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The results of maceral group analysis and rank determination under the microscope have
also been obtained for five coal samples. The samples are very rich in vitrinite and poor in
inertinite. The content of separated minerals at a density of 1.9 g/ml is high. The rank
determinations were made by measuring the averange reflectance on vitrinites. The range of
reflectance values is between 0.42% and 0.49% R m •

The preliminary chemical analyses and petrographic studies suggest that the coal of
Nugssuaq is of low rank, high volatile, bituminous evariety.
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Chromium-rich sapphirine from the Bjørnesund area, southern
West Greenland and its bearing on the conditions of crystallisation

of the Fiskenæsset anorthosite complex

C. R. L. Friend and D. J. Hughes

Windley et al. (1973) have postulated that the Fiskenæsset anorthosite complex crystal­
Iised under conditions of high water vapour pressure. This hypothesis readily explains sev­
eral of the distinct characteristics of the complex. In particular, the late precipitation of
chromitite layers towards the top of the complex in the anorthosite sensu stricto (Ghisler &
Windley, 1967) is not normally expected in large layered intrusions (Wager & Brown,
1968), and is explained because the early precipitation of chromite is suppressed under such
conditions (Shiraki, 1966). AIso, Windley et al. (1973) have suggested that chromium am­
phibole, rather than pyroxene, was precipitated in association with the chromite as a direct
consequence of the enrichment of volatiles in the upper parts of the intrusion.

During the mineralogical investigation of samples coIlected from a site north of Bjør­
nesund (Fig. 14), at the intrusive, upper contact of the Fiskenæsset anorthosite complex with
supracrustal rocks which contain aluminous ultramafic bodies (Friend & Hughes, 1977),
evidence has come to light which directly supports the elevated water vapour pressure
hypothesis.

At this locaIity, where the aluminous uItramafic rocks are in contact with and engulfed by
the intrusive anorthosite, a reaction has occurred to give an extensive development of the
Mg-AI-rich minerals sapphirine and kornerupine. The sample GGU 149434 was selected
for investigation because it contains purpie and maroon colour-zoned sapphirine, with
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Fig. )4. Simplified geological map af the contact zone S110W­

ing (he location uf GGU 149434 (arro\\,') and the ultramafic
bodics. lIlser. Location of the intrusivc anorthosite contact
::lnd thc rcaction rocks north af Bjørnesund. Key is elle same

as the main figure.
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rounded inc1usions af ruby corundum and red spinet, co-existing with apple-grccn am·
phibo1c. Plates af phlogopite and minor amounts af opaque iron oxidc complcte the mineral
assemblage. This rock is thought to have devcloped by the reaction of the aluminous ul­
tramafic rocks and the anorthosite magma (Friend & Hughes, 1977). The u!tramafic rocks
away from the contact, wilich have not rcactcd, have been the subject af miner(ll and
whole-rock chemicaI studies and have "een found to contain relative ly Iowamounts af
Cr 20 J . It would be expected, thcrefore, that if the aluminuus, er-poar ultramafic materia!
had reacted with anorthosite magma under conditions of low water vapour pressure, Cr203

SilOUld be a minur constituent in the minerals resulting from this reaction. The analyses
prcscnted in Table 4 show that this is not the case. The sapphirincs, which are the most
Cr-rich sapphirines yct reported in the literature, are accompanied by chrome-rich mag­
nesio-cumnlingtonite (using the new amphibole nomenclature uf Leake, J978),
chromc-corundum, chrome-rich magnesium spinel and clll'ome-bearing phlagopite. Thc
Cr 20 3 content af these mineral phases accounts for their unusually streng coloration. It
follow5, therefore, that Cr 20:3 has been acquircd during the reactions forming the new
mineral assemblage. The implications of this are that the sourec af the er 20) was the
anorthosi1c magma w1th which the a\uminous ultramafic rock~ were reacting.

This supporlS the suggestion af Windley el al. (1973) that if the \Vater vapour pressure was
high during the time of the emplaeement of the anorthosite magma CrJ + was prevented from
participating in any uf the crystallising mineral phases. Therefore, Cr:3+ WQuld be prefcren­

tiaIly retained in the liquid to precipitate out latc in the massive chromitites contained in Ihe
anortbosite unit fOv,:ards tbe top of the intrusion. This would allow the aiuminuus ultramafic
roeh at the upper contact which were reacting with the volatiles to pick up Cr3+ from the
magma as crystallisation proceeds. This process will bc cnhaneed if the minerals which were
forming have suitable si1CS available for occupation by Cr3 +. In the alumillous u!tramafic
rocks the mineral that is reacting to give rise to the sapphirine is an Mg-Al spinel (Friend &



Table 4. Representative eleetron-mieroprobe analyses of er203-rieh sapphirine
and eoexisting mineral phases from a

sapphirine-magnesio-eummingtonite-eorundum-spinel-phlogopite roek from north
of Bjørnesund, Fiskenæsset region

Sapphirine Magnesio-cummingtonite Phlogopite Spinels Corundum

10 13 29 30 10 11

Si02 11.7 11.9 11.0 12.3 11.40 Si02 46.7 48.3 47.5 Si02 40.8 39.1 Si02 n.d. 0.17 SiOZ n.d. n.d.
AIZ03 63.2 60.7 63.6 60.9 61.70 TiOZ 0.15 0.12 0.16 noz 1.80 0.65 AI203 47.2 46.90 Al203 94.9 97.30
er203 5.16 7.11 5.58 6.43 7.40 AI203 18.0 17.5 17.0 AI203 17.3 18.1 erZ03 26.3 26.80 0-20 3 ...!a ....bM
FeD· 0.50 0.55 0.49 0.69 Q.91 erZ03 1.22 1.28 0.88 erZ03 0.96 0.70 FeO· 4.08 4.26 99.56 100.28
MnO n.d. n.d. 0.13 n.d. 0.15 FeO· 1.30 1.23 1.35 FeO* 0.53 0.53 MnO n.d. 0.18
MgO 19.0 19.2 18.6 ruL 18.60 MgO 27.0 27.0 27.4 MgO 25.0 23.6 MgO 22.7 22.70

99:56 99:36 99AO 99.92 iOC>.16 NiC n.d. 0.14 n.d. NiD n.d. n.d. iOii:2ii 101.01
CaO 0.48 0.66 0.57 CaO 0.10 0.09

20101 Na20 1.21 1.47 1.30 NaZO 0.84 0.95 32(0)

SI 1.371 1.414 1.302 1.444 1.348 K20 -!!& ~ ...!1SL K20 .Jill. 6.84 SI 0.036
Aliv 4.629 4.586 4.698 4.556 4.652

96.06 97.56 95.96 93.03 9Q.56 AI 11.117 11.597
Alvi 4.139 3.894 4.158 3.910 4.6S2

23101 221O)
C, 4.388 4.436

C, 0.480 0.667 Q.521 0.599 0.690 Fe 3 +
Fe 3 · 0.010 0.025 0.019 0.045 0.021 SI 6.323 6.432 6.424 SI 5.688 5.623 Mg 7.123 7.097
Mg 3.336 3.398 3.269 3.445 3.274 AI iv 1.677 1.568 1.576 AliY 2.312 2.377 Fe 2+ 0.718 0.746
Fe 2 • 0.039 0.Q29 0.029 0.023 0.069 AIVi 1.193 1.182 1.135 Alvi 0.535 0.688 Mn 0.032
Mn 0.013 0.Q15 C, 0.130 0.135 0.093 Cr 0.106 0.079

r; 0.015 0.012 0.016 r; 0.113 0.071
Fe 2 + 0.147 0.137 0.152 Fo2+ 0.062 0.064
NI 0.015 Ni
Mg 3.515 3.519 3.604 Mg 5.205 5.059
Mg 1.934 1.838 1.905 Ca 0.Q15 0.014
Ca 0.069 0.094 0.082 Na 0.228 0.263
Na 0.068 0.013 K 1.142 1.255
Na 0.316 0.311 0.328

Sample GGU 149434.
Fe 3 + has been calculated by allocating the ions stoichiometrically according to the• All Fe calculated as FeO.

methods af Higgins et al. \ 19791.
n.d. not detected; thirteen elements were sought: Si. Al. Ti, Fe, Mn. Mg. Ni. Cr. V. lo. Ca. Na. K. ...<;:I!i"

The assistance af J.V.P. lang and P. Treloar at the Department af Earth Sciences at Cambridge University is
grdtetullyacknowledged.
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Hughes, 1977). In sapphirine sites which ean become available for occupation by Cr3+ may
be created by an AI3+ to Cr3+ substitution during the formation of the sapphirine.

This detailed mineralogical work on reaction rocks produced at the contact of the anor­
thosite complex provides corroborative evidence for conditions of high water vapour pres­
sure during the crystallisation history of the Fiskenæsset anorthosite complex.
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Thorium-uranium mineralisation in the vicinity of the
Igdlerfigssalik centre of the Igaliko Complex, South Greenland

Agnete Steenfelt and Tapani Tukiainen

The existence of radioactive rocks in the area south of the Igdlerfigssalik centre of the
Igaliko nepheline syenite complex has been known since 1962 (S. Andersen, personal
communication). Reconnaissance radiometric investigations on the ground and from a
helicopter in 1979 and 1980 revealed a large number of occurrences of radioactive
mineralisation. The characteristics of the mineralisation are briefly described.

Geology

The area is under1ain by the Proterozoic 'Julianehåb Granite' (1810-1770 m.y.; van
Breemen et ai., 1974) which during the Gardar period (1330-1150 m.y.; Emeleus & Upton,
1976) was faulted and intruded by numerous ENE-trending dykes, and the emplacement of


