629, low-Ti basalt from the Skrænterne Formation. Compare

with sample 98561.
98561: High-Si lava from the low-Ti unit in the Skrænterne Formation.

c: Calculated mixture of 20070 133158 + 8007098489. Compare with sample 98761.
98761: High-Si lava from the Magga Dan Formation.

ctm: contamination.

uncontaminated basalt spectra in fig. 85). In the Zr v.
Nb diagram (fig. 83) and in the ZrfY v. ZrlNb diagram
(fig. 93) the high-Si rocks are also displaced towards the
crustal values.

There are some discrepancies between the calculated
and the real contaminated basalts in Table 23 (col. 3 and
5). However, high-Si sample 98561 is from the low-Ti
unit in the Skrænterne Formation, and if a normal basalt
from this unit is used as parent all major elements and
most trace elements fit the bulk mixing model very well
(Table 23, col. 4 and 5). In contrast, the high-Si lavas of
the Magga Dan Formation have consistently too high
MgO and Cr contents to be bulk mixtures of any of the
known components, and any selective contamination
only makes the discrepancy worse because MgO and Cr
are refractive. It is suggested that these high-Si magmas

were derived from magmas that were more primitive
than the known erupted lavas. These magmas were
relatively hot and would thereby have larger capacities
of melting their surroundings (Huppert & Sparks, 1985)
and thus produce the high degree of contamination
(20%) indicated for these rocks. In comparison,
Thompson et al. (1982) found that major element con
straints indicated 5-10% crustal contaminant in the
Preshal Mhor basalt on Skye while incompatible ele
ment constraints indicated 15-20% of contaminant, and
concluded that the contaminant was an incompatible
element-enriched crustal melt. For the high-Si Scoresby
Sund basalts there is no discrepancy between major and
trace element indications of crustal involvement, but
because both parent basalt and contaminant in the
lower sequence are rather ilI constrained, this is not





nesian high-Si basalts in the Magga Dan Formation have
not been filtered through a magma chamber. They were
injected into the crust as relatively primitive magmas
which melted more crust the hotter they were (Huppert
& Sparks, 1985). These were the pioneers that estab
lished the magma chambers in the crust, and most of
them crystallised in the process and never erupted
(Patchett, 1980). In the new magma chambers sidewall
assimilation continued until the chambers were lined
with gabbro; at the same time the magma chambers
were repeatedly filled, fractionated and tapped, so that
the effect of the contamination graduaUy wore off.
Thus, the overall silica variation with height is produced
in the large crustal magma chambers. The few high-Si
lavas produced atter the magma chambers were estab
lished are contaminated on the way from the crustal
magma chamber to the surface and still dearly reflect
the composition of the magma in the chamber (the
high-Si basalts of the Milne Land and Skrænterne For
mations, fig. 72). Only the magnesian high-Si basalt in
the Geikie Plateau Formation may have emerged from
deeper levels without being filtered through a large
magma chamber.

The most siliceous of the high-Si basalts is sample
98788 from the Magga Dan Formation. This sample
contains orthopyroxene phenocrysts (see section on pe
trography), and estimated from its silica content (56%)
it contains around 30% contaminant. For reasons given
above it should be expected to be very magnesian, but
as seen from fig. 72 it is not. However, it contains very
magnesian olivine (F0815-832' fig. 46) which formed in
equilibrium with a liquid with a Mg ratio comparable to
those of the other high-Si basalts (around 0.60). The
interpretation of the data is that a highly magnesian,
strongly contaminated magma batch stayed in an in
cipient magma chamber in the crust and equilibrated
and fractionated there before it continued to the sur
face. This explains its orthopyroxene phenocrysts and
relatively fractionated character.

Processes in the mantle

Discussions on basalt genesis have been concerned
with the question of how many mande reservoir types
there are, and which magmas are primary. For the
North Atlantic region, one model invokes only one
mantie type and one primary magma with other magma
types being ascribed to processes in the crust (Oskars
son et al., 1982, 1985); other models invoke only one
mantie type from which several magma types arise due
to differences in depth and mechanism and degree of
partial melting (e.g. (Langmuir et al., 1977; Thompson
et al., 1980). Many models invoke two types of mantle,
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depleted and undepleted or enriched (e.g. Schilling,
1973; Tatsumoto, 1978; Brooks & Nielsen, 1982a); the
depleted mantle may form a layer lying above or below
the undepleted, or the undepleted may occur as plumes
and veins within the depleted mantle. A third mantle
component is the subcontinentallithosphere the charac
ter of which is uncertain, but which may consist of
secondarily enriched depleted mantle. It so, melting
products of this may be very difficult to distinguish from
products of a primordial undepleted mantle.

In the tectonic framework in which the East Green
land basalts formed all three mantle types have to be
considered. This section evaluates the involvement of
such mantle types in the genesis of the Scoresby Sund
basalts, with evidence from the Sr isotopes and the
minor and trace elements. In the final chapter this is
combined into the tectonic framework of the whole
North Atlantic region with the Iceland hot spot and
mantie plume.

5r isotopes

The mantle that produces the typical normal mid
ocean-ridge basalts (MORB) has a 87Sr/86Sr ratio around
0.7024-0.7030 (Basaltic Volcanism Study Project,
1981). The oceanic island basalts (OIB) have very var
iable Sr isotope ratios, but those that are composition
ally akin to the Scoresby Sund basalts (Iceland, Hawaii,
Galapagos) have ratios in the range 0.7029-0.7039.
Their mantle source is thus still depleted relative to the
bulk earth (undepleted) value ofO.7047, but less so than
the MORB-generating mantIe, and in all three cases a
hot spot/mantle plume is involved. For Hawaii, three
mantle components have been postulated (Staudigel et
al., 1984), a depleted (MORB) mantle, a mantle plume,
and oceanic lithosphere. In the North Atlantic, Carter
et al. (1979) found 87Sr/86Sr ratios of 0.7030-0.7041 for
Lower Tertiary basalts from East and West Greenland
and the Faeroes, and noted the similarity in source
isotopes to the Recent Icelandic basalts (0.7029
0.7035). Hemond et al. (1988) estimated a 87SrfB6Sr ratio
of 0.70305 for the present Iceland mantle plume, and
ascribed the higher ratios in many rocks to crustal recy
ding and hydrothermal alteration.

For the Scoresby Sund basalts the 87Sr/86Sr isotope
ratios presented earlier are as follows (!eaving out the
results that are considered due to post-generational
processes Iike crustal contamination and magma mix
ing). Geikie Plateau Formation, main basalts: 0.7034;
Rømer Fjord Formation, olivine tholeiite: 0.7034;
Rømer Fjord Formation, MORB type basalt: 0.7038;
presumed Skrænterne Formation, main basalts: 0.7032
0.7036 (Carter et al., 1979; Holm, 1988); Igtertiva For-





imply any higher amounts of a depleted eomponent.
The explanation also fits with the near-equal TiOP20s
ratios of the three groups, the ratio being slightly higher
in the MORB-type basalt (Ti less ineompatible than P).

The position of the Skrænterne Formation in fig. 93
indicates that its parent magma may have been pro
duced by larger degrees of melting than the parent
magma of the Geikie Plateau Formation. A similar de
gree of melting as for the MORB type basalt is in
dicated, and eonsidering that ZrN ratios may increase
during fractionation (cpx), it is possibIe that a MORB
type basalt is parental to the Skrænterne Formation.
The other incompatible element data (figs 72, 79, 82,
83) and Sr isotopes neither invalidate nor support this
possibility, which is left open.

Neither mixing of two mantIe types nor varying de
grees of melting can produee the spread of the Magga
Dan, Milne Land and 19tertivå Formations across the
mixing curve in fig. 93. Crustal contamination is a pos
sible explanation for the Magga Dan and Milne Land
Formations, but the 2--4% basement contamination ear
lier inferred for these formations will only shift a point
in fig. 93 very slightly, unless the contamination is selec
tive. It is also notable that the Mikis type basalt in fig.
93 plots among the other basalts of the Milne Land
Formation, and it is possibie that the main basalts of this
formation Iike the Mikis type basalt contain eontribu
tions from a mantle component that was less depleted
but had relatively high Zr/Nb ratio.

The Igtertivå Formation and coastal dykes have low
Zr/Nb ratios « 10, figs 83 and 84). They have also
lower TiO/P20 s ratios than all the other basalts (fig.
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79). Sueh coupled variations in ZrlNb and TiO/PzOs
are common in the North Atlantic region (Table 24).
Besides in the 19tertivå Formation, low ZrlNb and low
TiO/P20 s occur in the Upper Plateau Lava Series of
northern East Greenland (figs 98 and 99) and in most
Tertiary and Recent basalts from Iceland (fig. 105 and
106). High Zr/Nb and high TiO/PzOs occur in most
Scoresby Sund basalts (figs 79 and 83), in the Lower
Plateau Lava Series of northern East Greenland (figs 98
and 99), in the Faeroes (figs 101 and 102), in the lower
lava group of the Miocene lavas in Reydarfjordur, lce
land (figs 105 and 106), and possibly in the Skagi basalts
in Iceland too. It is difficult to ascribe these differences
to mixing between relatively enriched (in PzOs and Nb)
and depleted mantle materials because both alkali bas
alts, E-type MORB and N-type MORB have low
TiOzIP20 s ratios (Table 24).

High TiO/P20 s ratio trends as in the Scoresby Sund
basalts are not common. Outside the North Atlantic
they occur in the Deccan basalts and in the Hawaiian
tholeiites (Table 24). In all cases the basalts seem to be
erupted through re1atively thiek erust in an oceanic is
land or continental margin setting with no plate spread
ing. The Icelandie lavas with high TiOPzOs ratios
(Skagi and Reydarfjordur lower series) may also be
interpreted as having passed through thicker and colder
crust than usual, because this will happen in a spreading
environment when the rift jumps to a new position. The
Skagi zone is a short-lived rift zone, and also the Rey
darfjordur lower lavas possibly forrned in a newly
started rift zone. They are of anomaly 5 age (Bleil et al.,
1982), a time when there were several rift jumps In

Table 24. Summary o[ TiO/P20s and Zr/Nb variations in oceanic and plate-margin continental basalts

Zr/Nb < 10 Zr/Nb = 10-16 Zr/Nb > 16

Scoresby Sund: Igtertiva Fm

low NE Greenland: UPLS

TiO/PzOs Iceland: most basalts Iceland: scattered data

trend Alkali basalts
E-MORB; some T-MORB T-MORB N-MORB

Scoresby Sund: Rømer Fjord Fm Scoresby Sund: most basalts
NE Greenland: LPLS

high Faeroe Islands: all basalts
TiO/P2Os Iceland: partly ReydarfjOrdur 1celand: ReydarfjOrdur

trend lower lava group lower lava group; Skagi zone?
Hawaii: Loihi; partly Kilauea Hawaii: Kilauea; Mauna Loa
Deccan: partly Mahabaleshwar Fm Deccan: most basalts Primitive N-MORB

The 'Iow' and 'high' TiO/PzOs trends are relative to the trend for most of the Seoresby Sund basalts whieh is defined as 'high'
(fig. 79). No figures ean be given for the division because the ratio ehanges by differentiation within a group.
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Iceland (Helgason, 1985). Most high-TiOjP20S groups
have ZrINb = 10-16. Notable exceptions are the Rømer
Fjord olivine tholeiites and the Loihi seamount in Ha
waii, both with low ZrINb of 7.5-10 (figs 83 and 87);
both groups initiate a new vo1canic cycle.

Low TiO/P20 Sratio trends as in the Igtertivå Forma
tion are widespread. They occur in all alkali basalts, in
tholeiites from the mid-oceanic ridges including Ice
land's spreading zones, and in 'true' continental bas
alts like the Columbia River basalts (Hooper, 1982) and
the Parana (Bellieni et al., 1984) and Karoo (Cox, 1983)
basalts. Obviously, several processes may lead to these
low TiO/P20 s ratios. It is important that the ratio is not
constant during magmatic evolution, so that post-gener
ational processes may be decisive. In the MOR basalts
the low TiO/P20 s ratios seem to be connected with the
crustal accretion process. In these rocks ZrINb ratios
vary widely, but such that rocks with relatively high
TiO/P20 S ratios generally also have relatively high
Zr/Nb ratios. Most primitive N-MORB rocks aetually
have high TiO/Pps ratios (e.g. Le Roex et al., 1981). It
is thus still possibie to explain the TiO/P20 Sand Zr/Nb
varations in Table 24 in terms of mixing of depleted and
enriehed components, with the MOR basalts containing
imprints of post-generational processes in spreading
ridge systems (viz. crustal recycling). Some of the other
basalt groups may be similarly imprinted.

In the Seoresby Sund basalts, the Igtertivå Formation
and the coastal dyke swarm may have a parent like the
preceding Skrænterne Formation. The low TiO/P20S
and ZrINb ratios mayeither be explained by assuming
addition ofsome less-depleted (Nb and P richer) mantie
material (mixing curve in fig. 93 displaeed toward the
lover lefl) or taken as a signal that the rifting and erustal
collapse eventually led to the production of oeeanie
erust. The first explanation, with the parallel mantle
mixing eurves, necessitates at least three different com
ponents. In support of the second possibility is the faet
that the oceanic magnetic anomaly 24N can be followed
from the shelf and onto land in the erustal strip that
houses the coastal dyke swarm in the area (H. C. Lar
sen, 1988 and personal eommunieation), indicating that
this crustal strip is oceanic in character. The two possi
bilities may be reconciled if the 'less depleted' compo
nent involved is not mantie but recycled oceanic erust.

Petrogenetic scheme

Based on the foregoing discussion the folIowing pe
trogenetic scenario can now be drawn up.

A moderately depleted mantle with 8
7SrJ86Sr around

0.7034 is the main source for the Scoresby Sund basalts.
In the folIowing this is called the North Atlantic mantle

because it must have been very widespread in the North
Atlantic region at the time of opening (Carter et al.,
1979).

The first vo1canic episode started in the inland regions
around Gåsefjord. Mg-rich basalts were produced but
became contaminated with crustal material and were
usually not erupted. The erupted main basalts of the
Magga Dan and Milne Land Formations were probably
produced from the North Atlantic mantle, but they also
contain up to 4% of continental crust, besides an im
print from some materiaJ with high ZrINb and high
Zr/Y ratios.

The Mikis type basalt is envisaged as a mixture of
primitive magma produeed from the North Atlantic
mantIe and a substantial proportion of partial melt rich
in Fe, Ti and other incompatible elements and 87Sr
produced from a undepleted or secondarily enriehed
mantle which is tentatively identified as the subconti
nental lithosphere. The Mikis type basalt is one of the
major basalt types in the Lower Basalt formations in the
Kangerdlugssuaq area 200 km south of Scoresby Sund
(Nielsen et al., 1981). In the Scoresby Sund region this
basalt type is represented by only two flows in the lower
part of the sequence and constitutes only 0.2% of the
total erupted volume. The Lower Basalts in Kanger
dlugssuaq and the basalts of the first vo1canic cycle in
Scoresby Sund are considered equivalent in time (chap
ter on General Features). All the Mikis type magma was
probably generated by one 'event' in the mantle below
the Kangerdlugssuaq region and stored there. The envi
ronment at the time was tensional, with deep cracks
proceeding from the successfuIly rifted continental mar
gin south of Kangerdlugssuaq towards the NNE through
solid continental erust (Larsen & Watt, 1985). In this
environment it is easily eonceivable that a small fraction
of the Mikis type magma migrated some 200 km to
wards the NNE at suberustal or erustal leveis. It never
established its own storage system in the north but
invaded an existing magma chamber filIed with Iocal
main basalt magma, and partly mixed with it, as earIier
diseussed. The Mikis type magma was apparently only
generated in the first vo1canic episode.

The Geikie Plateau Formation resulted from a new
melting event in the North Atlantic mantle, producing
main basalt magma with a ZrINb ratio distinct from the
two earIier formations. The magmas were only slightly,
or not at all, contarninated with continental crust.

In the second vo1canic episode eruption sites moved
to the south-east where new rifting was taking place.
The Rømer Fjord Formation that initiated the episode
eonsists of several magma types erupted from scattered
eruption sites. The connection between the magma
types may be qualitatively envisaged in terms of a ther-



mal anomaly in the North Atlantic mantle, centred un
der the new rifting region south-east of the present
coastline. In the central part of the anomaly large de
grees of melting produced primary magma of the main
basalt type that was erupted in the succeeding Skræn
terne Formation. Further inland smaller degrees of
melting at deeper levels produced the primary magma
for the moderate volumes of 'enriched' olivine tholeiites
which were erupted there, and which evolved to the
high-H basalts and titano-tholeiites in the Rømer Fjord
Formation. Furthest away from the thermal anomaly
small degrees of melting at still deeper levels produced
the small amount of nephelinite magma erupted there,
perhaps with some addition of 87Sr-enriched material.

The MORB type basalt in the top of the Rømer Fjord
Formation was erupted in small volunie (estimated 5
km3

) in an inland area (Plate l) and was probably pro
diIced in one event. In an earlier discussion it was noted
that it may represent the primitive magma for the main
basalts of the Skrænterne Formation, but its location far
from the centre of the thermal anomaly does not cor
roborate this. The magma may have travelIed a long
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distance from the production site in the SE, but it is also
probable that this magma type is the result of a singular
event: the magma could have been produced by local
melting of ultramafic cumulates or residua at depth.
The strong depletion of the MORB type basalt in in
compatible elements is in contrast to its highish Sr iso
tope ratio of 0.7038. The MORB type basalt was
erupted in the same area as earlier the nephelinite
(Plate 2) and may have originated in the cumulates or
residua after the formation of the nephelinite.

The basalts of the Skrænterne Formation were pro
duced in the centre of the thermal anomaly in the North
Atlantic mantle. ane or two specific lava flows were
contaminated by continental crust on their way from the
magma chamber to the surface.

In the third volcanic episode the basalts of the Ig
tertivå Formation were generated in the North Atlantic
mantle. They also eontain a less-depleted eomponent
with low TiO:/P20 S and low ZrlNb, different from the
'enriched' component in the first episode and possibly
of reeycled basalt.

The North Atlantic Tertiary igneous provinee

East Greenland in relation to
continental break-up

The break-up of the North Atlantic continent in late
Paleocene time was aecompanied by intense volcanism
along the rifted continental margins of Greenland and
north-western Europe. Basalts extruded around the
time of opening now occur in central East Greenland,
northern East Greenland and the British Isles, and on
the mostly submerged continental fragments of the
Rockall Plateau, the Faeroe Plateau, the Jan Mayen
Ridge and the VØring Plateau, besides in West Green
land where the basalts are related to opening in the
Labrador Sea. Successively younger volcanies form
thiek seaward-dipping sequences around the continent
to-ocean transition zones and build up the oceanic crust
in the North Atlantic region. The vo1canic activity has
continued along the Mid-Atlantic Ridge to the present
time, i.e. over a time span of 55-60 million years.

The opening history of the North Atlantic is clear in
the general features if not in details (Talwani & Eld
holm, 1977; Nunns, 1983; Larsen, 1988). The various
parts of the North Atlantic are shown in fig. 94 in their
pre-drift and in their present configurations. The initial
line of opening was situated c10se to the present eoast of
East Greenland except in the region between Kanger
dlugssuaq and Hold With Hope, where it had a large

deflection to the east (Larsen, 1988), see fig 94, thus
dividing the line into three segments. Spreading along
the northern and southern segments (the present Mohns
and Reykjanes ridges) has been simple and continuous
throughout the period until present, while spreading
along the middle segment has been very complex, with
repeated shifts in the position of the spreading axis,
likewise throughout the period. The middle segment is
the one that gave rise to the basalts in central East
Greenland and that later has given rise to Iceland and
the Kolbeinsey-Jan Mayen spreading axis.

The opening along the initial axis apparently started
between geomagnetic anomaly 25 and 24, and the oldest
sea-f1oor magnetic anomaly identified is 24 R. Spread
ing started in the south and progressed towards the
north with a rate of around l mJyear (Larsen, 1988).
The middle segment must have been in a state of consid
erable tension, and rifting accompanied by volcanism
could have extended from the southern spreading seg
ment northwards into the continental cmst of the mid
die segment. Although no signs of proper rifting, with
formation of fauits, are present, the eruption sites for
the lower basalt sequence in the Scoresby Sund region
are almost colinear with the northern and southern ini
tial spreading segments (figs 32 and 94) (the 'initial
magmatic lineament' of Nielsen, 1987). Thus, the tec
tonic episodes leading to the formation of the Scoresby
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land despite coming very close (fig. 94). This is remark
able, considering that the East Greenland basalts were
produced earlier at the same latitude albeit not by the
present ridge. The character of a ridge segment at a
given latitude can apparently change with time, perhaps
in connection with a rift jump.

Discussion

Regional correlation

Excepting the isolated areas of the British Isles and
West Greenland, it should be possibie to make some
correlations between the Paleocene.:...Eocene basalt ar
eas in the North Atlantic. The Rockall and Vøring
Plateaux are difficult to line up with the other areas
because of the limited data available. For northern East
Greenland, the Scoresby Sund region, the Kangerdlugs
suaq region and the Faeroes a crude correlation scheme
is shown in Table 25.

The position of the Faeroe Islands basalts on the
magneto-stratigraphic time scale is crucial. It the solu
tion suggested by most authors (cited in the section on
the Faeroe Islands) and also shown in Table 25 is cor
reet, then the lower series is the oldest known and was
erupted before spreading started in the region. The
solution places the middle series of the Faeroe Islands in
the lower part of chron 24R besides the Lower Basalts
in Kangerdlugssuaq. These two lava series also share a
unique enriched geochemistry (figs 95 and 100), and
both contain tuffs at the bottom. Their pre-drift posi
tions are very close (fig. 94), and it is suggested that the
two series were formed in the same event. The correla
tion is extended north to the lower basalt sequence in

the Scoresby Sund region due to the (sparse) occurrence
of similar enriched magmas there. A correlation to
northern East Greenland is not possible.

The Rømer Fjord and Skrænterne Formations are
correlated with the Irrninger Formation on geological
grounds, and a more detailed correlation between these
formations may be possibie in the future. The upper
series on the Faeroe Islands is approximately contempo
rary with these formations and has adistinctly different,
MORB-like geochemical character. It was produced af
ter the continents had split apart, possibly in association
with the generation of new oceanic ernst between Kan
gerdlugssuaq and the Faeroe Islands.

The lavas in northern East Greenland cannot be
placed with certainty on the magneto-stratigraphic time
scale, but they are assumed to be associated to the
continental break-up (Upton et al., 1984). They are
therefore placed in chron 24 in Table 25, although other
ages cannot be dismissed.

The Igtertivå Formation is placed in chron 24N due to
its apparent positive magnetisation (field measure
ments; Larsen & Watt, 1985). In the Kangerdlugssuaq
area the higher levels of the plateau basalts and the
capping alkaline lavas have not been palaeomagnet
ically investigated, and the possibility that the sequence
ranges into chron 24N is open.

The occurrence ofprimitive and evolved basalts

Primitive basalts, with Mg ratios of 0.7 and higher
(picrites), occur in continental areas in West Greenland,
Kangerdlugssuaq and the Faeroe Islands, and in an
oceanic environment in Iceland. In Iceland they are
associated with crustal accretion in the central rift zone,

Table 25. Tentative correlation seheme for parts af the North Atlantie in the early Tertiary

Northern East Scoresby Sund Kangerdlugssuaq Faeroe Chron.,
Greenland Islands

Upper Igtertivå Fm Alkaline 24N
series lavas?

Skrænterne Fm Upper
Lower series Irminger Fm seriesRømer Fjord Fm

---- ?~---- 24R
Geikie Plateau Fm Hængefjeld Fm

MilneLandFm Mikis Fm Middle
series

Magga Dan Fm Vandfaldsdal Fm

25 N
Lower 25 R
series 26N

26R



and they may have been continuously erupted at the
spreading centre since the spreading started. On the
continent, they have in any one area only been erupted
in one Iimited time period, not necessarily at the start of
volcanism, but in all cases apparently at the start of
continental rupture. In this situation, the density filter
that normally prevents primitive magmas from'reaching
the surface does not seem to exist. The situation may
depend on the upwelling of mantle material to suffi
ciently high levels beneath the surface.

Evolved tholeiitic basalts, with Mg ratios commonly
between 0.6 and 0.4, with relatively high contents of Fe
and Ti, and moderate contents of incoinpatible ele
ments, occur in most areas of the North Atlantic, viz.
central and northern East Greenland, the Vøring Plat
eau, the Faeroe Islands, West Greenland, Iceland and
the Mid-Atlantic Ridge. They have been erupted
throughout the time from Paleocene to Recent and in
all tectonic settings. However, most magmas on the
continental parts have higher TiO/P20 S and ZrlNb ra
tios than most magmas on the oceanic parts. The author
has ascribed this featUre to different post-generational
processes due to different tectonic settings, but other
explanations may be possible.

Peirogenetic models for the North Atlantic
igneous province

Considered in relation to the three ~chematic trends
in e.g. fig. 95, the preceding review shows that magmas
belonging to the enriched 'picrite-ankaramite' trend
were only erupted in Kangerdlugssuaq and the Faeroe
Islands, and only in the same limited time period as the
picrites there. Magmas broadly c1ustering around the
intermediate 'tholeiite' trend are common in both
space and time, while magmas approaching N-MORB
in composition are rare except at the Mid-Atlantic
Ridge (including Iceland's central rift zone) and the
Rockall Plateau.

The question of which magmas came from which
mantle type is difficult to address because the the com
position of the supposed mantie plume is not known,
and any amount of mixing between the mantle materials
or their melts is possible. Some possibie simplified sce
narios can be sketched.

1) The mantle plume is only slightly or not at all
different from N-MORB generating mantle. The most
unmodified magmas are erupted in Iceland's central rift
zone, but the bulk of the magmas undergo post-gener
ational enrichment processes in the lithosphere. This is
the model of Oskarsson et al., (1982, 1985) the mecha
nism of which depends on crustal accretion in a spread
ing zone. It has to be postulated that similar enrichment
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processes ean occur under non-spreading conditions,
resulting in very similar basalts except for TiO/P20 S

and Zr/Nb ratios. The most enriched magmas may in
c1ude a component of enriched subcontinentallithosph
ere.

2) The mantle plume is considerably enriched and has
given rise to the 'picrite-ankaramite' trend, while de
pleted asthenospheric mantle has given rise to the 'tho
leiite' trend. This is like the modelof Brooks & Nielsen
(1982a). It was modified by Gill et al. (1988) and Holm
(1988) so that the 'picrite-ankaramite' series also in
c1udes a component of enriched lithospheric mantle.
Since the mantle plume has been situated in the Kanger
dlugssuaq area this model explains the confinement of
the enriched basalts to Kangerdlugssuaq and the Fae
roes. But it has to postulate, either a filter mechanism
that prevents enriched magmas from the plume to erupt
in Iceland today, or that the p/urne has changed compo
sition with time. It also offers no explanation for the
difference between the less-depleted North Atlantic
mantle and the N-MORB generating mantle.

3) The mantie plume is the one that gives rise to the
intermediate 'tholeiite' trend. This is in essence the
modelof Schilling (1973). It explains the 'North Atlan
tic mantle' simply as the plume material. A conse
quence of this model is that all the North Atlantic
igneous areas except Great Britain, the Rockall Plateau
and the Mid-Atlantic Ridge south of 61°N are plume
influenced. The plume must have been present before
the spreading started, and the plume material has either
mushroomed out within the asthenosphere in a region
with more than 1000 km diameter (White, 1988), or has
been channelIed such distances (Vink, 1984). The en
riched magmas in the Kangerdlugssuaq-Faeroes area
may still be explained as containing a component of
enriched lithospheric mantle, melted due to the extra
heat provided by the centre of the plume (the 'jet' of
Gill et al., 1988). This model explains the scarcity of
N-MORBs in the Tertiary parts, but not their relatively
frequent occurrence at present along the Mid-Atlantic
Ridge including Iceland, unless it is postulated that the
plume has changed composition with time.

The real situation may contain elements from all
three scenarios. Given that both scenarios 2 and 30per
ate with an enriched lithospheric component in the most
enriched basalts, they mayeasily be reconciled into one
scenario with a mantle plume component with an un
specified degree of enrichment and an N-MORB pro
ducing asthenopheric component. The whole spectrum
between the two may be produced by mixing of manties
or magmas and also by the post-generational processes
envisaged for scenario 1. This petrogenetic frame is only
very general, but it must be concluded that it is at
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present not possibie to pinpoint more specific scenarios
because many of the variables are not sufficiently con
strained. In particular, the composition and dynamics of
the mantle plume and its possibie evolution with time
are relevant and should be addressed in the future. Any
model has to be tested against the geological record,
and collection of data to complete this record, as has
been done for the Scoresby Sund basalts in this work, is
necessary for testing future models.

Concluding remarks

The North Atlantic igneous province contains a rec
ord of plate tectonic processes, crustal formation and
the life of a hotspotlmantle plume during nearly 60
million years. The volcanic products from the initial
phase of continental break-up are of special significance
because they record the processes in a stage of marked
disequilibrium in crust and mantle. The Seoresby Sund
basalts provide a particularly well-exposed and com
plete section through the produets from the initial
phase, and the present study has, by combining stra
tigraphie and geochemical methods, demonstrated the

evolution of the igneous aetivity in space and time that
took place during eontinental break-up and initiation of
sea-floor spreading. The knowledge of this evolution
eontributes to the understanding of the underlying proe
esses in mantie and erust.
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APPENDIX 1
Location of type profiles, reference profiles, and other profiles with analysed samples

Profile Map sheet Latitude Longitude Name

I 70Ø 2 70.068°N 26.682°W basalt valley, E Gåseland
IV 70Ø2' 70.167°N 26.203°W Sydbræ
V 70Ø 2 70.223°N 26.250oW outer Sydbræ
VII 69Ø 69.858°N 27.208°W Levynitfjeld, W. Magga Dan Gletscher
VIII 70 ø 2 70.367°N 25.407°W Tænderne
8 70Ø 2 70.813°N 25.837°W NE Milne Land
13 70 ø 2 70.618°N 26.093°W S Milne Land
16 70Ø 2 70.325°N 26.858°W Knækket
21 70Ø 2 70.222°N 25.135°W Bredegletscher
27 70Ø 2 70.608°N 26.207°W S Milne Land
28 70Ø 2 70.608°N 26.207°W S Milne Land
37 70 ø 3 70.307°N 28.437°W Hjørnedal
38 70 ø 3 70.300oN 28.063°W central Gåseland
39 70 ø 3 70.305°N 27.878°W central Gåseland
44 70Ø 2 70.042°N 24.208°W Skrænterne

.47 70Ø2 70.252°N 24.513°W below Spiret
48 70Ø 2 70.252°N 24.942°W peak 1290, S of Terrassevig
51 70 ø I 70.l oN 23.52°W østre Borggletscher
52 70 ø 2 70.253°N 25.888°W W of Tænderne
55 70Ø 2 70.065°N 26.118°W upper Sydbræ
59 70 ø 2 70.172°N 26.993°W Rævebræ
63 69 ø 69.967°N 28.03°W S of Gåsefjord
65 69 ø 69.948°N 28.48~oW S of Gåsefjord
71 70 ø 3 70.167°N 30.513°W westernmost nunatak
72 70 ø 3 70.093°N 29.598°W western nunatak
74 70Ø 2 70.172°N 25.257°W W Bredegletscher
76 69Ø 69.88°N 26.95°W E Magga Dan Gletscher
77 69Ø 69.47°N 29.57°W Gronau Nunatakker
78 69 ø 69.40oN 29.55°W Gronau Nunatakker
91 69Ø 1 69.462°N 24.163°W below sediments at Kap Dalton
94a 69Ø I 69.414°N 24.142°W S side of Kap Dalton
102 69 ø l 69.798°N 23.870oW head of Rømer Fjord
103 69 ø l 69.758°N 23.857°W head of Rømer Fjord
104 69Ø I 69.857°N 24.070oW Bartholin Bræ
105 69Ø I 69.773°N 23.905°W inner Rømer Fjord
106 69Ø I 69.790oN 23.868°W inner Rømer Fjord
108 69Ø l 69.482°N 24.413°W Kap Dalton valley
114 69 ø l 69.932°N 23.313°W N of Manby Halvø
111 69 ø l 69.932°N 24.1I0oW Kap Dalton east of graben
112 69 ø l 69.512°N 24.378°W head of Kap Dalton valley
117 69Ø l 69.993°N 23.963°W Pyramiden
126 70 ø l 70. 1300 N 22.258°W Søstrene, Savoia Halvø
129 70Ø l 70.142°N 22.197°W Kastellet, Savoia Halvø
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Profile 21 Profile 27 and 28 - southern Milne land 
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Formation MlF MlF MlF GF GF GF GF GF GF GF GF GF GF
Type h-Ti h-Ti h-Ti Ti-th Ti-th h-Ti m-Ti m-Ti m-Ti m-Ti lom-Ti l-m-Ti I-m-Ti
Height m BOI 1328 1350 1370 1391 1395 1502 1560 1625 1638 1658 1678 1706
GGU No. 96631 96633 96634 96636 96637 96638 96641 96642 96645 96647 96649 96651 96653

SiO, 4868 4830 46·57 4712 4512 48-57 4756 4748 47·09 4764 4730 4682 4723
TiO 279 280 2·95 358 3·67 3-21 237 242 2·42 2·40 2·19 214 2·27
A1,O, 1365 1350 12-57 1297 IH8 1367 1397 1373 13·44 1356 IH7 13·73 13·52
Fe,O, 484 430 522 564 11·15 443 4·89 452 5·95 484 4·73 5-46 425
FeO 808 8·56 8·44 8·36 350 882 769 771 734 8·27 781 6·92 8·50
MnO na na na na 0·19 na na na na na na na na
MgO 661 665 7·07 602 5·86 6·73 710 6·38 631 662 7·09 6·86 692
CaO 1086 1086 1013 10·48 886 1062 10·95 1134 1122 11·44 1164 11·66 11·08
N~O 2·48 2-45 2-33 2·37 3·08 2·53 218 2'06 2-11 220 2·05 1·91 248
K, 027 0·26 037 0·31 0·62 0·39 033 035 027 030 0·24 0·23 0·25
P,O, 0·28 0·26 029 0·35 032 033 021 0'23 023 0·24 0·20 020 0·20
l.o.i. 170 197 427 2·29 HI 127 2·46 3·79 346 226 272 4·03 3·07

IOO14 99·91 100·21 9949 99·56 10057 9971 10001 m4 W1'f 99-74 99% 9977

Pro/ile 37 - Hjørnedal Pro/ile 38 Pro/ile 39 - NE Gdseland (upper part)

Formation MF MF MlF MLF MLF MlF MlF MlF MLF MLF GF GF GF
Type h-Si h-Si h-Ti Hjørn h-Ti h-Ti m-Ti Hjørn h-Ti h-Ti Ti-th h-Ti Ti-th
Height m 1417 1482 1506 1525 1570 1614 1636 1288 1440 1445 1458 1472 1512
GGU No. 96875 96879 96881 96882 96884 96886 96887 96913 96939 96940 96942 96943 96944

SiO, 5327 50·83 4805 49·32 4752 4883 4893 49·48 48·25 4849 4729 4693 4837
TiO 2·08 2·08 305 2·26 329 304 2·39 2·24 284 290 3·68 327 370
AI,O, 1303 13-23 14·13 13·89 1433 13-55 13·99 14·37 13·48 13·40 12·96 IH2 1237

~~, 201 2·77 339 230 860 HI 3-33 313 488 5·80 620 402 6·29
860 852 938 9·26 5·81 1047 965 8'19 8·47 770 8·24 948 8·97

MnO 016 0·17 018 017 0·20 020 0·20 0·17 019 0·20 019 019 021
MgO 683 7·82 713 8·46 535 6·31 697 799 682 660 6·14 6·53 5·66
CaO 940 1033 1081 10·93 1020 10-53 1141 10·78 11·01 1094 10·58 1098 10·08
Nal 232 2·26 227 229 2·53 2·52 2·40 2·17 234 234 236 1·98 2·55
K, 0·86 038 016 0·30 035 035 0-17 0·24 036 028 0·41 037 0-58
P;O, 0·21 0·20 030 0·21 030 029 0·22 0·21 0·27 0'31 0·37 032 0·36
l.o.i. 119 1·18 1·07 0·69 1·13 J1l 070 101 ---lli 0·92 1·44 236 0·78

99·96 99·77 9992 100·08 9961 10027 10036 9998 10015 99:s8 9986 ms 99·92

Pro/ile 44 - Skrænterne

Formation GF GF GF GF GF GF SF SF SF SF SF SF SF SF
Type l-m-Ti I-m-Ti I-m-Ti I-m-Ti h-Si m-Ti m-h-Ti m-h-Ti Ti-th l-Ti l-Ti l-Ti l-Ti l-Ti
Heighl m 1520 1546 1592 1616 1664 1726 1265 1284 1313 1360 1382 1398 1430 1451
GGU No. 96945 96946 96948 96950 96953 96954 98287 98257 98258 98261 98262 98264 98265 98266

SiO, 4850 46·96 4674 4833 5l-34 47·95 48·29 4853 4768 4808 4843 4919 4961 4944
TiO 222 2-18 220 231 208 257 246 260 3'12 212 2·00 1·78 1·90 188
Al,O, 13·58 13·74 1344 1349 1300 1367 1491 1422 14·11 14·60 1492 1493 14·43 14·57
Feg, 464 3·84 595 380 2-71 429 478 426 432 5·93 5·61 539 4·23 3-98
Fe 8·22 8·93 H8 9·25 7-91 9·04 7-92 8·53 9·74 665 6·44 6·44 8·30 8·51
MnO 019 019 019 020 020 0·19 028 027 0·29 0·25 027 025 028 027
MgO 708 H7 H3 694 7·64 676 621 699 5·81 733 723 7-14 681 681
CaO 11·35 1178 1156 11·36 9-41 1090 1167 11·28 1089 1147 1159 1144 1134 1131
N~O 210 188 189 209 214 228 239 242 252 220 2·06 218 236 236
K, 033 019 019 0·34 055 0·32 Oll 0·16 0·37 012 0·09 022 0·24 0·28
p;o, 021 019 019 0·22 0·19 0·24 0·21 0·21 0·30 017 016 016 016 015
I.o.i. ..llQ 287 262 135 211 158 122 111 100 171 ~ ~ 095 103

9992 99·92 9928 9968 9928 99·79 10045 10058 10015 100'63 10106 10070 100·61 10059

Pro/ile 47 - bay on Volquart Boons Kyst below Spiret

Formalion SF SF SF SF SF SF SF SF GF GF GF GF GF GF
Type l-Ti 1-m-Ti l-Ti l-Ti l-Ti m-h-Ti m-h-Ti m-h-Ti h-Ti Mikis m-Ti m-Ti m-Ti m-Ti
Height m 1474 1542 1547 1578 1596 1631 1700 1795 68 135 186 200 207 266
GGU No. 98269 98273 98275 98278 98279 98281 98283 98286 98378 98380 98381 98382 98355 98384

SiO, 49·10 47-89 48·91 4859 4885 4912 4957 48'65 4889 4975 4875 4864 4895 4858
Ti6 2·04 229 199 177 204 260 2·65 251 307 245 229 245 2·29 246
AI,O, 1417 1403 14·34 14·71 1416 1339 1340 1319 13-29 1141 14·17 1379 1420 1409
Fe,O, 3-92 4·74 430 6·61 493 5-47 536 4·94 4·91 324 683 499 612 549
FeO 854 865 852 6·19 8,48 9·06 931 961 9·01 922 521 819 679 735
MnO 027 0·29 028 027 0'28 031 032 031 020 018 0'17 019 0·19 019
MgO 7-02 6·69 679 6·94 6·79 591 559 629 626 1058 684 696 686 651
CaO 11·47 1/·48 1176 11·56 JI08 1070 1053 1045 1041 919 JI41 10·84 lIlO 1115
N~O 229 2·20 2·18 212 221 241 261 243 2·33 199 216 241 232 2-36
K, 030 012 008 0·23 0·23 035 0·38 037 029 0·53 013 031 025 036.
p;o, 0·17 0·19 017 0·14 0,18 024 0·23 023 027 021 020 022 020 022
l.o.i. ..J!:2Z ~ 1·14 ~ 127 080 0·67 1·02 -LQ1 1·16 172 1·04 0·99 1·16

10026 10008 10046 100,19 100,50 10036 10062 10000 100'00 99·91 9988 10003 10026 9992
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Formation OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF
Type m-Ti h-Ti h-Ti h-Ti m-Ti l-Ti l-Ti m-Ti l-m-Ti h·Ti m-Ti l-Ti l-Ti l-Ti l-Ti
Height m 266 301 403 424 465 538 570 606 665 728 748 762 798 822 860
GOU No. 98356 98357 98359 98360 98361 98362 98363 98364 98365 98367 98368 98369 98370 98371 98372

SiO, 4898 48{)() 48·52 4811 48-39 48·56 48-22 4875 47·87 47·65 4771 48·42 4839 48·60 4825
TiO 255 289 2·85 2'90 250 215 215 242 222 295 249 212 210 207 2·02
AI,6, 1392 13·42 13-49 13-37 13·47 13-88 1380 1351 13·60 1258 14·21 1352 13·50 13-70 1380
Fe,O, 4·72 4·35 345 580 548 343 4·71 464 627 698 595 5·20 5·14 4·93 426
FeO 8-34 9-41 1006 865 819 902 7-91 899 6'69 852 720 7·77 7-85 7·88 8·39
MnO 0·20 0·20 020 021 021 0·19 0·19 021 019 023 019 0·19 020 022 019
MgO 646 6·44 639 6·13 624 7-12 713 609 692 584 6·05 694 690 709 7·02
CaO 1112 11·33 1106 10·72 1170 11·96 11·93 1148 11·69 1076 1183 1192 1184 1179 1161

N,::?
229 2·26 2'28 239 223 218 2{)6 231 199 2·34 228 2·25 2·15 n5 2·10

K, 0·3\ 0·15 031 0·27 015 0·19 0·20 023 0·15 013 0'11 018 0·27 024 046
P,O, 023 026 0-26 026 023 0·19 020 022 0·19 0·26 0·24 0·19 019 018 0·18
Lo.i. 101 1·22 097 1·46 138 0·88 140 092 206 2·03 1·63 104 149 111 ...ll2

10013 99·93 9%i 10027 10017 9975 9990 9977 9984 100·27 9989 99·74 100·02 10006 99·87

Pro/ile 48 - peak 1290 (south o/ Terrassevig)

Formation OF OF GF OF GF GF OF RFF RFF RFF RFF RFF RFF SF
Type l-Ti m-Ti l-Ti h-Ti l-Ti h-Ti h-Ti lol-th I ol-th Ti-th u ol-th MORB MORB m-h-Ti
Height m 890 922 942 1020 907 975 1006 1021 1044 1102 1148 1194 1217 1225
GOU No. 98373 98374 98375 98376 98398 98397 98396 98385 98387 98388 98391 98392 98393 98394

SiO, 48-42 4797 49·11 48·20 4905 4811 4766 4657 4625 46·11 46·96 4856 48·56 4830
TiO 214 2·35 212 305 209 317 288 2-32 210 391 2·56 1·69 164 281
AI,6, 1358 1371 1355 1273 1369 12-44 13-24 1378 1342 1276 1437 1443 14·71 1318
Fe,O, 4·34 5·88 480 534 422 731 6·83 518 323 7-12 6·07 651 675 4·95
FeO 883 7·24 764 1022 8-45 884 6·94 732 872 863 650 608 594 960
MnO 020 019 020 0·23 019 0·24 023 020 017 022 0·18 018 0·18 0·22
MgO 685 6·98 693 572 6·99 550 6·59 880 863 594 684 6-49 6·47 625
CaO 1168 11·65 1159 1056 11·30 1027 11·17 IO 10 11·80 1074 11·32 1209 12·17 1135

Nat 2·16 n5 226 244 211 2'39 nI 2'07 1·90 2·34 2,11 2-31 234 248
K, 028 027 0·31 040 0·60 043 029 028 0·18 015 018 0·12 0·12 024
p;o, 019 022 020 0·28 020 0-30 027 023 017 038 0·25 012 0·12 0·25
I.o.i. ..l.1.!. 1·26 127 0·93 1·21 123 166 324 3-38 198 2·63 164 1·25 066

9998 99·97 9998 10010 10010 10023 99·97 fiiO."09 99·95 10028 ~ 10022 10025 10029

Pro/ile 51 - østre Borggletscher Profile 52 -

Formation OF GF OF OF OF OF OF GF GF GF GF OF MLF MLF
Type h-Ti h-Ti m-Ti m-Ti m-Ti m-Ti l-Ti I·Ti m·Ti h-Ti h-Ti m-Ti Ti-th h-Ti
Height m 225 278 327 342 366 383 427 460 515 585 588 638 158 184
GOU No. 98435 98436 98437 98438 98440 98441 98442 98443 98444 98445 98446 98447 98503 98505

SiO, 4811 4788 4731 4733 4737 4824 4819 4865 4813 47·91 4797 4773 4867 4721
TiO 280 2·85 2·53 260 2·54 244 232 237 267 341 342 2·55 345 3·06
AI,6, 13-38 1373 1365 1345 1365 13·30 1353 1340 1327 1254 1246 1379 12-33 1345

~~, 440 520 595 626 627 584 479 4·83 638 473 5·27 628 477 6·03
898 909 785 788 774 7·86 825 8·70 826 10·86 10·31 707 989 782

MnO 020 020 020 020 020 020 019 0·20 021 0·23 023 020 027 031
MgO 638 587 635 637 6·30 685 666 646 587 563 569 6·35 678 641
CaO 1104 1079 11·63 1162 1164 1128 1186 1137 1070 1027 1019 1156 978 10-39
Na,O 237 2·43 218 221 2·24 233 224 238 245 267 268 2-38 2·40 240
K,O 022 023 014 0·13 012 032 014 0·32 0·30 030 038 012 034 016
p,o, 027 028 024 025 024 023 0·20 022 024 033 033 0·24 030 0·28
Lo.i. ..l.l2 ~ -l:ll!l 179 --2lU 126 142 ~ -ill. -LQ1 112 -.l1!l 1-42 2-41

99·44 10000 100·03 10009 10034 TIlO15 99·79 9995 99'83 9991 iOOO5 99·97 j(j(f4Q 9993

valley west o/ Tænderne

Formalion MLF MLF MLF OF OF OF OF OF OF GF OF OF OF OF OF
Type m-Ti m-Ti m-Ti Ti-th h-Ti h-Ti h-Ti h-Ti h-Ti h-Ti m-Ti m-Ti m-Ti m-Ti m-Ti
Heighl m 218 280 346 387 456 494 513 520 590 600 665 673 682 713 728
OGU No. 98508 98509 98510 98511 98512 98513 98516 98463 98464 98465 98467 98468 98470 98471 98472

SiO, 48·80 49-34 48·97 48·76 4812 4813 47·85 4849 4830 48·38 48·16 4821 4805 47·77 47·91
TiO- 2·51 2·65 266 3,59 2·95 292 3·09 291 2·93 305 270 265 251 269 255
AI,6, 13·68 13·71 14·30 13{)2 1320 1330 1303 1340 13-18 13·09 13·57 13·76 13·97 13-68 1422
Fe,O, 642 504 581 5·07 5·51 512 6·46 4·87 576 585 724 5·87 6-36 698 4·62
Fe/) 563 785 715 8·78 802 8-42 776 8·47 8·7]- 868 6·09 718 6·25 6·06 791
MnO 0·19 0·28 030 0·25 024 024 024 024 027 024 0·24 025 023 0·27 024
MgO 6·16 627 616 6·14 6·75 679 6·21 681 6·38 6·02 656 674 667 663 652
CaO 11·00 1087 1093 10·26 1110 1110 1093 10·82 10·46 10·36 11·07 11·02 11·32 11·26 1062
Na,O 244 256 2-41 250 228 2·43 2·31 231 226 235 221 221 208 209 199
K.O 0·39 039 034 054 016 022 044 037 031 036 022 0'22 014 0·20 080
P;O, 0·22 0·24 0·23 034 0·25 0·26 0·28 0·26 0·26 028 021 0·23 022 0·21 022
1.0.;". 244 087 0·77 089 1·68 113 1·41 116 111 1·11 1·49 151 1·93 202 216

9988 10007 iOOli3 10014 10026 10006 iOOlii 10011 9993 9977 9976 9985 9973 9986 9976
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Formation GF GF GF GF GF GF GF GF GF GF GF GF GF GF GF
Type m-Ti m-Ti m-Ti m-Ti m-Ti m-Ti m-Ti m-Ti m-Ti m-Ti m-Ti m-Ti m-Ti l-Ti l-Ti
Height m 742 770 780 788 800 822 850 892 920 964 971 1012 1065 1092 1139
GGU No. 98473 98475 98476 98478 98479 98480 98481 98483 98484 98487 98488 98489 98490 98492 98493

SiO, 4841 4828 4831 4831 4837 4836 4838 4818 4842 4875 48·64 48·32 4807 4825 4867
TiO, 259 258 257 256 256 246 226 231 245 238 243 261 235 217 229
Alp, 1350 13·28 1343 1327 13'38 1333 1356 1360 1339 1362 1362 13·86 1379 1377 1383
Fe,O, 556 629 638 540 6·15 5·74 537 483 4·58 571 386 507 776 792 485
FeO 790 7·31 717 792 709 741 719 794 858 723 918 825 543 526 833
MnO 0·25 n5 0·25 025 026 026 024 025 025 027 0·28 027 0·28 027 028
MgO 649 6·55 6·27 682 654 687 728 721 696 686 6·87 6·41 704 724 654
CaO 1133 11·33 1146 1148 1163 1139 1132 1126 10·75 1131 1098 1107 1159 1177 1167
Na,O 221 213 234 229 232 229 213 218 217 235 219 237 221 231 238
K,O 016 017 015 019 019 025 046 048 073 031 060 034 024 023 020
P;O, 023 0·24 023 022 0'22 022 020 020 021 021 0·23 0·23 023 020 020
I.o.i. 139 \·58 157 1·17 1·29 ~ 164 1·72 143 100 145 116 14\ 092 113

10002 99'99 iOOTI 9988 100·00 9986 10003 10016 9992 10000 10033 9996 10040 10031 100"37

Profile 55 - Upper Sydbræ

Formation GF GF GF GF GF GF GF GF GF GF GF GF GF RFF
Type l-Ti l-Ti l-Ti l-Ti m-Ti m-Ti l-Ti l-Ti l-Ti l-Ti l-Ti h-Ti h-Ti Ti-th
Height m 1180 1194 1206 1247 1294 1309 863 902 935 948 970 1058 1130 1162
GGU No. 98494 98496 98497 98498 98500 98501 98533 98534 98535 98536 98537 98538 98541 98543

SiO, 4854 4862 4882 4869 4794 4796 4828 4854 4861 4903 4841 4838 4890 4745
TiO, 214 218 210 206 243 232 218 208 205 217 218 322 289 3·83
AI,O, 1359 1355 13·78 1392 1350 1384 1367 1375 1395 1378 1371 1268 13-29 13·00
Fe;O) 555 466 524 4·12 459 336 361 386 579 542 404 479 435 6·15
FeO 727 822 747 8'39 892 925 936 879 687 766 896 1072 898 859
MnO 028 028 028 028 031 028 029 028 028 028 029 032 028 032
MgO 697 691 695 722 702 719 697 708 731 690 692 567 658 578
CaD 1173 1148 1162 1158 1110 1133 1129 1141 1181 1160 1100 1025 1111 10·74
Na,O 228 215 233 219 225 222 248 212 2·25 241 210 257 238 2·18
K,O 016 045 029 033 039 045 028 0·53 023 032 065 044 030 018
p;O, 019 019 017 017 023 023 019 018 018 019 020 030 026 036
I.o.i. 148 182 126 125 171 210 182 158 120 077 187 122 108 1·70

fiill18 lM'i1 10031 100'20 10038 10053 10042 10020 iOO'53 100·53 iOOTI iOO56 iOO4O 10028

Formation RFF RFF RFF RFF RFF RFF RFF SF SF SF SF SF SF SF SF
Type lol-th lol-th I ol-th Ti-th MORB MORB MORB m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti Ti-th I-m-Ti h-Si
Heighl m 11'74 1198 1207 1218 1257 1270 1286 1292 1306 1354 1387 1432 1460 1488 1504
GGU No. 98544 98545 98546 98547 98549 98550 98551 98552 98553 98554 98556 98557 98559 98560 98561

SiO, 4646 4683 4627 4643 4797 47·05 4815 4857 4850 4849 4728 4655 4676 46·80 5090
TiO-, 217 222 219 401 114 125 177 269 2·65 280 289 282 429 224 196
AI,O, 1327 1376 1332 1286 1441 1454 1421 1365 1360 1331 13·08 1343 1220 1381 1409
Fe:O; 314 342 453 633 437 420 522 501 595 560 540 432 582 560 390
FeO 837 816 709 892 621 659 726 885 787 856 8·92 923 1026 717 7·68
MnO 025 025 025 027 022 022 025 027 026 025 027 026 028 0·24 0·23
MgO 863 826 799 586 933 867 656 605 588 587 6·42 677 536 694 646
CaD 1160 1182 1183 1012 1225 1238 1177 1118 1120 1090 1104 1118 979 1215 1081
Na,O 167 181 178 230 154 150 185 256 262 260 234 169 265 178 247
K,O 026 0·29 022 045 007 009 009 033 034 033 0·36 023 062 012 043
P:O, 017 018 018 039 007 008 014 024 025 027 0·26 025 044 016 017
I.o.i. 4·01 ....1;Qi 395 140 198 295 236 097 072 123 167 339 138 288 079

10000 10005 9960 9934 9936 9952 9963 l1lli1'f 9984 10021 9993 10012 9985 9989 9989

Profile 59 - Rævebræ

Formation MF MF MF MF MF MF MLF MLF MLF MLF MLF MLF MLF MLF MLF
Type m-Ti m-Ti m-Ti m-Ti m-Ti m-Ti h-Ti Ti-th Mikis h-Ti Hjørn h-Si h-Ti h-Ti h-Ti
Heighl m 263 269 309 325 335 341 396 425 497 522 544 552 575 587 605
GGU No. 98582 98583 98587 98588 98589 98590 98591 98592 98593 98594 98595 98596 98597 98598 98599

SiO, 4864 4892 4912 4874 4919 4959 4846 4829 .4HO 4944 4965 5056 4818 4853 4850
TiO: 256 261 253 255 267 246 321 379 2·32 287 239 259 309 295 298
AI,O, 15·12 1386 1399 1397 1351 1400 1307 1329 1196 1H3 1468 13·81 1364 15·70 1396
Fe,O, 4·32 421 458 5·48 464 4·61 4·16 '451 6·47 4·86 332 457 535 765 404
FeD' 772 816 762 676 768 740 9·78 1002 5·75 748 782 712 738 541 915
MnO 024 023 023 023 023 022 027 027 017 020 022 0·24 024 0·19 023
MgO 645 719 702 663 708 720 656 593 1052 646 726 6·03 668 492 597
CaO 1115 1122 1103 1130 1080 1070 1013 959 963 1025 1058 1054 992 1045 1023
Na,O 242 206 211 202 212 220 233 218 194 2·53 240 249 237 255 246
K.O 015 011 012 038 013 016 023 040 0·37 0·59 038 052 015 0·20 039
P:O, 024 021 023 021 023 020 028 035 021 028 025 0·25 026 027 026
1.0.L 134 153 167 182 171 142 147 110 275 0·83 --l12 093 218 129 110

10035 10031 100·25 10009 9999 100·16 9995 9972 9969 9962 10020 9965 9944_ 10011 9927
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Formation MLF MLF MLF MLF GF GF GF GF GF GF GF GF GF GF GF
Type Ti-th m-Ti m-Ti m-Ti Ti-th Ti-th h-Ti m-Ti m-Ti m·Ti m-Ti m-Ti m-Ti m-Ti m-Ti
Height m 649 679 690 703 735 767 854 926 967 979 1013 1046 1115 1133 1198
GGU No. 98600 98701 98570 98571 98572 98573 98575 98576 98577 98578 98579 98581 98703 98704 98705

SiO, 4862 47·02 4782 4860 4829 4838 4840 4836 4795 4864 4741 48·86 4732 4828 4811
TiO, 423 229 252 256 356 350 296 268 260 264 256 247 252 235 247
Alp, 1246 1499 1438 1447 IB5 1327 1354 1380 1430 1358 1362 1359 1348 1382 13'61
Fe,O, 539 479 465 396 433 4·76 490 458 596 4·91 588 480 600 415 496
FeO 966 680 812 8·53 949 895 874 847 681 866 775 823 772 892 837
MnO 025 024 024 024 024 025 025 024 024 025 024 024 0·25 023 025
MgO 538 6·53 648 616 611 5·93 653 647 643 603 665 678 673 721 680
CaO 970 1092 1091 10·91 993 1028 1074 1097 1116 1116 1119 1130 1154 11·04 1127
Na,O 247 BO 240 244 256 249 255 243 229 2·37 219 232 BI 220 234
K,O 065 010 Oll 020 051 056 035 027 020 023 032 039 0·25 028 033
P;O, 041 019 023 021 0·34 033 025 025 024 025 023 0'23 024 019 021
I.o.i. 106 310 234 155 1·22 0'98 0·71 144 180 148 165 100 ..JlQ. 1·53 097

10028 99·27 100·20 W81 9993 99·68 9992 99·96 9998 100·20 9969 10021 9966 10020 9%9

Pro/ile 63 - soulh 0/ Gåsefjord

Formation GF GF GF GF MF MF MF MF MF MF MF MF MF MLF
Type m·Ti m-Ti m-Ti l-Ti m-Ti m-Ti m-Ti m-Ti m·Ti m-Ti m-Ti m-Ti h-Si h-Ti
Height m 1221 1240 1275 1313 200 250 316 322 371 436 457 469 511 543
GGU No. 98706 98707 98708 98709 98638 98639 98641 98763 98754 98756 98757 98758 98761 98762

i:g, 4795 4837 4748 4863 4919 4998 5033 49·15 4792 4994 5021 5040 5302 48·81
254 234 269 228 252 244 245 249 240 241 255 261 193 310

AI,O, 13·66 1364 1386 1352 1427 13·l!? 14·01 1407 1388 1397 1378 1372 1352 1362
Fe,O, 607 387 489 4·71 399 283 254 2·90 284 408 278 2'99 2·47 4·15
FeO 767 905 871 870 797 895 930 923 887 773 930 916 7·83 9·57
MnO 0·25 024 025 0·27 028 023 023 0·23 023 022 0·23 0·23 020 024
MgO 6·67 713 6·64 658 601 7-l2 6·81 691 703 7-02 683 673 675 629
CaO 1120 1114 11·04 11·29 1156 1079 1091 1131 1090 Il 07 1089 1072 9·88 1040
Na,O 232 222 236 233 2·24 2'22 2·24 221 146 2·08 2,19 228 2·52 238
K,O 0'20 031 021 031 023 026 027 016 020 0·17 013 021 044 028
P;O, 021 019 023 021 024 020 019 020 021 0·21 021 024 017 0·28
I.o.i. 121 lSI 125 1·11 141 096 104 I {)9 409 --..l2Q 120 114 109 109

99·95 10001 9961 99·94 9991 99·85 10032 9995 10003 100·50 10030 10043 ~ 10021

Pro/ile 71 - westernmosl nunatak Pro/ile 72 - western nunatak

Formation MLF MLF MLF MLF MLF MLF MLF MLF MLF MLF MLF MLF MLF
Type h-Ti m·Ti m-Ti h-Ti h-Ti Ti-th h-Si h·Si h-Ti Hjørn Hjørn? m-Ti h·Ti
Height m 1812 1827 1852 1887 >1914 1624 1645 1654 1702. 1721 1750 1774 1802
GGU No. 98666 98667 98669 98670 98671 98836 98837 98838 98839 98840 98841 98844 98845

SiO, 4842 4991 49·18 4886 4883 48·52 5099 5154 48'86 4914 49·93 49·86 48·94
TiO 318 236 251 288 2·83 377 292 294 296 225 2·52 246 325
AI,O, 13 Il 1551 1405 1346 1354 12·86 1289 1278 1393 1363 1308 13·83 1380
Fe,O, 663 5·77 425 388 4·16 466 333 288 449 4·65 423 5·32 1011
FeO 761 5·30 868 9·34 9·13 1012 865 9'16 798 7-l0 7·82 675 421
MnO 020 013 019 019 019 020 0·19 017 0'17 016 017 017 0·18
MgO 545 486 634 646 637 601 658 673 682 855 783 6·75 527
CaO 1071 1158 11·39 1096 1104 1028 9·63 949 1078 10·84 1039 1108 993
Na,O 228 238 231 224 220 245 224 237 223 210 2·28 233 254
K,O 024 016 018 0·34 037 034 063 065 020 029 0·49 022 043
P;O, 030 021 023 027 026 036 031 030 029 021 0·32 022 031
I.o.r. 184 146 ....Q2i 087 ...LQ1. 103 137 104 131 106 -211 103 084

99·97 9963 10026 99T5' 9994 i"OO6O 9973 10005 10002 9998 100·03 iOOO2 9981

Pro/ile 74 - wesl Bredegletscher Pro/ile 76 -

Formation MLF MLF RFF RFF RFF SF SF SF SF SF SF GF GF
Type m-Ti h-Ti I ol-th h-Ti h-Ti m-h·Ti m-h-Ti m-h-Ti m-h·Ti Ti-th h-Si h-Ti Ti-th
Height m 1879 1921 1007 1070 1093 1108 1157 1181 1262 1312 1378 1227 1250
GGU No. 98847 98846 98871 98872 98873 98874 98875 98876 98877 98878 98879 98880 98881

SiO, 4901 48·86 4613 4761 4672 4773 4830 4822 4725 4627 5002 4821 4852
TiO-, 2·53 297 217 2·95 305 2·72 293 264 288 366 182 323 378
AI,O, 1387 13-46 1301 1388 1365 14·03 1284 1333 1300 1366 1383 1256 1233
Fe,O, 599 443 365 557 692 4·71 517 428 5·27 414 384 533 510
FeO 710 912 815 771 694 902 926 922 9·02 1076 810 1049 1064
MnO 019 020 022 024 021 027 027 025 0·27 027 023 032 032
MgO 642 640 877 616 639 632 619 671 655 604 697 549 556
CaO 1143 1091 Il 51 1121 1059 1066 1092 1134 11·12 1089 1124 1018 989
Na.O 233 234 194 241 240 244 255 250 240 244 235 250 264
K.O 017 031 020 016 028 025 033 027 022 015 033 044 045
p;O, 022 0·27 018 026 026 024 026 022 025 034 015 033 037
l.å.r. 099 0·91 -ilQ 1·87 228 141 108 114 142 128 085 1·34 1·07

10025 10018 9973 10003 9%9 9980 10010 100 12 9965 9990 9973 10042 10067
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east side o/ Magga Dan Gletscher Pro/ile 77 - Gronau Nunatakker Pro/ile 78 - Gronau

Formation GF RFF RFF RFF SF SF SF SF SF SF SF SF SF
Type h-Ti Ti-th h-Ti Ti-th I-m-Ti m-h-Ti l-Ti l-Ti l-Ti l-Ti l-m-Ti lom-Ti m-h-Ti
Height m 1332 1388 1400 1403 1407 1433 2506 2522 2535 2559 1834 1840 1856
GGU No. 98882 98884 98885 98886 98887 98888 98891 98892 98894 98895 104104 98899 98900

SiO, 4804 4714 46-06 4602 4H6 4788 4916 49·20 4959 4937 48·22 4824 4791
TiO 3-34 385 H)5 3·92 225 2·62 207 192 1·89 1·88 2·32 2032 269
Al,6, 13-55 1398 15·44 13·53 1567 13·55 14-33 14·42 1446 1485 13·62 13-38 1242
Fe,O, 3'69 6·41 563 6'56 506 8·49 514 723 466 5,94 418 5-88 607
FeO 10·00 6·65 7·06 8·57 689 548 7·85 5·99 820 716 9'11 . 767 875
MnO 0·29 025 036 0-32 025 0·29 028 0·28 028 028 021 021 022
MgO 658 631 657 6,17 579 6·72 692 6·37 6·75 626 6·96 666 586
CaD 1081 977 10·11 1036 11·73 1132 11·23 11·30 1124 1137 11·29 1135 1106
N60 261 2·67 226 241 238 2·43 241 2·35 2·35 2·39 2·22 221 BI
K, 0·35 0·67 0·16 021 018 018 029 0·24 025 019 0-40 027 019
P,O, 033 045 030 037 018 020 0·18 0-17 017 017 021 022 025
l.o.i. 109 ...1.ll ...2.ll ~ -lli. --Jl21 --ll.:2l -Jl!i ~ 068 -W. -ill 1·77

100'68 10049 10018 100·36 10028 100'13 10053 100·32 100·50 10054 99·79 9973 99·50

Nunatakker Pro/ile 91 - below sediments at Kap Dalton Profile 940 - south side

Formation SF SF tF IF IF IF IF IF IF IF IF IF IF
Type l-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti l-Ti l-Ti I-m-Ti
Height m 1876 1930 12 53 84 132 138 190 212 225 57 99 126
GGU No. 104102 104103 116340 116343 116344 116345 116346 116347 116348 116349 116378 116379 116380

SiO, 4875 4842 4890 49·83 4914 4864 48·86 48·10 48·08 48·16 48·60 48·35 47·92
TiO 206 283 261 301 249 232 223 300 2·76 276 2·21 1·93 230
AI,6, 1360 1327 1393 1335 1419 1392 1334 13·63 1337 13·55 13·55 1431 13·82
Fe,O, 332 501 592 554 5-45 680 618 668 662 747 570 612 493
FeO 912 931 717 889 733 691 797 7·81 774 637 7-31 6·87 8·13
MnO 020 0'22 0·19 024 022 025 022 029 0·24 0·22 021 0·21 0·20
MgO 703 560 543 470 571 5·60 600 547 5·66 5·65 644 656 7-06
CaO 1139 1098 11·01 966 1083 1133 1104 1011 10·87 11·01 11·58 1I·7l IH)7
N60 223 245 257 272 2·62 256 246 267 254 251 2·49 2-15 2·21
K, 035 0·34 060 045 0·51 020 0·20 0·28 0·21 0'17 028 0·18 033
p~O, 019 027 030 041 0·30 023 020 037 028 0·29 021 0'19 0·23
1.0.i. 124 104 1·45 1·45 150 160 -ill 1-47 ]·71 1·99 ~ -l1l 168

99-48 99·74 100·08 mm 10029 10036 10045 9988 10008 10015 100'26 100·31 99·88

o/Kop Dalton Pro/ile 102 - Rømer Fjord - Steno Gletscher (upper part)

Formation IF IF GF GF GF GF RFF RFF RFF RFF RFF RFF
Type l-Ti l-Ti m-Ti Ti-th Ti-tb Ti-th Ti-tb Ti-th Ti-th lol-th lol-th h-Ti
Height m 152 203 650 676 690 741 808 862 880 920 938 945
GGU No. 116381 116382 215452 215453 215454 215455 215457 215458 215459 215461 215464 215465

SiO, 47·93 48·95 48·84 46-48 4744 4747 47·03 4664 4606 46·23 4664 4560
TiO 2·15 2-06 2·54 3-47 366 359 390 3·80 3-48 203 1·92 297
AI,6, 14·30 13·96 12·99 13{)5 1312 13-35 1288 1283 1290 14·00 13'39 1316
Fe,O, 5·39 5-96 4·98 690 500 476 6·19 839 573 403 277 513
FeO 7·38 6'89 938 8-41 9-46 9·52 8-44 617 816 792 8·40 857
MnO 020 0·20 022 023 022 021 0·22 019 022 017 017 020
MgO 6·90 614 599 605 588 589 566 604 669 783 9·29 728
CaO 1l.1S n56 1106 1098 1080 1089 10-80 1055 1041 1173 1184 10·77
N60 2'16 2·49 266 2·24 2·55 251 254 259 239 207 188 202
K, 032 0·40 0·37 023 0-41 0-41 0·24 050 060 019 019 030
P;~, 0·22 0·23 030 033 038 036 037 0-38 035 016 015 0·27
1.0.1. 1·76 1·46 086 1·60 099 084 184 163 312 354 311 387

99-86 100'30 10019 '9§':97 99'91 9980 10011 9971 1llll1T 9990 W75 TIi014

PrO/ile 103 - head o/ Rømer Fjord Pro/ile 104 - Bartholin Bræ

Formation GF GF RFF RFF RFF SF SF SF SF SF SF SF SF SF
Type h-Ti h-Ti Ti-th u ol-th u ol-th m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti l-Ti
Height m 85 118 670 680 710 736 877 908 938 965 996 1018 1045 1070
GGU No. 215475 215476 215482 215483 215484 215485 215486 215487 215489 215490 215491 215492 215493 215494

SiO, 4745 4907 4650 4666 4579 4832 4831 48·29 48-46 48·23 47·72 47·59 4659 4779
TiO 295 338 HI 287 279 269 2·83 249 239 271 2·67 2·78 2'86 218
Al,6, 1271 12·26 1398 1393 1388 1400 1367 1368 1415 1320 1408 13·95 1344 14·60
Fe,O, 671 7·19 7·02 4·90 397 455 548 508 536 5,74 487 5·72 440 660
FeO 803 8·51 763 7·86 8·70 8·67 8·53 8·50 7·85 858 929 849 9·57 610
MnO 021 022 0·21 019 018 0·19 0·21 020 020 021 0·22 021 0·20 019
MgO 5·84 5{)2 556 711 750 618 6·12 642 625 6'08 571 5·82 668 6·92
CaO 1095 966 10·87 1099 11·11 1156 1119 11·53 1156 11·44 11·45 1131 11·16 11·58
Na,O 2·48 293 2·46 226 1·86 2·50 258 243 250 2·45 255 253 213 220
K,O 0·15 055 0·21 044 025 025 0'39 013 Oll 0·17 0·22 022 0·55 038
P~O, 0·28 041 038 028 028 0·24 027 024 023 0'26 0·31 026 0·27 017
I.o.i. 167 085 173 2li 3·97 -.Q:2l ~ -llQ -lll 113 107 .....llQ. 215 134

9913 10005 iOO'1'6 9987 10028 100·08 10019 10019 100,19 100·20 10016 10018 10000 TOO1i5
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Pro/ile 105 - Rømer Fjord-

Formation SF SF SF SF SF SF SF SF SF SF OF OF OF OF
Type m-h-Ti l-Ti l-Ti l-Ti l-Ti l-Ti l-Ti m-h-Ti m-h-Ti l-Ti m-Ti m-Ti J-Ti l-Ti
Height m 1095 1158 1202 1244 1304 1368 1397 1472 14% 1526 103 175 194 300
OOU No. 215495 215496 215497 215498 215499 215500 215501 215502 215503 215504 215508 215509 215510 215511

SiO, 48·24 4754 4799 4881 48·78 4876 48·67 4879 4812 48'62 4814 4789 48·16 4831
TiO-, 259 214 211 216 214 196 177 2·46 270 201 235 241 2·20 1·99
Al,å] 14·16 1443 14·44 1412 1416 14·66 14·56 1379 1317 1356 1374 1365 IH7 13-84
Fe,O] 490 722 629 429 4·60 4·57 709 610 766 571 394 602 576 452
FeO 820 573 628 891 878 830 611 785 775 748 893 735 784 810
MnO 0·18 0·17 017 020 020 020 0·19 021 024 020 0·21 020 020 0·19
MgO 6·69 669 636 662 6·54 653 6·61 617 595 706 704 692 6·72 7-17
CaD 11·31 1161 1189 1130 1134 1150 11·66 11·05 10·91 1152 1124 1149 1156 11·77

N'(?
2·37 227 224 234 2-40 2·35 2·27 250 244 229 2·36 2-45 233 228

K, 028 019 0·27 032 029 024 023 036 022 035 0·28 024 023 029
P;O, 023 . 018 018 019 0·19 017 0·15 023 025 0'17 022 022 020 018
l.o.i. 091 169 183 081 0·80 0·87 0·76 059 091 080 136 127 1·32 1·12

iOO1i6 9986 10005 TIllrll'T IOO1! TOOTI 10007 mno 10032 W"!'f 9981 100'11 999'9 99"7b

Steno Gletscher (Iower part) Pro/ile 106 - Rømer Fjord - Steno Gletscher (middle

Formation OF OF OF GF GF OF OF RFF RFF RFF RFF RFF SF SF
Type l-Ti l-Ti l-Ti l-Ti l-Ti h-Ti m-Ti I ol-th h-Ti Ti-th u ol-th u ol-th m-h-Ti m-h-Ti
Height m 341 361 430 448 465 526 614 871 914 939 971 992 1016 1040
OGU No. 215512 215513 215515 215516 215517 215518 215519 215526 215527 215528 215529 215530 215532 215533

Si0, 4823 4881 4747 4841 48·66 4779 4851 4570 4552 4681 46·89 4599 4778 47·87
TiO- 2'03 2·29 2·23 229 208 289 255 2·09 2-90 3·71 257 2·65 246 2·42
AI,6, 1371 13·17 1390 13-39 1370 1276 1305 13-86 1378 13-39 14·00 13·55 1622 1453
Fep, 4·59 546 680 487 429 758 432 416 5·16 573 2·64 325 514 5·06
FeO 822 8·91 6·14 8·46 8·45 802 978 765 795 902 9·34 8·95 662 816
MnO 0'20 024 018 020 0·20 028 0·22 017 018 021 018 0·18 017 019
MgO 731 630 6'54 670 712 5·86 . 613 7·69 632 5·84 755 H5 581 5·91
CaD 1155 10·82 11·83 1147 11·41 1072 11·39 1153 10·92 10·74 1137 1155 1155 11·65

N'(? 230 2·51 2·34 235 238 2·44 245 233 208 2·69 2-41 218 258 2·55
K, 034 035 014 020 034 035 030 019 026 041 031 020 030 0·18
P;O, 018 023 021 021 019 0·28 025 016 026 038 026 026 025 021
I.o.i. 142 086 2-15 142 117 118 1·11 4·51 4·69 110 254 340 116 159

10008 9995 9993 '§9:97 '9rn" TIllrIT TIlli1lb 100·04 !OO02 10003 10006 9961 10004 100·32

part) Pro/ile 108 - Kap Dalton valley Pro/ile 111 - cape at

Formalion SF RFF RFF RFF RFF RFF RFF RFF RFF SF SF SF SF
Type m-h-Ti lol-th lol-th lol-th lol-th Ti-th u ol-th uol-th u ol·th m-h-Ti l-Ti l-Ti m-h-Ti
Height m 1081 462 491 495 515 537 557 583 596 619 234 245 272
GGU No. 215534 215561 215562 2155M 715565 215566 215567 215568 215569 215570 215600 215601 215602

SiO, 48·22 45·55 45-47 45·90 45·28 45·62 45·65 45·28 45-81 47·16 48·94 4870 48·38
TiO~ 246 2·47 2·28 2·31 2·16 3·70 2'40 2·74 2·89 2·75 197 208 2·66
AI,O, 1430 14·19 14·00 1375 13·88 13-32 1365 14·61 13'66 1460 1406 1392 13·48
Fe,O] 4·73 457 700 6·30 3·98 7·72 5·17 7·63 4-34 5·72 574 817 7·03
FeO 790 8·40 586 6·53 816 H3 6·74 5·17 8·48 7'55 7·05 508 7·81
MnO 018 019 0·17 0·19 0·19 0·22 0'17 . 019 0·19 020 020 020 022
MgO 651 682 7·23 7·88 7·84 5·99 H7 6·35 7·17 6·85 676 705 6·02
CaD 1179 10·88 11·39 11·21 11·60 10·69 11'61 10·40 10·39 10·94 1144 1163 1057
Na,O 255 2·00 1·93 1·81 173 223 1·92 2·15 2·72 260 231 219 243
K,O 026 032 015 0·42 016 0·15 0·22 0·31 0·38 036 026 017 029
p;O, 022 0·22 0·21 0·19 0·19 0·38 0·24 028 0·30 0·28 016 018 025
l.o.i. 1·19 --m 428 ....lM ~ ~ 471 .....lQZ ......4:lll -W 132 097 117

iOOTi 100·43 99·97 9993 10001 100·10 9995 10017 10044 100·65 10021 10034 mm

Kap Dalton Pro/ile 112 - head o/ Kap Dalton valley

Formation SF SF SF SF SF SF SF SF SF SF SF SF SF SF
Type m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti l-m-Ti m-h-Ti m-h-Ti l-Ti l-Ti h-Si
Height m 295 315 353 380 390 407 933 1004 1030 1047 1074 1087 1100 1155
GGU No. 215603 215604 215605 215606 215607 215608 215615 215617 215618 215619 215620 215621 215622 215623

SiO, 4841 4813 4805 4776 4720 48·93 4752 4720 4769 4802 4776 4813 4909 5076
TiO-, 2,55 297 322 3-32 328 2·66 281 231 229 247 265 186 182 195
AI,å, 1356 1329 13·08 1307 1318 14·00 1338 1416 1478 1475 1418 1506 1552 1479
Fep, 6·64 497 402 569 710 492 612 463 6-30 882 465 480 7·17 499
FeO 801 886 1031 878 725 873 833 863 654 448 816 667 425 620
MnO 024 024 022 022 0·23 023 023 022 0·18 0-l7 020 019 017 018
MgO 615 626 599 5·83 616 565 632 714 667 568 698 662 658 631
CaD 1065 1091 1083 1082 11·02 1066 1096 1138 11·62 11·06 1069 1224 1108 1100
Na,O 240 2·36 243 242 229 248 229 203 2·15 249 211 248 242 239
K,O 033 041 035 042 016 038 033 023 024 0·20 062 025 037 041
p;O, 021 029 032 032 032 026 025 019 0·18 0·21 023 018 0·16 017
1.0.L 121 1-34

~
165 2Q2 138 150 189 J·42 154 1·97 184 142 082

10036 10003 100· I 10030 10026 10028 10004 10001 10006 9989 10020 10032 100·05 9997
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Formation SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF
Type l-Ti I-m-Ti m-h-Ti l-Ti l-Ti l-Ti l-Ti l-Ti l-Ti l-Ti m-h-Ti m-h·Ti m-h-Ti m-h-Ti l-Ti
Height m 1191 1245 1261 1351 1370 1378 1390 1400 1411 1436 1450 1479 1493 1525 1535
GGU No. 215624 215625 215626 215627 215628 215629 215630 215631 215632 215633 215634 215635 215636 215637 215639

SiO, 4912 48·16 49·14 4828 4852 48·62 48·77 4789 4856 4809 4843 4863 4859 4816 4886
TiO 185 230 289 200 203 217 178 183 1·86 190 255 276 270 288 208
AI,O] 14·79 1440 1372 1469 1471 1429 1560 1580 1470 1487 1353 1337 1337 1303 1367
Fe,o; 590 841 606 6·19 5·93 555 550 816 741 705 853 693 698 876 473
FeO 625 516 766 678 714 7·93 701 478 577 5·88 5·73 787 791 676 825
MnO 020 018 020 019 020 023 020 018 018 019 019 0·22 023 020 020
MgO 660 632 601 655 658 621 591 585 678 684 640 6·07 5·99 575 7-31
CaO 11·57 1105 10)7 1127 1l·38 1139 11·74 1162 1158 1173 1085 10·74 1054 1043 1093
Na,O 225 231 2·35 226 226 221 225 236 212 207 2·21 2·26 229 2-39 203
K,O 033 031 042 019 011 0·12 012 026 020 016 0·40 0·18 032 020 0·64p;o, 0·16 021 0·27 017 0·18 019 0·16 016 015 0·)7 021 025 024 025 017
l.oj. 083 1·27 ~ 150 149 099 1·04 1·11 1·07 137 113 1·02 1·32 1·40 1·58

W85 10008 99·96 10007 10053 9990 10008 i'liirnl mm 10032 10016 100·30 10048 100·21 10045

Profile 117 - Pyramiden

Formation SF SF RFF RFF RFF RFF RFF RFF RFF RFF SF SF SF SF
Type m-h-Ti m-h-Ti Ti-th h-Ti Ti-th Ti-th Ti·th h-Ti h-Ti m-Ti m-h-Ti m-h-Ti 1-m-Ti m-h-Ti
Height m 1584 1605 971 975 982 1021 1049 1097 1136 1156 1177 1301 1341 1352
GGU No. 215640 215641 215728 215729 215730 215731 215732 215734 215736 215737 215738 215739 215740 215796

SiO, 48·57 4788 46·69 4753 46·27 46·61 4669 47·45 46·28 4H7 47-08 47·33 47'16 4665
TiO' 258 328 3·56 324 3-49 371 3·72 H8 3·05 2·62 2·42 2·22 2·18 2·28
AI,O, 1323 13·40 12·54 14·55 13-04 IH5 14·09 15-19 14·33 13·36 14·15 14·48 14·42 14·41
Fe,O, 933 461 6·88 635 7·63 4-00 5·39 5·36 6·22 5·71 4·85 5·88 6·22 6·35
FeO 560 999 8·19 710 727 10·77 8·87 8·13 7-09 8·42 7-88 688 7·09 732
MnO 027 0·22 0·22 0·20 022 0·22 0·22 0·19 0·20 0·22 019 0·20 0·21 0·22
MgO 614 572 6·61 5·56 6·25 615 528 5·68 6·20 639 6·43 649 6·52 637
CaO 1054 1054 10·56 10·85 10·56 1038 10·47 10·61 10·97 lUl8 11·64 11·70 11·53 11·47
Na

6
0 242 240 2·18 2·48 2·38 2-81 275 2-42 2-61 257 2·57 2·47 HI 224

K, 0·37 042 0·13 0·15 017 0·41 0·27 0·40 0·27 023 0·27 0·11 013 Ollp;o, 0·24 032 0·34 0·33 033 039 0·38 0·34 0·31 0·26 024 0·21 021 023
I.o.i. 077 137 292 2044 Hl 1-30 2·49 138 2·50 2·18 2·09 2,44 2·70 2-28

10006 IOOTI 100·82 100-77 ii'iirn 100·09 100·62 100·31 10002 10022 99·81 10042 100·79 99·92

Formation SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF
Type m·h·Ti m-h-Ti m-h·Ti mob-Ti m-h-Ti l-Ti l-Ti l-Ti I-Ti l-Ti I-m-Ti l-Ti l-Ti l-Ti l-Ti
Heightm 1370 1401 1410 1429 1460 1466 1508 1516 1534 1548 1556 1596 1617 1671 1722
GGUNo. 215797 215798 215799 215800 215801 215802 215803 215804 215805 215807 215808 215809 215810 215811 215813

SiO, 47.()8 4653 46·64 4677 46·71 47·31 46·90 4720 4729 47-22 47·35 48-04 48·54 4831 48·28
TiO 2·60 2·79 2-91 266 2·49 197 1·87 1·77 2·09 1·98 2·29 2-17 2.()3 1·87 1·72
AI,a, 13·48 13·66 14.()1 13-<l6 1431 14·30 14·80 14·84 13·89 14·64 13·71 14·46 14·74 14·88 15·75
Fe,o, 5·62 5·67 553 5·82 658 5-15 5-25 527 5·62 5·46 538 467 4,55 422 6·03
FeO 831 8·72 8·81 8·86 HO 7·00 6·58 6·11 6·95 672 8·59 8·69 8·43 8·31 6·52
MnO 0·22 022 0·20 0·22 0·21 0·18 0·18 0·20 0·19 018 0·22 021 0·20 020 0·19
MgO 634 6·05 619 6·57 613 H2 718 6·78 718 6·87 6·80 6·02 640 6·56 6·35
CaO ll-05 10·91 10·93 10·95 ll-15 11·37 11-00 10·59 11·52 1164 11·16 10·96 11·30 1137 11·51
N:?,O 2·31 2-41 226 2-23 2·27 2{)2 2·24 258 208 2·09 2·06 2·15 2·15 2·09 2·09
K, 0·23 0·15 0·13 015 0·13 0·29 0·36 0·17 0·)7 0·14 0·19 0·17 0·23 021 0·13
P,O, 0·26 0·28 0·27 0·26 0·24 0·19 018 0·18 0·20 0·19 0·23 022 0·20 0·19 0·17
l.o.i. 2-41 253 2-30 235 2·81 301 HO 404 2·47 2·63 1·86 2·01 ~ 1·63 173

99·90 9992 10018 §9-90 100·13 99·91 9984 wn 99·64 99·74 99·83 99·76 100·12 9983 100·47

Profile 126 - Bopladsdalen, bottom o/profile Pro/ile 129 - Kastellet

Formation SF MF? MF? MLF MLF GF GF SF/IF SF/IF SF/IF SF/IF
Type l-Ti m·Ti m-Ti b-Ti m-Ti h·Ti h-Ti I·Ti m·Ti m-Ti l-Ti
Height m 1746 76 115 128 155 235 292 lavas inelined 5-100

GGU No. 215814 215882 215883 215884 215885 215887 215888 83944 83945 83946 83947

SiO, 4858 4792 47·49 47·79 49·54 48·12 48·73 48·27 49·35 49·17 4883
TiO 2·03 2·38 2-31 331 258 315 284 210 261 2·68 2·09
AI,a, 14·34 13-50 13·52 1365 1416 1315 13·59 13·75 13·20 13·07 14·14
Fe,O, 3·78 440 5·47 6·69 5·50 553 3·67 5·30 5-31 443 4·72
FeO 9·37 7·79 6·96 745 595 9·44 1047 8·17 9·78 1071 893
MnO 0·20 0·18 017 0·19 0·15 025 020 0·20 022 0·24 0·20
MgO 6·97 7-70 696 5-78 5·90 6·19 6·32 6·99 6·14 6·04 6·84
CaO 11·10 1097 11·83 10·46 11·15 10·24 10·52 1133 10·28 1049 11·22
N:?,O 2·24 208 204 2·23 2·24 237 2·49 224 236 2·43 2-25
K, 028 0·07 0·09 011 0·18 041 0·30 020 0·39 022 0·10
P,O, 0·20 0·21 0·20 0·32 0·25 030 0·25 0·19 023 025 0·18
l.o.i. 142 .-m 314 --lll! ~ ~. 0·96 150 090 ~ 1·03

10052 10012 100·18 10018 100·12 100m 100·34 10024 10077 10057 100·53
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In/and tho/eiitic dykes

Mi/neLand

GGUNo. 96691 96812 96828 96831 195601 195602 195603 195604 195605 195606 195607 195608 195609 234001 234002

SiD 4785 4846 48·42 48·24 48·41 4842 4839 4864 48·69 48-51 48·42 48·37 48·51 4822 48·03
Tia' 2·50 228 254 250 2028 2025 2·27 2028 2·08 2-30 2·35 2025 254 2-32 2-32
AI,O, 13-37 13-91 1337 1351 13·76 1388 14·09 1396 14·25 13·79 13·73 13-92 1348 1H5 14·15
Fe,O, 3·80 422 354 6-03 2-49 269 3·20 264 3'02 2·71 2-48 4-33 2·69 2-63 3·51
FeO 948 851 10-23 7-76 10-24 9-93 9-43 984 9-60 1011 10-31 8-80 11-01 10-40 9-23
MnO 0·20 019 0-21 0-22 0-20 019 0-19 0-19 0·20 0·19 0·20 0·19 021 020 0·20
MgO 597 687 6·14 5·98 6-95 6-99 6-74 686 7·31 7-03 674 6·92 6·24 688 5·85
CaD 11·39 1180 1143 11·24 11·57 11·68 11-66 1165 1161 1146 11-52 11-45 11·28 1141 11·48
Nap 253 226 2-61 2·38 2·40 2-38 2-37 2·45 239 240 2-45 2-36 2·54 2·42 2·41
K,O 0·21 0-22 0-18 0-40 030 029 030 031 028 0·31 0·31 0-30 025 033 0-27
P,O, 023 022 024 0·24 0-22 O-lO 0-21 0·21 0-20 0-22 0-22 021 024 022 0-22
I.a.i. .Ml! 0-77 1-07 117 ~ 096 1·48 0·70 0·88 0·92 1·10 109 ...QM ....!lU 1·55

9841 9971 9998 99·67 99-63 9986 TIiffi 9973 10051 99·95 99-83 100-19 99·85 9981 9922

Jameson Land Gåse/and

GGUNo 234243 234244 137563 96929 96930 96931 98842 104135 104136 167115 167131 167229 167250

SiO, 48-01 4813 48-59 48·66 4866 4813 48-48 48-57 48·94 4826 4826 4717 4737
TiO, 231 235 232 233 209 3·04 240 2-42 201 292 285 2·53 248
AI,O, 1363 1398 1403 13·55 1392 14·51 1360 13·43 1373 1338 1335 1473 1332
Fe,O, 283 2·77 3·30 358 4·03 6-20 4·96 4·71 279 3-61 2·78 465 318
FeO 1001 9·35 10.()4 961 8·54 8·17 812 855 9·55 1017 10-75 8-05 10-38
MnO 0·20 0·20 020 020 019 020 000 020 019 0·20 000 019 0-21
MgO 6·91 6·51 640 675 710 4-29 6·66 6-45 7-06 627 6·61 6-10 618
CaO 1147 1188 1143 1165 11-93 1076 10·81 1165 11-76 1094 1114 11-36 11·13

N~O 2-42 2-44 2·20 2025 2·32 2·52 230 246 2-31 2-38 2·42 2-53 2-58
K, 030 030 0'30 O-3D 0-28 041 0-27 0·22 0·30 0·38 0·37 045 032
P,O, 0·22 0·22 022 0-21 0·18 0·28 024 023 0·19 0·28 0·25 026 023
l.aj. .JJ:l!l. 1·24 ~ 0·84 0-91 133 1-99 H16 0-88 118 142 145 0·79

9910 9937 100·49 99-93 100·15 99·84 99·84 99-95 9iT'i1 ~ iOOi9 99·47 98-17

South of Gåsefjord and Scoresby Sund Inland alkaline dykes (Gåseland and south of

GGVNa. 96505 96528 98451 98520 98609 98679 98746 98890 98770A 98770C 96921 167106 167123 167124

SiO, 48-16 47-30 48-29 48·57 47-53 47-48 47-37 46·90 59·12 49·27 4198 43-09 44-08 44·21
TiO 214 2-83 2·82 2·50 4·25 4·30 2·15 4·43 0·52 1·97 Hl 4·91 4-70 5-37
AI,O, 1382 13·78 13·71 13·58 12·43 1249 1463 12·13 1832 13-74 13-63 IH1 1362 14·40
Fe,O, 493 3-91 4-67 2-97 523 6·57 521 3·12 234 4·58 6·84 5·87 648 647
FeO 814 994 922 10-67 1018 8-82 7-14 12·65 118 4-14 8·25 7-96 7-39 6-63
MnO na 0·21 0·19 0·21 na na na na na 025 na 0·18 019 0·16
MgO 605 6-47 5-68 6-25 532 5·09 6-79 5·51 113 3-26 6·89 532 506 495
CaO 11·99 10·92 10·61 11·51 9·82 9-70 1177 9·68 2020 8·71 8-86 9-82 9·89 1037

N~O 2-35 248 2-40 2·43 257 2·58 2028 2·37 615 467 255 3·23 H6 HO
K, 030 036 027 0-17 0·72 0·86 0-31 0·77 3·80 3-12 0-63 0·72 085 075
P,O, 0-21 0-28 0-27 0·24 0·50 O-50 018 O-51 0-28 075 067 092 1·14 0·57
l.aj. 1·54 101 163 0·97 1·09 l-52 1-82 141 ~ 430 3·88 3-25 9tH 1·85

9963 9949 9976 100-07 99-64 9991 99·64 99·48 98·63 98·76 9929 9898 99· 5 9ffi

Gåsefjord)

GGUNo. 98768 98778 104144 167116

SiO, 4190 42-01 37·65 35·51
TiO, 3-41 3·53 4·14 3-93
Alp, 7-78 9-47 8-10 7·38
Fe,O, 6-09 7·55 8·81 6·37
FeO 6-42 514 6·22 8·69
MnO na na na na
MgO 1274 7-78 10·12 10-60
CaD 10·71 12·99 1590 1417
Nap 2·80 H5 099 2-47
K,O 217 200 084 239
P,O, 053 095 1-14 1-35
l.o.i. 4·81 4·51 516 4-84

9937 99-09 9907 9769
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eoastal dykes
Manby Rømer Fjord region Kap Dalton region

GGU No. 215418 98341 98342 116389 116390 215401 215439 215440 215447 215474 215506 215507 215514 116353 116359

SiO, 47·97 4874 4715 4886 45-80 4882 48-34 48·75 48·61 48·58 4871 48·50 48·13 4928 4972
TiO, 301 2·60 2·71 2·44 1·56 181 2-17 245 1·92 2-43 1·84 1·73 2-DI 2·15 2·71
AI,O, 1270 13-14 12·60 1312 1347 1367 13·51 13-43 13·88 1318 13-76 14·57 14.()4 14·58 12'86
Fe,O, 5·54 669 8·16 4·35 3-25 542 5·23 . 452 5-D7 4·75 492 4·56 6·83 4·63 5·58
FeO 9·13 8·44 7·67 999 7·93 7-61 8·16 893 7·33 9·01 7·60 7·65 6·23 793 8·76
MnO 0·24 na na 0·23 0·18 0'21 021 0·21 0·19 0·22 0·21 019 020 0·19 022
MgO 5·79 4·75 5-31 5·83 6·71 6·78 655 642 6·99 614 7·13 7·02 644 5·69 H2
CaD 10·46 10·18 1073 10·61 13-16 11·65 1118 11·12 11·80 10·89 \2·18 12·23 11·26 10'62 9·30
Na,O 249 273 2·40 234 110 2·21 247 2·47 254 245 215 223 247 2·76 2·93
K,O 0·55 049 0·37 044 024 0'32 0-34 037 0·32 0·44 0·23 026 0-31 0·67 0·44
P,O, 034 0·27 0·27 027 0·16 019 022 0·26 0·20 026 019 0·\7 0·20 0·27 0·36
Lo.i. ~ 1·82 .n2 ~

6·14 1·66 Jn 1·23 -...lÆ/. ....ua. -l:.!Q --lM 2·13 -.l.M ~
100·00 99·83 9976 100'0 99·70 100·35 10020 100'16 10034 100·13 100·02 10045 10025 100·21 99·79

Kap Dalton region

GGUNo 116360 116372 179222 179223 179224 179225 179226 179227 179228 215535 215544 215558 215577 215578 215579

SiO, 48·13 48·41 48·51 4851 4845 4904 47·90 48·48 4867 48·44 4841 48·11 49·14 4778 4744
TiO, 2·10 1·84 2·12 B9 207 2·03 1·65 241 241 300 2·26 3·04 2-38 1'59 Hl9
Alp, 1343 14·23 14·63 12-89 13·43 1350 1413 13'66 13-18 12·77 1362 1244 12·95 15·45 12·91
Fe,O, 6'00 4·96 4·22 5·20 3·74 3'64 4·49 5·03 4·84 4·97 4·89 754 476 4·79 719
FeO 779 8·04 8·36 9·31 10·02 899 7-89 9·42 9·85 989 864 821 9·30 6:61 7·84
MnO 0·21 0·20 0·19 0·22 022 0·20 020 0'22 023 0·23 022 023 0·22 0·18 023
MgO 6·50 6·12 5·84 5·92 6'29 5·41 6·54 5·52 587 5·43 6·37 4·99 556 6·67 5·41
CaD 1118 11·71 11'51 10·83 11,52 9·39 11·71 10·66 10·64 10·30 11·10 9-31 9·32 \2·56 9·57

N~O 2·38 2·33 2·47 2·34 237 3·02 2-28 2-50 244 2·69 2-62 258 367 2-20 269
K, 026 0·20 0·47 0·24 0'30 1-41 0·16 0·38 042 0·58 0·41 0·73 0·56 022 080
P,Os 0·22 018 0·22 0·27 0'20 022 0·\7 0·26 0·26 0·35 025 0·37 026 0·15 045
Lo.i. ....!:2§. 161 --!21 HI 1·73 ~ -1M 1·69 172 --..l§ 1·56 -l21 -l:2Q --l:QQ --ill

100'18 99·83 10011 10023 10034 100,19 100·56 10023 100·53 100·13 100·35 100·12 100·02 100·20 10000

Kap Dalton region

GGU No. 215580 215581 215590 215595 215596 215597 215610 215611 215612 215613 215614 215616 215638 215642 215643

SiO, 48·27 48·75 49·13 46·87 4802 48·55 48·12 48·74 48·87 49·42 49·04 47·87 47-36 48·55 48·69
TiO, 261 2·61 2·92 3·02 1·94 2·45 172 1·99 248 271 1·55 3-46 3·90 BO 1·54
AI,O, 13·77 13·40 1283 1286 1379 13·05 1427 13·69 1306 12·75 17-20 12·66 11·96 15·36 15-D6
Fe,O, 6·07 5·46 6·06 6·99 5·67 457 379 3-34 5-25 4·98 3-31 4·34 4·60 2·95 3-35
FeO 7·88 800 8·54 8·30 7-27 9·94 8·00 9·51 931 9·33 6·98 10·67 12-43 868 7·82
MnO 0·23 020 0·23 024 0·20 023 0·19 0·21 0·23 023 016 023 025 018 018
MgO 524 5·15 4·91 533 681 632 7·37 6'89 5·49 5·21 5·46 559 5·10 6·08 664

·CaO 10'10 8-36 9·14 9·58 11·68 10·76 12·11 11·74 974 8·22 12-37 1027 \0·18 11-68 12·60

N~O 273 3·88 2·98 297 2·35 2·48 227 2·39 2·77 3·36 2·29 2·58 2·53 2·46 2'04
K, 045 1·07 0·71 0·71 0·28 040 0·25 0·33 046 1-D5 0·41 0·62 0·48 0·50 010
P,Os 0·32 0·33 0·39 0·36 019 0·27 0·\7 0'21 0·32 0·35 015 0·41 0·39 025 0·15
Lo.i. -.lli 272

~ ~ 2·47 lSI 1·44 1'16 .J.l! ...lll 132 1·26 0·80 1·23 1·88
10032 99·93 9 ·83 9989 iOO67 100·53 99·70 100·20 9969 9974 iOO24 9996 99·98 10022 100-D5

Kap Dalton region Knighton Bugt

GGU No. 215644 215645 215646 215647 229160

SiO, 4823 48·50 48·76 4715 48'40
TiO, 234 204 2'36 215 225
AI,O, 1362 1343 13-11 n20 13·60
Fe,O, 4·14 5·07 4-D3 3·63 3-43
FeO 9·25 8·62 1037 997 10·12
MnO 021 0·22 023 0·21 021
MgO 6·41 636 6·11 6·18 6·32
CaD IH9 11·\0 1108 \0·56 11·31
Na,O 2·38 2-42 245 2·59 2·53
Kp 0·38 024 0·37 049 039
P,Os 0·26 0·21 023 0·22 023
Lo.i. 1·73 2·04 118 H2

~100·14 100·25 100·28 9957
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APPENDIX 3

Trace element analyses o/ the Scoresby Sund basalts
Abbreviations for formations and types as in appendix 2.

Ldyke inland dykes e.dyke eoastal dykes

Mg-rich basalts

Formation MLF MLF MLF MLF RFF RFF RFF RFF RFF RFF RFF RFF RFF RFF MLF MLF
GGUNo. 96487 96205 96325 96110 98549 98550 98392 98393 215464 98871 98544 98387 215529 215484 96882 96913
Type Mikis Mikis Mikis Mikis MORB MORB MORB MORB ol-thai ol-thai ol-thai al-thol ol-thai ol-thai Hjørn Hjørn

Mg ratio 0.655 0.654 0.647 0.605 0.651 0.628 0.524 0.522 0.633 0.608 0.609 0.600 0.566 0.553 0.602 0.595

Cr 774 704 678 567 428 367 144 154 579 501 461 422 383 320 486 413
Ni 388 386 368 279 196 173 76 79 223 201 191 170 142 152 226 208
Se 29 30 28 30 32 34 38 38 29 30 24 27 29 24 32 24
V 329 '312 288 307 238 257 346 277 280 313 283 285 289 270 327 297
Cu 144 151 208 153 120 126 175 199 113 137 117 124 186 176 195 184
Zn 107 108 102 102 87 85 91 74 88 85 102 77 92 89 106 93
Ba 108 119 54 115 54 51 49 44 73 78 106 93 81 68 90 82
Sr 224 224 223 255 156 160 191 198 285 293 318 283 275 278 268 280
Rb 3.3 4.7 5.2 1.8 0.0 2.9 <0.5 2.3 1.7 1.8 2.8 1.0 4.0 1.9 3.8 5.5
Y 27 27 30 33 17 18 27 26 20 22 23 24 30 31 27 27
Zr 149 152 161 176 48 56 97 91 101 116 114 125 162 173 144 144
Nb 11.1 11.3 11.8 13.2 3.9 4.3 6.9 7.2 10.2 11.2 12.4 13.0 16.8 18.4 10.5 11.4

Main basalts and high-Si basalts

Formation MF MF MF MF MF MF MF MLF MLF MLF MLF MLF MLF MLF MLF
GGUNa. 98590 98587 98641 98758 96928 98761 98788 98844 98571 98839 96403 98670 98592 98600 98838
Type med-Ti med-Ti med-Ti med-Ti high-Si high-Si high-Si med-Ti med-Ti high-Ti high-Ti high-Ti Ti-thai Ti-thol high-Si

Mg ratio 0.558 0.547 0.543 0.535 0.599 0.576 0.540 0.542 0.508 0.534 0.520 0.504 0.460 0.428 0.537

Cr 353 313 358 365 456 390 922 297 153 300 315 214 168 195 296
Ni 126 117 130 109 135 119 217 III 80 155 146 96 93 81 121
Se 35 34 33 34 33 29 31 32 38 30 29 39 36 39 29
V 363 362 349 362 311 287 293 322 416 356 394 405 477 507 394
Cu 140 194 175 183 157 145 141 190 174 297 281 271 286 333 266
Zn 120 99 108 98 94 102 94 93 101 96 97 107 130 133 109
Ba 88 52 79 88 189 203 199 101 74 86 90 81 117 120 182
Sr 257 260 260 253 227 238 219 268 252 285 280 245 284 254 259
Rb 1.4 <0.5 4.2 2.9 18 10.5 15 1.8 U 2.3 4.5 5.5 4.4 16 13
Y 29 30 29 32 26 24 23 31 32 37 38 31 45 55 38
Zr 148 155 149 160 158 138 136 161 155 204 212 159 241 278 224
Nb 9.7 10.7 9.8 10.4 10.2 7.7 7.6 11.1 12.9 15.7 16.3 13.0 17.5 21.1 16.1

Formation GF GF GF GF GF 'GF GF GF GF GF GF GF GF GF GF GF GF
GGUNa. 98572 98511 98512 98513 98516 98464 98465 98467 98468 98470 98471 98472 98473 98476 98478 98479 98480
Type Ti-thai Ti-thai high-Ti high-Ti high-Tihigh-Ti high-Ti med-Ti med·Ti med-Ti med-Ti med-Ti med-Ti med-Ti med·Ti med-Ti med-Ti

Mg ratio 0.480 0.482 0.513 0.513 0.480 0.481 0.466 0.513 0.523 0.530 0.521 0.522 0.505 0.496 0.519 0.512 0.525

Cr 172 162 196 196 199 171 164 253 262 247 234 229 97 103 223 224 216
Ni 89 85 102 106 102 90 93 109 119 107 105 93 81 82 88 88 95
Se 35 35 33 35 34 37 38 38 37 33 36 40 37 36 37 39 39
V 444 419 402 412 419 416 427 383 389 355 393 365 406 411 425 431 407
Cu 297 258 197 219 249 257 292 229 239 268 218 163 226 218 217 232 222
Zn 111 110 107 125 124 112 118 106 116 111 100 108 104 110 97 114 103
Ba 123 123 54 74 51 85 109 85 99 73 82 97 65 56 78 69 98
Sr 293 295 261 274 261 239 236 230 231 237 223 264 247 243 237 236 236
Rb 7.2 8.8 2.8 1.4 18 10 3.5 1.3 1.4 0.7 1.8 14 0.9 <0.5 0.9 1.9 1.4
Y 37 38 33 32 34 35 36 31 32 31 30 31 32 30 30 31 29
Zr 226 226 168 173 177 175 183 148 151 148 137 144 151 48 145 147 141
Nb 2U 21.4 15.0 15.0 16.0 16.3 16.6 14.2 13.7 13.0 12.4 13.1 13.7 13.8 13.6 13.4 12.4
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Formation OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF
OOUNo. 98481 98483 98484 98488 98489 98490 98492 98493 98494 98496 98497 98498 98500 98501 98536
Type med-Ti med-Ti med-Ti med-Ti med-Ti med-Ti low-Ti low-Ti low-Ti low-Ti low-Ti low-Ti med-Ti med-Ti low-Ti

Mg ratio 0.550 0.543 0.526 0.523 0.503 0.534 0.542 0.510 0.535 0.530 0.536 0.547 0.521 0.542 0.527

Cr 316 215 254 236 136 262 213 91 222 219 246 295 146 286 143
Ni 120 110 106 100 96 109 104 86 91 84 104 115 86 116 92
Se 38 38 39 38 33 39 39 38 40 40 39 37 37 35 36
V 375 372 397 401 374 384 359 367 381 369 367 362 399 343 333
Cu 169 209 222 239 259 227 234 173 198 141 217 226 195 230 207
Zn 91 98 96 96 114 107 108 106 88 89 104 99 104 99 112
Ba 78 69 88 79 88 67 73 72 61 66 84 91 90 81 77
Sr 234 240 259 229 216 192 201 206 198 224 202 215 218 231 212
Rb 5.6 7.4 12 11 5.5 1.0 2.0 1.7 1.7 3.9 5.9 2.9 5.6 7.0 4.7
Y 28 28 29 30 33 30 31 32 29 30 26 28 31 30 28
Zr 125 127 135 139 152 137 130 135 125 123 118 121 141 139 119
Nb 12.0 12.2 12.1 12.9 13.3 11.9 11.6 11.2 10.8 10.7 10.7 10.5 12.8 12.8 10.8

Formation RFF RFF RFF RFF SF SF SF SF SF SF SF SF SF SF SF SF
OOUNo. 215465 98873 215459 98547 215620 215617 215495 215486 98878 215633 215496 215501 215625 215629 215639 98286
Type high-Ti high-Ti Ti-thol Ti-thol m-h-Ti m-h-Ti m-h-Ti m-h-Ti Ti-thol low-Ti low-Ti low-Ti l-m-Ti low-Ti low-Ti m-h-Ti

Mg ratio 0.527 0.495 0.504 0.448 0.533 0.530 0.518 0.479 0.458 0.531 0.525 0.517 0.501 0.493 0.542 0.475

er 214 153 235 119 245 114 262 138 88 211 136 155 169 187 167 77
Ni 141 120 112 76 110 97 139 72 70 92 109 93 92 87 85 60
Se 25 30 25 33 38 40 32 33 33 44 31 35 44 41 40 40
v 308 365 352 415 39 42 32 427 497 373 337 362 419 424 413 435
Cu 219 214 250 363 205 189 234 284 323 179 181 182 229 233 212 286
Zn 104 105 104 126 97 99 102 96 123 91 92 88 109 98 90 109
Ba 79 102 472 128 198 63 71 100 82 60 73 59 83 54 101 84
Sr 458 295 328 276 300 214 247 295 305 200 275 182 206 197 229 201
Rb 2.7 2.7 20 9.0 12.8 1.9 4.4 6.3 <0.5 2.9 1.7 4.2 6.3 3.2 7.9 4.7
Y 32 29 35 41 28 26 31 34 41 25 25 27 29 27 26 33
Zr 168 177 218 233 156 130 147 176 216 112 132 103 141 131 122 141
Nb 17.7 16.8 24.7 25.5 12.8 9.8 11.8 15.7 20.2 8.6 11.2 8.5 11.6 9.0 8.4 12.8

Formation SF SF SF SF SF IF IF IF IF IF IF IF IF
OOUNo. 215605 215608 215606 215641 98561 II6379 116382 116344 116340 116349 116345 116347 116343
Type m-h-Ti m-h-Ti m-h-Ti m-h-Ti high-Si low-Ti low-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti

Mg ratio 0.465 0.465 0.459 0.450 0.539 0.517 0.503 0.485 0.468 0.466 0.465 0.444 0.398

Cr 129 85 145 120 244 90 89 120 127 76 41 35 35
Ni 71 57 79 65 88 78 70 69 67 50 37 36 33
Se 35 36 35 32 34 34 37 36 36 39 41 38 34
V 437 399 414 355 325 312 382 366 411 445 465 488 430
Cu 237 215 208 288 195 214 174 260 177 225 255 306 256
Zn 114 102 112 109 102 77 89 97 95 95 97 121 113
Ba 116 130 112 119 131 70 124 136 200 103 75 156 219
Sr 274 273 278 266 191 236 258 214 328 243 187 268 261
Rb 1.4 5.3 5.7 IO 9.4 0.6 5.7 11 8.2 1.3 1.2 2.0 4.0
Y 33 31 34 38 26 31 33 46 33 37 40 47 48
Zr 205 178 215 195 118 117 133 190 179 189 138 231 267
Nb 18.1 14.2 20 18.4 9.1 8.6 17.5 20.2 23 20.0 13.3 26.6 31.3

Formation Ldyke i.dyke Ldyke i.dyke Ldyke e.dyke e.dyke e.dyke e.dyke e.dyke e.dyke Arehaean
OGU No. 96930 96812 96828 167115 98890 215507 215439 215580 215579 215590 98341 133158
Type low-Ti med-Ti med-Ti high-Ti Ti-thol low-Ti low-Ti m-h-Ti m-h-Ti m-h-Ti m-h-Ti gneiss

Mg ratio 0.541 0.530 0.481 0.486 0.419 0.547 0.507 0.443 0.433 0.415 0.400

Cr 175 304 168 162 143 194 68 21 62 43 50 36
Ni 99 126 80 85 77 75 66 39 49 35 35 16
Se 32 39 35 31 38 33 32 27 29 32 44 3.9
V 337 382 389 396 499 312 355 336 343 379 454 38
Cu 226 249 284 269 407 187 213 180 202 329 222 48
Zn 87 101 115 115 175 79 82 89 124 137 132 28
Ba 75 98 64 98 183 72 89 137 155 193 107 291
Sr 247 225 216 287 297 202 199 277 292 221 199 279
Rb 4.4 5.5 2.9 7.2 15 5.2 7.4 5.7 19 17 9.0 32
Y 26 30 35 32 49 32 38 38 49 55 45 6.4
Zr 121 142 153 172 311 112 147 190 218 250 179 138
Nb 11.1 13.2 14.4 14.5 37.9 12.1 14.9 26.9 26.2 30.9 19.4 3.7
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Plate 1

Cross sections through tbe Scoresby Sund basalts

Plate 2

Compositional stratigraphy of the Scoresby Sund basalts

The analysed profiles were projected onto a NW-SE line approximately perpendicular to
the strike of the lavas and the direction of the coast, see index figure in upper left corner.
Thus, the abscissa is given as distance from the coast as measured on the projection line.
Profiles from which only single analyses exist are not shown, profile 76 has been omitted due
to lack of space, and profiles 77-78 (Gronau Nunatakker) have been omiued due to their
large projection distances. Each analysed sample is shown as a dot to the right of the
coloumn, and it should thus be possibie to locate the position of the analyses in the appendix.
Profile numbers are shown above the abscissa.

In the Milne Land Formation, some profiles are shown from which no analyses exist. In
these, the correlation has been done petrographically.

For the Magga Dan and Milne Land Formations, the bottom of the Hjørnedal marker flow
was defined as horizonta1. The other formations are plotted separately, with horizontal
bottoms, and for the Geikie Plateau Formation also with horizontal top.

Cover pieture
View southwards showing top 1980 m with flat-lying basalts of the Geikie Plateau Formation
on eastern Gåseland.
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