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Minor-metal reconnaissance survey
related to possible resources in the

Dufek Intrusion
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approaches that of South Africa's resource-rich (von
Gruenewaldt 1977) Bushveld Complex makes this speculation
even more attractive.

As part of a continuing petrologic study (with C. R. Him-
melberg of the University of Missouri), a reconnaissance geo-
chemical survey of minor metals of possible resource interest
(table) has been made, including the platinum-group elements
(PGE) platinum (Pt), palladium (Pd), and rhodium (Rh) that are
not shown averaged in the table because of the many results
below limits of determination—Pt, 10 parts per billion (ppb);

The geology of the Dufek Intrusion (82°30'S 50°W), a differen-
tiated layered mafic igneous complex of Jurassic age in the
northern Pensacola Mountains (Ford 1976), was studied by U.S.
Geological Survey field parties in the 1965-1966, 1976-1977, and
1978-1979 summers. Of a total 8-9 kilometers estimated thick-
ness, about 1.8 kilometer of a lower (but not the lowest) part is
exposed in Dufek Massif (Ford, Schmidt, and Boyd 1978) and
about 1.7 kilometer of the highest part is exposed in the For-
restal Range (Ford et al. 1978). Major unexposed stratigraphic
parts are a 1.8-3.5-kilometer-thick basal part beneath the Dufek
Massif section and a 2-3-kilometer-thick interval beneath Sallee
Snowfield between the two exposed sections. Preliminary pet-
rologic studies [including electron microprobe analysis of the
chief cumulus minerals, plagioclase (Abel, Himmelberg, and
Ford 1979), calcium-rich and calcium-poor pyroxenes (Him-
melberg and Ford 1976), and iron-titanium oxides (Himmelberg
and Ford 1977)] show compositions and variations approximat-
ing those at inferred equivalent intervals in other complexes of
this type. Characteristic chemical trends are enrichment of iron
in pyroxenes and of albite in plagioclase with increasing strati-
graphic height. In exposed parts, conspicuous mineralogical
differences from other differentiated complexes are the absence
of cumulus chromite and magnesian olivine. Aughenbaugh's
(1961) reported occurrences of the minerals are probably in
xenoliths (see Himmelberg and Ford this issue). Cumulus oc-
currences of the minerals may exist at depth, however, as pe-
trologic comparisons with other complexes, including use of
cumulus arrival of pigeonite as a correlation marker, suggest
that the Dufek Massif section lies above analogous sections
containing them in the other complexes (figure 1).

Mafic layered intrusions are well known for their variety of
economically significant metal deposits generally in lower strat-
igraphic parts and associated with early crystallized mafic and
ultramafic cumulates (Wilson 1969). The Dufek Intrusion ac-
cordingly has attracted considerable speculation on its possible
resources (Lovering and Prescott 1979; Runnells 1970; Zum-
berge 1979; among many others). Behrendt's et al. (1980) deter-
mination that its size (in excess of 50,000 square kilometers)
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Figure 1. Possible stratigraphic comparison between lower parts of
the Bushveld and Dufek Intrusions. Modified from Ford et al. (in
press). Bushveld from Wager and Brown (1967). A and B show
Behrendt's et al. (1974) estimated limits (1.8-3.5 kilometers) for
thickness of the concealed basal section of the Dufek Intrusion.
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Averages of minor-element abundances, Dufek Intrusion, in parts per million

Section	Rock types

Upper	granophyre
(Forrestal
Range)	cumulatesa

Lower
(Dufek	cumulatesa
Massif)

Number	Cu	Co

2	34	8

9	400	63

13	29	50

	

Cr	Ni	V	 Ti	 S

	

2	<2	11	6.8x103	135

	

22	51	820	25.7x 103	720

	

174	76	198	2.0x 103	29

aincludes cumulates of gabbroic, anorthositic, and pyroxenitic composition.

Pd, 4 ppb; and Rh, 5 ppb. Twenty-four analyzed rocks from
stratigraphic levels representing a broad spectrum of differen-
tiation stages include gabbro, anorthosite, pyroxenite, and gra-
nophyre. A few atypical samples contain up to about 3 percent
visible sulfides. Details of procedures and sample materials are
given in Ford et al. (in press).

Concentrations of the minor metals vary widely. Most show
close correlation with modal content of either pyroxenes or
iron-titanium oxides (figure 2). Strong positive correlations with
stratigraphic height imply that copper, vanadium, and titanium
were enriched during differentiation by fractional crystalliza-
tion. Variations with height for other elements are more irreg-
ular, but differences in concentration ranges and averages be-
tween the two exposed sections suggest enrichment also in
sulfur and cobalt and depletion in chromium and nickel related
to differentiation. Similar variations are found in other layered
intrusions (Wager and Brown 1967). The PGE also seem to show
differentiation-related enrichment. They have been found only
in amounts near or below limits of determination in the lower
section but in greater amounts, up to 35 ppb platinum, 44 ppb
palladium, and 12 ppb rhodium, in the upper section.
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Basal parts of similar complexes are of greatest interest for
resources such as PGE, chromium, nickel, and copper, but metal
concentrations also occur in higher parts (Wilson 1969; von
Gruenewaldt 1977). The pyroxenitic Merensky Reef of the Bush-
veld Complex is a leading producer of PGE and chromite ores
and therefore pyroxenite layers of the Dufek Intrusion might be
attractive exploration targets. However, we have not found them
to contain anomalous metal values. Figure 1 suggests they lie at
a position analogous to a level about 2 kilometers or more above
the Merensky Reef. PGE abundances determined in this study
(Ford et al. in press) are comparable to those in typical rocks
above the Bushveld's Merensky Reef reported by Page et al.
(1982). As in the Bushveld above the Merensky, larger amounts
of PGE are found in rocks containing abundant magnetite and
associated sulfides.

Although results to date have not yielded indications of metal
concentrations of possible present utility, the probability for a
chance discovery by this reconnaissance survey would be
slight, even if the concentrations exist. Most deposit types
known in similar complexes (Wilson 1969; von Gruenewaldt
1977) must be considered as possibilities (speculative resources)
in view of the immense area of concealed rock (particularly
basal units), the small number of analyzed samples, and ab-
sence of studies directed toward a search for minerals. Antarctic
operating costs would probably limit primary utility to mate-
rials having high unit value, such as PGE., but PGE utilization
might benefit recovery of others. Lacking river activity in this
area, traditional methods of prospecting for platinum-group
minerals by tracing alluvial placers or other surficial occurrences
by panning back to lode sources, as in the discovery of the
Merensky Reef, would not be possible. If prospecting does
someday take place, perhaps using geochemical methods, the
correlations in figure 2 suggest that vanadium might be a useful
pathfinder element for the platinum-group minerals in exposed
parts of the intrusion. Different correlations, perhaps with
chromium, would be expected in the concealed basal part.

This research was supported in part by National Science
Foundation grants DPP 77-22765 and DPP 80-20753.
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The Schirmacher Hills (70045S 11°50'E) are a coastal exposure
of the Precambrian crystalline basement of Queen Maud Land
(Ravich and Kamenev 1975; Ravich and Soloviev 1966). Mount
Stinear (73'7'30"S 66°15'E) in the southern Prince Charles
Mountains is composed primarily of a granitic and gneissic
basement complex and of an amphibolite-facies metasedimen-
tary cover of Precambrian age (Tingey 1982; Grew 1982). We
report here uranium/thorium/lead (U/Th/Pb) data on 3 samples

collected in the Schirmacher Hills and at Mount Stinear in 1973
and 1974 when Grew participated in the 18th and 19th Soviet
Antarctic Expeditions (SAL) as U.S. exchange scientist. To the
authors' knowledge, the only other radiometric data reported
from these areas [aside from brief mention in Grew (1982; in
press) of the U/Th/Pb data to be presented here] are potassium/
argon (K/Ar) dates from central Queen Maud Land (0-20°E)
(Ravich and Soloviev 1966), and a rubidium/strontium (Rb/Sr)
date of 2,580 million years from Mount Stinear (Tingey 1982).

The Schirmacher Hills in the vicinity of the Soviet Station
Novolazarevskaya are underlain by metamorphic rocks consist-
ing largely of sillimanite-garnet gneiss, garnet-biotite gneiss,
mafic granulite, minor calc-silicate granulite and marble, and
rare sapphirine-garnet-hiotite granulite (Grew in press). These
rocks were metamorphosed in the granulite facies and subse-
quently in the amphibolite facies. Pegmatites containing al-
lanite and tourmaline were emplaced during the amphibolite-
facies event, and mafic dikes were emplaced both before and
after the amphibolite-facies event.

Samples analyzed for U/Pb/Th isotopes from the Schirmacher
Hills are 378X, a metamict allanite from pegmatite, and 39513,
zircons from a quartzo-feldspathic gneiss containing unaltered
garnet, biotite, and hornblende; and accessory apatite, opaque,
calcite, and optically active allanite. Biotite forms clots of flakes
in random orientation. This texture and the absence of pyrox-
ene suggests that the gneiss had completely recrystallized dur-
ing the amphibolite-facies event. In thin section, zircon crystals
are commonly euhedral and some have cores. The analyzed
zircons are clear and subhedral to euhedral. Cores were not
apparent. Two size fractions were analyzed: 100-200 mesh and
less than 200 mesh.
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