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Abstract

Alkaline basic lavas occurring as outcrops of limited extent in the nunatak zone of East Greenland
beyond the head of Kejser Franz Josephs Fjord have been examined in detail on the basis of new
collections. These rocks show considerable diversity and include highly magnesian, perovskite-bearing
nephelinites, slightly less magnesian nephelinites, basanitoids and nepheline hawaiites. Phonolite, re­
ported earlier, is absent from the new collection. Apart from the perovskite-bearing nephelinites,
probably prirnary magmas derived by small degrees of partial melting of normal mantle, these rock
types have evolved in a complicated way and do not appear to be related by low pressure processes.
While it is possibIe that alkaline basaltic magmas have been a widespread feature in the late stages of
vo!canism in this part of East Greenland, the nephelinites appear to be restricted to intracontinental
areas. They represent small-scale flank activity possibly related to the prolongation of the Jan Mayen
fracture zone.

Authors' address:
C. K. Brooks
Institut for Petrologi
øster Voldgade 10
DK-1350 Copenhagen K

D. C. Rex
Department of Earth Sciences
The University
Leeds L52 9JT

A. K. Pedersen·
Geologisk Museum

øster Voldgade 5-7
DK-1350 Copenhagen K

• Work done while on leave at the Research School of Earth Sciences, Australian National University,
Canberra, Australia.



Contents

Introduction ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Field occurrence 5

Age relationships 7

Petrography :............................. 8

Rocks of nephelinitic affinity 8

Nepheline hawaiites 11

Mineralogy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Il

Petrochemistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20

Trace elements 22

Summary and conc1usions 25

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26

References 26



_ Basic volcanic rocks

74"

o
•

ARNOLD ESCHERS LAND

~ .
o

74"

Fig. 1. Map of the nunatak zone at around 74°N in East Greenland showing main outcrops of volcanic
rocks and the localities of the present samples.



Introduetion

Tholeiitic plateau basalls of lower Tertiary age are a prominent feature of the
geology of East Greenland (e.g. Brooks et al., 1976; Deer, 1976; Noe-Nygaard,
1976). Strongly alkaline basic voleanie rocks have long been known from cerlain
inland areas, notably overlying the plaleau basalts in the Prinsen af Wales Bjerge,
inland from Kangerdlugssuaq at about69°N (Anwar, 1955; Brooks & Rueklidge,
1974) and in isolated exposures in the nunatak zone in land from Kejser Franz
Josephs Fjord at about 74°N (Katz, 1952 a & b, see also Haller, 1956). More
reecntly alkaline basaltie and hawaiitie lavas have been found overlying the tholeii­
tic plateau basalts in northeasl Greenland from 73°N to 74°30'N although their
extension in land is at present very imperfeetly known (Upton & Emeleus, 1977;
Hald, 1978; Noe-Nygaard & Pedersen, in prep.).

It is possibly significant that the more strongly alkaline rock types are situated in
in land areas, 150 to 200 km from the present eoast whereas the more voluminous
tholeiitie rocks reaeh their greatest devclopment along the coast. Brooks (1973)
suggested that this distribution in the Kangerdlugssuaq distriet might be related to
the fonnalion of rift struetures during continental break-up.

The alkaline rocks of the nunatak zone in central East Greenland at c. 74°N are
very inaecessible and previous work has been meagre, being based on samples
taken on an extendcd sledge joumey (Katz, 1952 a). During recent reconnaissanee
work on the Caledonian rocks of the area by the Geological Survey of Greenland
new samples have been collccted, and we report here on their petrography, pe­
trochemistry and age with a view to aeeurately eharacterizing these rocks and
auempting to elucidate their relationships to other Tertiary rocks in this area.

Field occurrence

Duc to thc reeonnaissanec nature of the field work during whieh the samples
were eollecled, it is not possibie to add much to the deseriptions given by Katz
(1952 a) and Halle< (1956).

These rocks are found in a terrain, whieh is extensively covered by iee and has an
extreme aretic climate. They are found at high elevations, capping the tops of
nunataks and at no place form any considerable continuous outcrop (fig. 1). It is
therefore uncertain just how extensive these rocks originally were: they may be the
remnanlS of an originally continuous lava fjeld extending inwards under Ihe inland
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ig. 2. View looking from the west to the nunatak in Arnold ~chers Land from which ample GG
200147 was collected. The ampling localil} i indicaled by an arrow nd the nature of the lerrain and
the individual o1canic ro k outcrop are clear! cen.

ice (Wenk (1961) e timated their area to be in e ce af 2000 km 2), ar the may
have been i olated occurrences not much mor exten ive than their pre ent known
outcrop area. he laller i mor likel because such highly alkaline ba ic lava
commanly form r latively cattered volcanic Iructure and there i lillIe evidence
for any great thickne s ar original continuity.

The vo!canic rock are tlat-lying and overlie peneplained chi t and gnei se af
the Caledonian and po ibi alder age (fig. 2). Tn the area c vered b fig. l the
peneplain rises from around 2000 m I ation to around 2300 m in a outhwe ter!
direction. AI ane point lava was seen filling a valle inci ed ima thi peneplain
(Higgin , per. camrn.). Aparl from Ihe localitie ampled in Hobb and rnold
Eschers Land and J. L. Mowinckel Land further i olated occurrences were
ob er ed which are toa mali to be hown in fig. 1. Funh r expo ure af Lhe e rock
are known from Wilkin unatakk r, about 10 km due north af the mo tea terly
land in ig. 1, bul an occurrence previously r ported from Hvidbjørn unatakker
(20 km outhwest of fig. 1) wa found to con i t of chist (Friderich en pers.
camrn.). The cattered land area af the nunatak zone are often co ered by exten­
sive areas af semi-permanent snow and much of the exposed surface i cornpo ed
of block forrned by inten fr t- hattering. It i however believed that such
bl ck ar approxirnat I in ilu and representative of the underlying material.
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The limited lim a ailable prevenl d a detailed in e ligalian af the field rela­
ti n bul il app that flo pr d minate. It i timated that th v I anie
r mnant oeeup ing cl pre ion in Ih peneplained urfae have a lhickn f lhe
order af 30-40 m bul olherwise deerea e rapid l in thiekness. At one point
c lumnar joint cl alt which ma p ibi e a leanie neck wa een (fig. . o
cl ke er ob rv a1though tz J952 a) r rt d them to be a undant in

bb Land, and h a umed that th repre nted fe d r ehanoels as lhe re em­
ble th la a p tr graphicall .

r lationship

Geologicall , il ean onl· b laled thai the e r k are
t-Caledonian bUl i has long b n a umed lhat th lower Terliar like lhe

a alt onthee a loD tailedbi tr ligraphicaltudi bopereral. (197 a&b)
plae the ag of eomm ncement o volcani m in th area to the outh af eore by

und as upp rmo t Palae cen (c rre p nding t n a e af perhap 5 m..).
Radiometric d terminatian in th arne area r dl confirm thi ignment
Beekinsal {al., 1970: Broaks Gleadaw l 77 .
To eonfinn Ih a of olean' m, - r dating ha b

from the ar od r ult are h n in ta le 1. Tb r uh bo a
from to 5 hieh is probabl related to arg n Io
int ti'aI pot i ze lit ,It i i le thar tb rbf! high r a hich li
the eperim ntal Tf r of ea h th r, r pr en n r ximati n t th
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Table J. K-Ar age derermillatiOrlS 011 IIo/conic rocks from tlle nunatak zone

Sample no. 'ro K

GGU 240426 ........•.... 0.570
GGU 240427 1.00
GaU 200145....... 0.780
GGU 200148.. 0.426
GGU 200141 0.714

vaL ..oAr rad. % Ar rad. Ag,
(sce/g x IO...... ) (m.y.)

0.09922 52.6 44±2
0.19627 77.6 SO±2
0.17144 76.1 56±2
0,09525 57.0 S7±l
0.16274 66.1 56±2

rad. = radiogenk
For IOCalions af these samples see fig. I.
Otcay CQnSlanlS used as reeommended b)' IUOS Subcommission on Geochronology (Sttiger & Higer.
1971).

cXITusion, and wc tentatively conclude that the avcrageofthese, S6 ± 1 m.)'. (I a),
is the bes! eslimate of the time of this event.

Therefore the vo!canism here was contemporaneous with voluminous tholeiilic
activity in the East Greenland coastal regions. A similar age was obtained by fission
track daling of apatite from the highly alkaline Gardiner intrusion (Brooks &
Gleadow, unpubl.) which is pelrologically comparable wilh the magma types re­
presentcd in the nunatak zone. On the other hand, the salic alkaline rocks of East
Greenland are appreciably younger (Beckinsale et al., 1970; Pankhurst el al.,
1976).

Petrography

The rocks are characterized by phenocrysts of oli vine and clinopyroxene set in a
pyroxene-rich groundmass which is often glass-rich. Early chromite is included in
some olivines, and xenocrysts (largely clinopyroxene) may be abundant in some
samples. All samples are porphyritic although the mode of phenocrysts and
probable xenocrysts ranges from 50 per cent down to a few per cent. Table 2 gives
a qualitative summary of the phcnocryst and groundmass mineralogy of these
rocks.

Rocks of ncphclinitic affin ity

These vary eonsiderably, from picritic rocks dominated by phcnoerysts of oli vine
to strongly clinopyroxene-phyric types and others poor in phenoerysts. The less
marie are basanitoids, the Ol hers nephelinites (see under Pelroehemislry). Crystal
aggregates, possibly reprcsenling carly eognate cumulatcs, arc oceasionally prc-
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Table 2. Petrographic summary of volcanic rock samples trom the nUllatak zone

GGU no. Phenocryst Inclusion Groundmass Alteration

240426 ol (abundant) + epx (minor) none observed largel)' acicular cpx with ml + negligibie
nephclinitc pC + analcime + mica (trace)

200147 ol (with er inc1usions) + cpx green. spongy-cored cpx cpx+rnl+trace mica + negligible
nephelinitc intcrstilial ne

200146 ol (with er inclusions) nonc observcd fine-grained. bul similar to phillipsite infiUs cavilies
nephclinilc previous - mica morc

abundanc + nc+ rnt+ 11+ pr

240427 01+ epx none observed cpx + ml + mica + negUgible
nephclinilc intcrstitial nt + analcime.

20014 ol + epx some cpx cores cpx + ml + mica + pr minor alteration of ol.
nephelinitc natrolitc devcloping in

groundmass

200145 epx (abundant ) + ol (minor) cpx cores, ol + cpx aggregates cpx + ml + abundant minor, apan from
basanitoid purplish gtass + il devitrification of glass IO ml +

plag

215159 epx (very abundant) + ol cpx cores epx + ml + plag + glass + glass devitrified
basanitoid (minor) anaJcime + il

215167 epx (very sparse) + ol green, spongy.cored cpx fine-grained - largely cpx + ycUowish shcet silicale +
ne hawaiite (pseud.) ml + feldsparlfeldspathoid (7) analcime in vesic1es

215168 essenlially similar to previous except for occasionaJ dehydraled kaersuliles now composed of cpx + rhonite + yellowisb sbeet silicate.
ne hawaiile Analcime and zeolile (in pan thompsonite) in groundmass.

Abbreviations: cpx, clinopyroxene; ol, olivine; er, chromite: ml, tilanomagnetite; pf. perovskile; il, ilmenite: ne. nepheline: plag,
plagioel....
Mineral identifications are by microprobe.
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Fig. 4. a & b. Photographs in plane polarizc:d light af \wo enlire thin seerions (c. 2.5 x 4 cm) of GGU

200145. A presumed cognalc i"clusion af oli ...ine and clinopyroxcnc nlay be seen in (a), while (bl shows
ihc Iypical large ,linopyro:rccncs wilh xcnocrystil; cores of chromian diopside which arc rcgardcd as
manile fragments. c. A large (3 mm aeross) partially resorbed core of c1inopyroxcne in GGU 200147.
Such cores were originally mOTC acmi!ic and provide evidence for hybridil.alion. d. Detail of thc
groundmass. which is rich in pyroxcne alld opaque oxides. in GGU 200145. Also setn is thc residuaJ
gJass which has a phonolilic composilion (field af view c. 0.5 mm aeross). Apatile needIes arc present in
the glass.

sent. In addition to the obvious phcnocrysts, some samples contain larger crystals
which are strongly out of equilibrium with the groundmass. These occur either as
corroded cores inside a euhedral overgrowth or as resorbed and spongy crystals.
Typical examples of some of these relationships are shown in fig. 4.

The groundmass is composed of euhedral c1inopyroxene, opaque Fe-Ti oxides
and occasionally pcrovskite - all of which are euhedral or nearly so - in a matrix of
one or more of the folIowing: glass, feldspathoids, zeolites and poikilitic brown
mica. The texture, which resembles many lamprophyres is panidiolllorphic (fig.
4d). Plagioclase is observed in only IWO samples (GGU 215159 and 200145) in
smal1 amounts, and ocelli composed largely of feldspathoids somelimes occur.
11menite from such ocelli has been analysed (see below).
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Nepheline hawaiites

These rocks are slightly porphyritic with phenocrysts of olivine (now
pseudomorphed) and c1inopyroxene. In addition, they contain spongy-cored
xenocrystic clinopyroxene and megacrysts of kaersutite now replaced by an aggre­
gate of rh6nite and clinopyroxene. Their extensively altered and very fine-grained
groundmass consists of euhedral c1inopyroxenes, opaque oxides, dark mica and
masses of what is believed to be altered plagioclase or glassy residuum. Original
vesicles are lined by euhedral alkali feldspar and filled with analcime and zeolites.

The chemistry of the minerals and glasses is described below based on about 150
analyses made on the TPD microprobe at the Research School of Earth Sciences,
Canberra, applying the procedure described by Reed & Ware (1975).

Mineralogy

Olivines. About 20 analyses, representing all types of olivine, have been made, but in
contrast to the pyroxenes, variation is smal1 and most have a composition lying within the
range Fos0--9o. Very limited zoning has been observed, up to about Fos. A weak correlation
between the forsterite content and the Mg/Mg+Fetotal ratio of the host rock ean be seen:
GGU 240426 (Mg/Mg+Fe to1al = 0.72) has olivine phenocrysts with composition 90.2% Fo
while GGU 200145 (Mg/Mg+Fe,oI81 = 0.54) has phenocrysts with cores of 77.8% Fo and
rims of 75% Fo. In the two most FeO-rich rocks olivine phenocrysts are very scarce. It
appears therefore that these olivine crystals are generaIly true phenocrysts.

Three selected olivine analyses are shown in table 3.

Pyroxenes. Clinopyroxene is the dominant modal and normative constituent in these
rocks and several distinct types may be distinguished in thin section. The compositions of
representative examples from a total of over 40 individual analyses are shown in table 4 and
plotted in fig. 5.

(a) Pyroxenes in the nephelinites (table 4, no. 1). The phenocrysts, which range in size up
to about half a centimetre, have compositions lying dose to the diopside/salite boundary
(i.e. 10% hedenbergite) and tend to reflect the compositions of the host rock. Thus rocks
with high Fe/Mg ratios tend to have pyroxenes with high Fe and Ti and low Cr contents.
Although the correlation is not perfect (the pyroxenes in GGU 200145 have anomalously
high Fe/Mg and low Cr), it does tend to confirm the petrographic interpretation that the
euhedral form indicates that they are cognate. Judging by the Al (VI) contents of these
phenocrysts, they crystallized at upper crustal leveIs.

The dinopyroxene phenocrysts are rimmed by pyroxene similar to that of the
groundmass. The boundary between the colourless cores of the phenocrysts and the lilac
rims is sharp, and fine-scaled osciIlatory bands, similar to those described by Brooks &
Rucklidge (1973), may be present in the rims. These late pyroxenes are, as is commonly the
case in alkaline rocks, strongly enriched in Ti and Al and are more Fe-rich. They are also
depleted relative to the phenocrysts in Cr203 which has presumably been removed from the
liquid by the earlier crystal1ization of the phenocryst generation.
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Table 3. Selected olivine analyses from volcanic rocks of the nunatak zone

2 3

Si02 •····· ••...••.. 40.84 39.22 37.52
LFeO .............. 10.33 16.60 23.21
MnO .... ' .•.. 0._ .. 0.26
MgO ••••• 0.0 •• o ••• 49.23 44.16 39.05
CaO ............... 0.11 0.19 0.15

100.51 100.17 100.17

% Fo .............. 84.5 82.6 75.0

Basis: 4 oxygens
Si ................. 0.997 0.991 0.981
Fe ................. 0.211 0.351 0.507
Mn •••••• 0.0 ••••••• 0.006
Mg . . ............. 1.792 1.663 1.521
Ca . .. ............. 0.003 0.005 0.004

Cations 3.003 3.010 3.019

1. Core of large olivine crystal in GGU 240426.
2. Core of olivine phenocryst in GGU 200148.
3. Rim in olivine in an olivine-c1inopyroxene cognate inc1usion in GGU 200145.

If the orientation of the tie lines between the phenocryst and groundmass pyroxenes
indicates the direction of evolution of these c1inopyroxenes at low pressure, then the trend
exhibited by the phenocrysts, which is approximately parallel to the Ca-Fe side of the
triangle in fig. 5, indicates a quite different process. Such a trend could be explained by the
high pressure separation of a highly diopsidic pyroxene of the type found by Brooks &
Rucklidge (1973) as megacrysts in an alkaline dyke from Wiedemanns Fjord, East Green­
land.

Deep green pyroxene crystals are present in sample GGU 200147 (table 4, no. 5). These
may be several millimetres in size and appear strongly corroded. Some cores are homogene­
ous and are enriched in Fe compared to the other pyroxenes in the same rock (e.g. 30% Hd
as against 11 % in the groundmass pyroxenes) and are also rich in Na and Mn. Calculation
shows that they are also rich in Fe3+. Some green pyroxenes have partially re~orbed cores
(fig. 4c) and appear to be in an advanced state of breakdown from compositions similar to
the homogeneous green cores. The spongy-cored green pyroxenes are not so rich in Fe as
the homogeneous ones and contain glassy inc1usions with zeolites, apatite and a titanomag­
netite which is much richer in magnetite than groundmass Fe-Ti oxide. Such green pyrox­
enes are common in basanitic and related rocks (Brooks & Printzlau, 1978). These authors
suggest that they indicate mixing of magmas with very different concentrations of Fe and
alkalies.
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Table 4. Selected clinopyroxene analyses from volcanic
rocks of the nunatak zone

·2 4

Si02 . 51.54 50.96 45.11 53.97 50.15 43.15
AhO] ... 1.76 3.88 7.63 0.41 U9 10.26

Ti02 ,." 1.44 0.99 3.71 0.32 0.52 3.67

Cr::zO] 0.61 0.42 0.23 0.87 0.24 0.18
:l:FeO .. 4.92 5.23 9.07 3.42 16.83 7.12
MgO .. 15.72 15.35 12.09 17.83 7.57 11.67
Cao 23.47 22.07 22.43 22.62 19.40 22.23
Na::zO 0.23 0.54 0.61 0.17 2.79 0.93

99.69 99.44 100.92' 99.61 99.41" 99.27···

Fe:zOJ. 0.00 1.71 5.45 0.00 8.39 6.46

FeO 4.92 3.69 4.16 3.42 9.28 1.31

new sum 99.69 99.61 101.46' 99.61 100.23" 99.91·"

, total ineludes 0.03% K,O (- O.OOIK) I. Phenocrysts in nepheLinitc, GGU 200146.
•• total inc1udes 0.30% MoO (= 0.010 Mo) 2. Phenocrysls in nepheline hawaiile, GGV 215167.

... total includes 0.06% K 20 (= O.OO3K) 3 Groundmass and rim pyroxenes in GGU 215167,
New sum by method of P_pike et al. (1974) 4. Diopsidic cores rich in erlC) in GGU 200145.

5. Green acmitic cores in GGU 200147.
6. Pyroxene in aggregates with rhonile and serpentine(?)

after kaersutite in GGU 215168.
All analyses are averages of several point analyses.

Calions calculaled by Ihe melhod of Papike et al. (1974)

6

Si. 1.909 1.878 1.672 1.974 1.927 1.611
AI;' . 0.077 0.122 0.328 0.018 0.072 0.389

TET 1.986 2.000 2.000 1.992 1.999 2.000

AI;'. 0.00 0.046 0.00l'i 0.000 0.000 0.063

Ti 0.040 0.027 0.103 0.009 0.Ql5 0.103
Cr . 0.018 0.012 0.007 0.025 0.007 0.005
Fe3+ . 0.000 0.047 0.152 0.000 0.242 0.182

FeH
" 0.152 0.114 0.129 0.105 0.298 0.041

ocr . 1.078 1.090 1.065 1.111 0.996 1.043

Ca 0.931 0.871 0.891 0.887 0.799 0.889
N_ . 0.017 0.039 0.044 0.012 0.208 0.067
M2 1.026 1.000 1.000 1.009 1.006 1.000

QUAD . . 92.31 86.66 67.23 96.60 73.52 61.13
(JfH1!llS . 7.69 13.34 32.77 3.40 26.48 38.87

Wo 47.73 47.67 52.78 45.16 52.19 56.31
QUAD En 44.46 46.11 39.57 49.51 28.32 41.11

Fs 7.81 6.22 7.65 5.33 19.49 2.58

Ti 30.05 14.57 21.78 22.84 5.10 18.43
(JfH1!llS NAM 2 12.37 20.49 9.23 31.28 70.48 12.04

A14 57.57 64.94 68.99 45.88 24.42 69.52

X., i. 0.15 0.12 0.16 0.10 0.41 0.06

hest name CaMg CaFe3 CaMg NATAL A04ITE C_Mg
for othen TAL CATS TAL TAL
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Fig. 5. Average clinopyroxene analyses plotted in terms of Ca-Mg-Fe. Open circles: rims, filled circles:
phenocryst cores, rhombs: xenocrystic cores and the olivine-clinopyroxene inclusion, and star:
clinopyroxene in aggregate after kaersutite.

Strongly eorroded diopsidie cores are present in GGU 200145 (table 4, no. 4). These have
a high Mg/Mg+ Fe ratio and high Cr contents and in this respeet resemble clinopyroxenes in
lherzolite nodules in alkali basalts (Ross et al., 1954) and alpine peridotites (e.g. Green,
1964). They may therefore be fragments derived from mantie lherzolites except that they
have a low AI(VI) eontent whieh does not support this interpretation. Corroded cores in
sample GGU 200148 are of different type and more Fe- and Ti-rich and more Cr-poor.
They are most probably aecidentally aequired phenocrysts from a related magma such as
GGU 215167 and, as with the green cores discussed above, suggest some hybridization.

In addition to the diopsidic cores, sample GGU 200145 eontains apparently cognate
aggregates of olivine and clinopyroxene. The pyroxene in these has a composition which is
entirely consistent with this interpretation.

(b) Pyroxenes in the nepheline hawaiites. The pyroxenes in these rocks (table 4, no. 2) do
not ditfer greatly from those in the nephelinitic rocks in terms of Ca-Mg-Fe but are mueh
rieher in alumina and ferric iron and generally poorer in Cr. A gradual inerease in Ah03
from about 4% in the phenoerysts to about 7.5% in the groundmass grains is observed
within the nepheline hawaiites, and tbis is correlated with an increase in Ti02 (from l % to
3.8%). Sueh elinopyroxenes are typical produets of low pressure crystallization from alkali
basaltie and hawaiitic magmas with a moderately low silica aetivity (Carmichael et al., 1974).

Sample GGU 215168 contains in addition pseudomorphs after an earlier phenocryst
phase, which broke down to a mixture of clinopyroxene (table 4, no. 6), rhonite and a
yellow, serpentine-like mineral (see below under rhonite). This assemblage, together with
the morphology of the pseudomorphs, suggests that the original phase was kaersutitie am­
phibole. The pyroxene in this intergrowth is quite distinet from the other clinopyroxenes,
being rieh in CaO, Al20 3 and poar in Si02 and Cr203' Calculation shows that mueh of the
Fe is present as Fe3+, and that the breakdown of kaersutite was aceompanied by oxidation.

In summary, this interesting assemblage of elinopyroxenes eannot be unambiguously in­
terpreted, but indicates a complicated history for these magmas. The magmas have under­
gone aperiod of crystallization prior to eruption during which the phenocrysts forrned and in
some cases aggregated to form olivine-clinopyroxene rocks. Mixing with more evolved but
probably co-genetie magmas also occurred and, in some cases, crystals were acquired from
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extraneous sources. These relationships are likely to complicate any attempt to put forward
a simple petrogenetic scheme for these magrnas.

Micas. A brown miea occurs in the groundmass of many of the rocks. It tends to form
plates whieh poikilitically enclose the other constituents and is presumably of late-stage
origin. However, the four rocks with the highest FeO/MgO ratios do not appear to have this
phase. Analysis shows that this mica is a titaniferous phlogopite whieh does not show great
variation from the analysis shown in table 5. Ti, whieh is the element showing most variation,
lies in the range 5 to 11 % and is exceptionally high, those at the upper end of this range
being the most Ti-rich micas known to us, although a minor part of this may be caused by
interfering Ba not adequately accounted for in the correetion procedure.

These micas contrast strongly with those reported in the groundmass of the nephelinite
from Kangerdlugssuaq described by Brooks & Rueklidge (1974). These latter micas were
Ti-poor and required some Fe3+ to make the Z positions up to 8.00. Similar micas to those
reported here are found in lamproites, e.g. those from Holsteinsborg in West Greenland
described by Brooks et al. (1978) or Smoky Butte, Montana (Velde, 1975), but these have
Fe3+ in the Z position onee again due to the faet that AI lies below 2.00 atoms per formula
unit. Perhaps the best eomparison is with a phlogopite from an alkali basalt from Jan Mayen
(Flower, 1971) but this has only a little over halt the Ti02 of the most titaniferous of the
nunatak samples. It is clear that much information must be aequired on this mineral group
before the observed variations ean be understood.

Table 5. A typical mica analysis from the volcanic rocks ofthe nunatak zone together
with comparisons

Wt.% Basis: see below
2 3 2 3

Si02 ....•.. 37.11 42.0 40.10 5.403 6.088 5.885
AI20 J •••..•• 12.24 8.07 12.02 2.101 1.379 2.075
Ti02 ....•... 10.79 2.36 6.15 1.181 0.258 0.678
LFeO ....... 8.29 12.46 9.41 1.009 1.503 1.150
MnO ........ 0.14 0.06 0.82 0.017 0.007 0.101
MgO ........ 17.46 20.2 17.40 3.788 4.362 3.831
CaO ........ 0.23 0.17 0.00 0.036 0.026
Na20 ........ 0.57 1.01 1.00 0.161 0.284 0.284
K20 ........ 8.07 10.1 8.36 1.499 1.867 1.566

94.90 96.43 95.26 15.195 15.774 15.570

1. Titaniferous phlogopite from sample GGU 240427 with cations on basis of 22 oxygens.
2. Phlogopite with reversed pleochroism (due to tetrahedral Fe3+) from nephelinite, Kangerdlugssuaq
(Brooks & Rucklidge, 1974). Cations on basis of 22 oxygens.
3. Titanium-rich phlogopite, Jan Mayen (Flower, 1971). This is a standard chemical analysis with
oxidation state and (OH) reported; calculated on basis of 24 (O, OH). Fe3+ has been combined with
Fe2+ for comparative purposes.
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Table 6. Rhonite from the volcanic rocks of the nunatak zone together with a com­
parison

Basis: 28 cations and 40 oxygens
1 2

Wt.%
2

SiOz ..... 26.54 28.58 Si
Alz0 3 .... 15.14 13.35 Al
TiOz ··· .. 10.70 10.70 Ti
~FeO .... 21.25 22.49 Fe
MnO ..... 0.17 0.17 Mn
MgO ..... 12.85 12.09 Mg
CaO ..... 11.01 10.23 Ca
NazO .... 2.07 2.11 Na
KzO .. ,-. 0.00 0.02 K

99.73 99.74

FeZ03 .... 9.65 6.14 Fe3+

FeO ..... 12.57 16.96 Fe2+

new sum 100.70 100.35

Oxidation state calculated from stoichiometry.

7.056
4.746
2.140
4.725
0.038
5.092
3.137
1.067

1.930
2.795

7.664
4.221
2.158
5.044
0.039
4.832
2.939
1.097
0.007

1.240
3.804

l. Rhbnite in aggregate wilh c1inopyroxene (lable 6, co!. 5) and yellow serpentine (?) replacing
kaersulite in sample GGU 215168.

2. Rhbnite in alteration rim on kaersutite, Otago Harbour. New Zealand (Kyle & Price, 1975).

Perovskite. This mineral has been identified in the groundmass of three samples and
indicates the markedly undersaturated nature of these rocks (Carmichael et al., 1974, p. 53).
Several analyses confirm its identity but have low totals, possibly due to the presence of
NbzOs and CeZ03 which have not been quantitatively determined.

Rhonite. The literature reparts rhonite in nephelinites, basanites and related rocks both as
a primary phase, either as microphenocrysts or in the groundmass, and as a breakdown
product of kaersutite. It does not apparently vary much in composition, and the rhonite
analyses made in this work (table 6) do not deviate significantly from rhonite analyses
published previously (Kyle & Price, 1975; Magonthier & Velde, 1976).

The rhonite in sample GGU 215168 forms aggregates with clinopyroxene and a yellowish,
serpentine-like mineral. These aggregates have a euhedral form and this, together with their
composition and the known occurrence of rhonite after kaersutite, indicates that they
formed by the breakdown of kaersutite phenocrysts which ceased to be stable when the lava
was erupted at the surface. Diffuse patches with a similar mineralogy mayaiso be found in
sample GGU 215167 and these are apparcntly also after kaersutite where resorption has
progressed even further. The rhonite is almost opaque and pleochroic from purple-brown to
deep green; and its composition is consistent with the ideal formula, which is X 4 Y12Z12040,
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especiaIly when some Fe203 is calculated. On this basis, the rhonite seems to be rather
strongly oxidized, although entirely within the known range (Kyle & Price, 1975). The
composition of the associated pyroxene has been discussed above.

This is the first reported occurrence of rhonite from Greenland.

Opaque oxides. The Fe-Ti oxides are discussed on the basis of 23 complete microprobe
analyses of which a selection are presented in table 7. They vary from chromites (found
exclusively as incIuded grains in olivine phenocrysts) to titanomagnetites in the groundmass.

Table 7. Selected analyses of Fe- Ti oxide minerals from the volcanic rocks of the
nunatak zone

2 3 4 5

Si02 ...•• 0.16 0.19 0.15 0.41 0.00
Ti02 •.. · • 3.86 16.03 20.71 21.96 50.22
Ah03 .... 6.22 3.93 2.02 0.87 0.12
Cr203 .. 44.09 11.40 2.32 0.41
Fe 20 3 .... 14.18 25.91 28.24 27.26 6.67
FeO ..... 24.64 36.09 40.88 44.18 37.36
MnO ..... 0.24 0.64 0.88 0.65 0.91
MgO ..... 7.83 6.94 6.04 4.64 3.86
CaO ..... 0.07 0.00 0.23 0.34

101.29 101.13 101.47 100.72 99.14

FeO ..... 37.40 59.40 66.29 68.71 43.36

Basis: 24 calions and 32 oxygens
(4 calions

60xygens)

Si ........ 0.043 0.053 0.042 0.118
Ti . , . . . . . 0.787 3.347 4.378 4.743 1.872
AI ....... 1.989 1.286 0.669 0.295 0.007
Cr ....... 9.455 2.502 0.516 0.093
Fe llJ ..... 2.894 5.413 5.974 5.891 0.249
Fe ll

...... 5.590 8.378 9.611 10.612 1.549
Mn ...... 0.055 0.150 0.210 0.158 0.038
Mg ...... 3.165 2.871 2.530 1.986 0.285
Ca ....... 0.020 0.069 0.105

Oxidalion slate calculated from slOichiomelry

1-3. Spinels ranging from chromite (included in olivine phenocrysts) lo litanomagnelite grains in
groundmass in GGU 200147.

4. Core of smalllitanomagnelite grain in groundmass of GGU 200146.
5. lImenile in nepheline-rich ocellus in GGU 200146. The curves af Buddington & Lindsley

(1964) indicate Ihal Ihis rock quenched al about 930°C and/02 = 10-12 (see lexl).



18

The variation is apparently continuous over this range. These spineIs are c10sely similar to
those described from other mafic alkaline rocks such as the nephelinite from
Kangerdlugssuaq (Brooks & Rucklidge, 1974) and the rocks of East Island in the Crozet
Group, Indian Ocean, described by Gunn et al. (1970).

Apart from the chromite grains included in and preserved by olivine phenocrysts and the
titanomagnetites of the groundmass, occasional large crystals of titanomagnetite are also
present in some samples. However, these do not appear to differ in composition from the
groundmass grains. A magnetite is also present in the spongy centres of some c1inopyroxenes
which apparently represent xenocrysts in an advanced state of resorption. Those in the
spongy green pyroxene cores have been commented on above.

In sample GGU 200146, occasional ocelli composed largely of nepheline are found and
these contain blades of fenian i1menite (table 7). It this ilmenite crystallized in equilibriurri
with the magnetites of the accompanying groundmass, it indicates a temperature of around
930°C and an oxygen fugacity of around 10-12 (Buddington & Lindsley, 1964). When
calculated using the procedure of Anderson (1968) the magnetite has 55.4% ulv6spinel and
the i1menite has 7.4% hematite. Within the probable error, this point lies on the FMQ buffer
curve.

11menite also occurs in the basanitoids, GGU 200145 and 215159, where it is confined to
glass inc1usions and large glassy embayments in silicate crystals. It shows a tendency for
epitaxic relations towards the host crystal as described by Roedder & Weiblen (1971).
Apparently co-equilibrated magnetite and ilmenite from a glass inclusion in GGU 215159
gives a temperature around 985°C and!02 around 10-11

.4, which is again on the FMQ buffer
curve.

Felsic minerals. Nepheline occurs in the groundmass of several rocks, either interstitially
or in ocelli or late-stage segregation patches. Its composition, which does not vary very
widely, is reported in table 8 (no. 1) and corresponds to Ne7S.92Ks20.36Qz3.n. According to
the work of Hamilton (1961), this nepheline crystallized around 600°C which is entirely
compatibie with its occurrence.

Plagioclase is now found only in the groundmass of basanitoids GGU 200145 and
215159. Analysis 2 (table 8) corresponds to An16.sAb68.90r14.S' Plagioclase was probably
originally also present in the extensively altered groundmass of the nepheline hawaiites
GGU 215167 and 215168 but has not been preserved. In GGU 215168 alkali feldspar
occurs (table 8, no. 5) lining ana1cime-filled vesicles. This has a composition of
Or48.7Ab47.4An3.9'

Several rocks contain ana1cime, usually filling vesic1es, although occasionally as a
groundmass phase. It varies littie in composition and, when calculated on the basis of 4
cations, shows a reasonable agreement with the ideal formula.

Sample GGU 240427, which is one of the most potassic rocks in bulk composition,
contains a homogeneous mineral in the groundmass whose composition (table 8, no. 4)
c10sely resembles many published analyses of pseudoleucite. However, it shows no tendency
to break down as do pseudoleucites. On the other hand it is much richer in K20 than
potassic analcimes (Wilkinson, 1968) and has perhaps forrned by subsolidus cation exchange
from analcirne.

Other zeolites are found filling vesicles in some samples. Thus GGU 215167 and 215168
are particularly rich in such vesic1es and were probably collected from flow tops. In these two
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Table 8. Selected analyses of light minerals in the volcanic rocks of the nunatak zone

2 3 4 5 6 7

Si02···· ... 44.22 62.46 54.43 54.19 65.73 46.56 45.45
AI20 3 ..... 32.77 23.09 23.79 22.45 19.80 28.28 25.45
LFe203 .... 1.15 0.60 1.77 0.65 0.31 1.52
MgO ...... 0.15
CaO ....... 0.13 3.45 0.39 0.36 0.53 0.93 7.30
Na20 16.53 7.94 12.77 3.45 5.61 15.40 1.19
K20 ... 6.05 2.54 0.50 12.95 8.75 0.12 7.49

101.00 100.08 93.65 94.05 100.73 91.29 88.40

Basis: 32(0) 32(0) 4 cat. 4 cat. 32(0) 56 cat. 32(0)

Si ......... 8.426 11.138 1.979 2.071 11.789 23.536 9.608
Al ......... 7.362 4.854 1.037 1.009 4.187 16.833 6.343
Fe ......... 0.165 0.081 0.048 0.018 0.042 0.242
Mg ........ 0.043
Ca 0.027 0.659 0.015 0.014 0.102 0.516 1.654
Na ........ 6.107 2.745 0.898 0.257 1.951 15.044 0.488
K. 1.471 0.578 0.023 0.631 2.002 0.061 2.020

Z* . . . . . . . . 15.95 16.073 3.004 3.10 16.018 40.37 16.193
R** ....... 7.65 3.982 0.936 0.90 4.055 15.62 4.162

1. Nepheline, average of 6 c10sely similar analyses in GGU 200146 and 240427.
2. P1agioc1ase in GGU 200145 (Ba present but not measured).
3. Analcime, average of 6 analyses from GGU 240426, 215167 and 215168.
4. Postassic analcime(?) occupying centre of segregation patch and crysta1lized after accompanying

nepheline, GGU 240427.
5. Alkali feldspar rimming vesicle in GGU 215168.
6. Natrolite included in pyroxene in GGU 200148. Average of 3 simi!ar analyses.
7. Calcic phillipsite (selected analysis) in GGU 200146.

* Z = Si, Al, Fe lII

UR = Mg, Ca, Na, K.

samples the vesicles seem to be largely filled with analcime but in other samples natrolite
(included in clinopyroxene in GGU 200148 - composition shown in table 8, no. 6) or
phillipsite (as radiating aggregates in vesicles in GGU 200146 - table 8, no. 7) occur. These
minerals have been indentified from their compositions as determined by microprobe; but in
other cases the composition does not clearly correspond to any mineral and they may be
aggregates of several minerals.

2·
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Table 9. Analysis of interstitial glass in basanitoid from the nunatak zone

CIPW weight norm
1 2 o l 2

Si02 ........ 55.23 56.90 0.91 or 31.20 32.03
Ti02 ........ 1.30 0.59 0.16 ab 35.49 35.18
AI,0 3 ....... 19.90 20.17 0.30 an 1.05
~FeO ....... 3.47 3.88 0.11 ne 19.24 20.80
MgO ........ 0.83 0.58 0.21 ae 0.19
CaO ........ 1.46 1.88 0.48 wo 0.91
Na20 ....... 8.39 8.72 0.29 di 3.41 4.93
K20 ........ 5.28 5.42 0.36 ol 0.34

mt 3.18
95.86 98.14 hm 3.07

il 1.48 1.12
pf 0.89

1. Interstitial glass in GGU 200145, average of 8 separate point analyses. Norm calculated using
oxidation ratio of phonolite from Kangerdlugssuaq (Brooks & Rueklidge, 1974).
2. Average af 47 phonolite analyses (Nockolds, 1954, original analysis has P20 S , MnO, H20 and
Fe203)'
o Standard deviation af individual analyses used to ealculate col. 1.

G/ass. Brown interstitial glass occurs abundantly in the basanitoids GGU 200145 (fig. 4d)
and 215159. The average of 8 microprobe analyses for GGU 200145 is shown in table 9.
The variation in composition of this glass is minor, as shown by the standard deviations also
reported in this table. The glass is a phonolite and is very similar in composition to a world
average for phonolites published by Nockolds (1954) and to a residual glass from a basanite
from New South Wales described by Wilkinson (1966). It is likely that differentiation of
these lavas would give rise to phonolitic end products. Katz (1952 a) noted the presence of
phonolite in the dykes of the area but there is no further information on this rock-type to
al10w a comparison with the interstitial glass. The phonolitic glass is slightly anorthite nor­
mative and lacks the strongly peralkaline character of the tinguaitic phonolites described by
Brooks & Rucklidge (1974) from the Kangerdlugssuaq area, indicating that these have
probably arisen by a different process. The presence of normative hematite and perovskite
in the glass is not significant as these can be eliminated by altering the oxidation ratio, a
parameter not known from the microprobe analyses. Furthermore, P20S has not been
determined nor included in the norm calculations.

Petrochemistry

New analyses af rocks from the nunataks together with the alder results from
Katz (1952 a & b) are reproduced in table 10, where they have been arranged in
arder af decreasing 100 Mg/Mg+ Fetotal ratios and the four analyses reported by



Table 10. Compositions and norms of volcanic rocks from the nunatak zone

GGU no.: 240426 200147 200146 240427 200148 200145 215159 215167 215168 13b 24 11a 901b

Si02 ..... 40.80 41.63 39.27 40.55 38.64 43.36 42.69 44.74 44.57 37.82 40.40 41.48 38.30
AI,O, .... 5.04 8.48 7.09 7.72 7.42 7.55 6.84 13.98 13.57 6.53 6.09 8.76 6.25
Fe,O, .... 5.41 6.54 5.67 6.39 9.68 5.15 6.17 6.87 7.04 7.34 7.90 8.99 6.79
FeO ...... 8.22 6.75 9.89 7.57 5.82 10.74 10.39 5.23 5.05 8.76 10.35 7,27 7.60
MgO ..... 18.81 14.04 16.08 12.96 10.28 10.10 10.32 6.28 5.84 10.65 9.93 8.85 16.36
CaO ..... 11.27 12.99 10.57 12.83 15.92 13.48 13.56 8.94 9.27 16.25 13.63 11.53 12.65
Na20 ..... 1.70 2.64 2.37 2.95 1.98 2.25 1.76 3.67 4.12 1.70 2.55 2.30 2.48
K20 ...... 0.71 0.93 0.96 1.26 0.58 1.22 0.99 2.01 1.86 0.86 0.82 2.61 1.49
MnO .... 0.25 0.26 0.26 0.31 0.26 0.22 n.d. 0.26 0.25 0.28 0.27 0.23 0.20
TiD, .... 4.62 3.55 5.14 4.40 5.57 4.94 5.21 3.07 3.07 5.74 5.53 4.48 4.70
P20S .... 0.47 0.78 0.66 1.01 1.39 0.52 0.47 1.14 1.12 0.83 0.53 0.69 1.32
I.o.i..... 2.05 1.91 2.44 1.43 2.73 1.48 1.39 4.04 3.97 H,O+ ..... 2.66 1.60 2.53 1.50

H,O- ..... 0.52 0.42 0.49 0.42

99.35 100.31 100.36 99.38 100.06 100.94 99.78 100.07 99.61 99.94 100.02 100.21 100.06
Mg

Mg+Fe"" 71.90 66.43 65.65 63.42 55.77 53.94 53.57 49.51 47.74 47.95 50.55 50.87 68.22

C. l. P. W. weight norm (100% dry basis)
or. ..... 4.31 5.57 5.79 7.60 3.51 7.24 5.95 12.35 11.48 4.05 15.44
ab ....... 5.44 4.36 3.44 2.19 2.75 8.18 10.92 26.30 25.46 7.77 6.58
an ....... 4.14 8.66 5.99 4.19 9.89 6.93 7.97 16.36 13.62 7.65 2.74 5.84 1.51
Ic ........ 3.99 6.91
ne ....... 5.06 9.91 9.23 12.62 7.81 5.93 2.28 3.24 5.93 7.79 7.47 6.97 11.36
di ........ 39.36 40.32 34.04 42.35 48.09 45.48 45.48 17.14 20.84 49.06 46.95 35.66 39.25
ol .. 23.49 12.88 21.59 10.67 2.77 8.10 7.15 5.83 3.87 3.33 4.64 3.93 16.58
hm ....... 7.48 1.28
ml .. 8.06 9.62 8.39 9.46 3.55 7.50 9.09 9.16 8.56 10.64 11.45 11.19 9.85
il 9.02 6.84 9.97 8.53 10.85 9.43 10.06 6.06 6.09 10.90 10.51 8.51 8.93
ap 1.12 1.83 1.56 2.39 3.30 1.21 1.11 2.75 2.71 1.92 1.96 1.63 3.12
In 1.49 0.71

First 9 columns are new analyses by the GeologicaI Survey of Greenland "sing the techniques described by Sørensen (1975). 13b phlogopite-bearing olivine nephelinile, Hobbs
Land (Katz, 1952a), 24 augile-rich basalt of ankaramite type, Arnold Eschers Land (Katz, 1952a), Ila Iimburgite, Hobbs Land (Katz, 1952a) and 901b olivine nephelinite from
plug in Alpedal, Strindbergs Land (Kalz, 1952b). The older analyses were also quoted by HalJer (1956). tv
I.o.i. = lass an ignition, n.d. = not delermined ....
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Katz (1952 a) have been reproduced for reference purposes. Evidence for the
alkaline nature of these rocks is provided by the normative nepheline (up to
12.62%) and high values for K20, P20 S and Ti02 • Seven of the rocks are very
mafic with Ah03 less than 9 wt. % and are classified loosely as oephelinitic types.
The remaining two samples (GGU 215167 and 215168) are less mafic, have higher
Ah03 contents and are nepheline hawaiites (Irvine & Baragar, 1971). The con­
centrations of compatibie trace elements, Ni + Cr, are lower, in accordance with
this classification.

(a) Rocks with nephelinitic affinities. These are characterized by high MgO (up to
18.8%), large amounts of normative and modal nepheline, high normative diop­
side and high normative colour index (reaching around 80). Three of the samples
carry modal perovskite and these, together with two others, do not carry modal
feldspar. Although the nomenclature of such rocks is poorly defined, they are
chernically nephelinites (e.g. Irvine & Baragar, 1971). while two rocks with modal
feldspar could be terrned basanitoid as modal nepheline is not present (Wilkinson,
1974). The low alumina basic rocks represent a zone in silica activity - temperature
space between the stability fieids of feldspar and perovskite (e.g. Carmichael et al.,
1974). Katz's (1952 a) original terminology used names such as Jimburgite, au­
gite-rich basalt and ankaramite, to classify these rocks, but such names, while
descriptive, are not rigorously defined and are partially dependent on trivial factors
such as cooling rate.

Green (1971) has argued that lavas with values of 100 Mg/Mg+Felolal in the
range 65 to 73 and Ni contents over 200 ppm couJd represent liquids which had
been in equilibrium with the mantle. On the basis of this simple criterion, the first
four samples in table 2 are possible primary liquids.

(b) Nepheline hawaiites. The two samples composing this group have a much
lower colour index of around 40, are more Fe-rich (100 Mg/Mg+ Felolal ratio of
47-50) and are andesine-normative. This is the first record of such rocks from the
nunatak zone; but they compare closely with some alkaline lavas from Jan Mayen
(Hawkins & Roberts, 1972) and with the recently discovered alkaline lavas cover­
ing the plateau basalts in the coastal zone (Hald, 1978). This similarity might
indicate a continuity of alkaline voicanism from the Atlantic margins in as far as the
nunatak zone and calls for observations of the intermediate region.

Trace elements

These are reported in table 11, where the strongly alkaline character of the rocks
is clearly seen. This table shows that the large ionic radius lithophile ('LIL') ele­
ments are strongly concentrated relative to, for example, the East Greenland
tholeiites (Brooks et al., 1976; Noe-Nygaard & Pedersen, 1974). These elements
are enriched up to twenty times their values in the nearby tholeiites (as reported for
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Table ll. Trace elements and strontium isotopes in volcanic rocks from the nunatak
zone

GGU
no. 240426 200147 200146 240427 200148 200145 215167 215168

es ..... (0.32) (0.54)
Rb 59.8 42.7 42.4 38.7 19.2 24.5 44.5 46.7

(36) (22)
Ba 622 673 (902) 745 462 797 776

(387)
Pb. 27 14 13 9 8 14
Sr 1053 1313 1332 1979 2356 760 1262 1425
La ..... 66 97 89 162 129 63 117 117

(167) (54.4)
Ce ... 130 191 189 343 252 123 233 232
Nd 63 100 103 163 141 70 115 114
Sm . __ . (29.0) (11.5)
Eu .. _. (7.50) (3.07)
Tb ._ .. (2.36) (0.86)
Yb _... (3.63) (1.79)
Lu (0.44) (0.24)
Y 27 32 31 61 47 24 35 37
Th 8 8 (15.8) 12 5 11 10

(5.0)
U ... (5.42) (1.71)
Zr ... 420 370 498 523 694 307 557 560
Hf. _ (12.6) (7.1)
Nb .. 84 96 97 126 127 58 121 120
Ta. (3_93) (0.59)
Sb (0.57) (0.21)
Zn 94 135 135 111 138 118 123 126
Cu 209 163 208 181 256 368 103 102
Co 78
Ni 610 335 544 259 157 175 53 48

(234) (191)
Se ..... 32 31 (34) 35 42 14 14

(40)
V. __ .. 286 327 355 388 425 433 237 231
Cr ..... 1437 851 (1069) 498 552 51 50

(484)
Ga .... 18 17 23 16 23 22

8'Sr/86Sr 0.70404 0.70427 0_70380 0.70398 0.70465
±6 ±6 ±5 ±6 ±5

Bracketed values are determinations by instrumental neutron activation, all others by X-ray fluorescence on pressed
powder pellets correcled for absorption from the major element concentrations.
Sr isotopes measured on an MM 30 mass spectrometer.

other nephelinites e.g. Kay & Gast, 1973). Ni and Cr are also enriched. Within the
nephelinites, very substantial differences occur in some transition element ratios
(e.g. Ni/Cr) as well as in the concentration of LIL elements, while others, such as
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Fig. 6. Semi-logarithmic plot
showing rare-earth element con­
centrations relative to chondrites
(Schilling, 1971) in two nepheli­
nites from the nunatak zone
(GGU 240427, open triangles,
and GGU 200145, filled triang­
les). For comparison are shown
an average for nine nephelinites
(Kay & Gast, 1974: filled cir­
cles), an average for tholeiitic
plateau basalts from East
Greenland (unpublished work of
Brooks & Schilling: open circles)
and an average for eighteen
mid-ocean ridge basalts (Schill­
ing, 1971: filled squares).

Se, vary but slightly. These features cannot be explained using simplistic pe­
trogenetic models. In fig.6the rare earth elements, norrnalized to chondritic
values, are compared to those in nephelinites, East Greenland plateau basalts and
mid-ocean ridge tholeiites. It is clear that the rare earth element content of the
nunatak samples resembles closely that in the nephelinites analysed by Kay & Gast
(1973) and are quite distinct from the other groups plotted. These authors inter­
preted their resuits to indicate that the nephelinites arose by small degrees of
partial melting (c. 1%) at a rather deep level in the mantle. This would be consis­
tent with the peripheral location of these rocks with respect to the areas of vol­
uminous tholeiitic volcanism to the east as the zone of partial melting here would
be expected to lie at a deeper level. However, other interpretations are possible,
including mantIe inhomogeneity (e.g. Beswick, 1976) as possibly suggested by the
Sr isotopic compositions (see below). A thorough discussion of the origin of
nephelinites is, however, beyond the scope of this investigation.

Sr isotopes are also reported for some of the nephelinite samples in table 11.
They are variable and somewhat higher than values reported for fresh basalts from
oeeanic areas, but within the range of values found in mantle-derived rocks. The
variability, which is well outside analyticaI error, may possibly be caused by crustal
contamination but mayaIso refleet variability in the source regions of the magrnas.
Similar results have been obtained by Bell & Powell (1969) for African nepheli­
nites.



25

The nepheline hawaiites differ strongly from the nephelinites in their much lower
contents of transition elements, suggesting that they have experienced fractiona­
tion of ferromagnesian phases. In terms of LIL elements, they do not differ greatly
from the nephelinites.

Summary and conc1usions

On the nunataks beyond the head of Kejser Franz Josephs Fjord are exposed the
remnants of a suite of highly alkaline basic lavas whieh are approximately contem­
poraneous with the voluminous tholeiitic plateau basalts of the coastal region.
Recent discoveries, cited earlier, of alkaline lavas overlying the tholeiites in the
coastal region and compositional similarities between these upper lavas and the
least basic vo1canics of the nunatak region suggest that a more or less eontinuous
alkaline vo1canism once extended from the eontinental margin several hundred
kilometres inland to the nunataks along the inland ice. Nephelinites, however, have
not been found nearer to the coast than about 100 km, and the same is true of the
Kangerdlugssuaq distriet about 600 km to the south. It therefore appears probable
that the nephelinites constitute a small volume, highly undersaturated flank aetivity
sueh as that around the swell struetures of the African rift (e.g. Williams, 1971) or
the late stage nephelinites found on certain vo1canic islands, notably the Hawaiian
archipelago (e.g. Macdonald & Katsura, 1964).

Another factor which should be considered is the relationship to the present Jan
Mayen centre. The island of Jan Mayen, situated about 10° to the east of the area
treated here, lies on a major fraeture zone (Johnson & Heezen, 1967) which, if
prolonged, passes into Kejser Franz Josephs Fjord, a major topographie feature. It
is therefore possibie that this fraeture is somehow related to the vo1canic activity in
the inland area in the manner doeumented for many fraeture zones including this
one by Sykes (1978). This possibility gains some support from the faet that there is
a broad petrological similarity between the nunatak lavas and those of the much
more recent Jan Mayen (Hawkins & Roberts, 1972). On Jan Mayen ankaramites
are abundant and, although generaUy much less undersaturated than the rocks
described here, carry abundant xenocrystie material including chromian diopsides
very similar in composition to that of the nunatak region. Similarly, the phenocrysts
of brown salite are similar to the phenocrysts reported here. However, any connec­
tion between Jan Mayen and East Greenland nunatak region remains speculative.

More specifically, this new collection shows that the Tertiary nunatak rocks vary
substantially in composition and include (a) highly undersaturated, perov­
skite-bearing nephelinites with MgO contents and other chemicaI features
transitionaI towards kimberlites, (b) less magnesian, strongly undersaturated
nephelinites, (c) less silica undersaturated, pyroxene-rich basanitoids which may
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contain phonolitic residual glass, and (d) nepheline hawaiites with a much more
evolved composition and containing pseudomorphs after kaersutite.

. The perovskite-bearing nephelinites are devoid of cognate inc1usions or obvious
non-equilibrium phases and may be primary magmas. All other types include
several non-equilibrium phases suggestive of a complicated history. Our
observations are reinforced by those ofKatz (1952 a) who reported, in addition to
a similar variety of matic rocks, highly differentiated phonolitic dykes.

It is not the purpose of this paper to speculate on the petrogenesis of these rocks;
but a similar spectrum in which highly undersaturated mafic lavas are prominent is
commonly observed in alkaline, intra-cratonic volcanic provinces, and the reader is
referred to a recent paper by Brey (1978) for a summary of such occurrences and a
discussion of their petrogenesis.
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