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Abstract: Migmatitic gneisses of the Ser Rondane Mountains east of Byrdbreen (26°30-28°E) were affected by
three metamorphic events. Four biotite (Bt) quartzofeldspathic gneisses from the dominantly amphibolite-facies
northern and central parts of the area and a clinopyroxene-orthopyroxene-plagioclase (Px) gneiss from a granulite-
facies patch in the southern part were analyzed. Zircons from the Bt gneisses are mostly clear and euhedral, but a small
component of opaque, cracked zircon is also present. U-Pb data from both the clear and opaque grains fall on the same
line, which is interpreted as a mixing line with an upper intercept at 1110 Ma and a lower intercept of 458 Ma. Whole
rock Sm-Nd depleted-mantle (Tpy) ages for three Bt gneisses and the Px gneiss are 990—1550 Ma, whereas Pb isotope
compositions of K-feldspar in all four Bt gneisses yield model ages ranging from 1.05 to 0.78 Ga. The geochronologic
data suggest that there was little crustal prehistory prior to the earlier, largely granulite-facies event interpreted to be
at about 1 Ga. The lower intercept age of 458 Ma and internal Rb-Sr isochron ages of 457479 Ma are interpreted to
date the later, pervasive amphibolite-facies metamorphism and associated migmatization. Comparison of our data
with previous studies elsewhere in the Sor Rondane Mountains suggests that the amphibolite-facies event is roughly
coeval with plutonic activity in the northern Ser Rondane, whereas the 1 Ga event is probably the same as the granulite-
facies event at Brattnipane (100 km to the west). This event is coeval with Late Proterozoic metamorphism elsewhere
in East Antarctica (e.g. Rayner complex), Vijayan Group in Sri Lanka, and with the Kibaran orogeny in the
Mozambique Province of southern Africa.
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The high-grade metamorphic rocks of Queen Maud Land, Vesthjelmen
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The present paper reports geochronologic data on samples
collected during the 29th Japanese Antarctic Research
Expedition (JARE-29) in 1988 in the eastern Ser Rondane
Mountains (Fig. 1). The results point to events in the Late
Proterozoic and Early Paleozoic; these are coeval with
events elsewhere in East Antarctica and neighboring parts of
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Fig. 1. Schematic geologic map of the ice-free areas of the Ser 700 1 , ]

Rondane Mountains east of Byrdbreen (simplified from Asami et 15’ 27°F
al., 1989). The numbers for the samples analysed in this study are L L
identified by the last four digits; all are prefixed EG8801. Firlingane

refers to the four nunataks between Bulken and Hesteskoen. Fig. 1.
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Geologic Overview

The Ser Rondane Mountains east of Byrdbreen (26°30-
28°E, Fig. 1) are underlain by polymetamorphic, amphibo-
lite- to granulite-facies migmatitic rocks that are part of East
Antarctic Precambrian shield (e.g. Van Autenboer, 1969;
Kamenev, 1987; Asami et al., 1989). The geologic history
of the eastern Ser Rondane Mountains deduced from field
and laboratory studies during JARE-29 has been summa-
rized by Asami et al. (1989, 1991) and Grew et al. (1989) as
follows:

1)Deposition of sedimentary and volcanogenic rocks into
which ultramafic rocks were emplaced, possibly as tectoni-
cally inserted mantle fragments. No evidence has been
found of the basement on which these rocks were deposited.

2)Plutonic activity, including gabbroic and possibly pi-
geonite-bearing intrusions and mafic (presently garnet-
bearing) dikes (northern Austhamaren, northwestern Balchen
Mountain, Hesteskoen).

3)Upper amphibolite-facies (Vesthjelmen to Serhjelmen
only) to granulite-facies metamorphism with prograde path
at pressures above 4 kbar and peak conditions estimated to
be P>0.7 GPaand T =700-750°C and recumbent isoclinal
folding.

4)Igneous activity resulting in (presently biotitic) dikes
throughout the area.

5)Amphibolite-facies metamorphism and migmatization,
which overprinted the area except for northern Austhamaren
and patches in southern Balchen Mountain. This event was
accompanied by large-scale open folding and faulting.

6)Plutonic activity, including diorite (Firlingane) and
granitic dikes.

7)Greenschist-facies metamorphism and emplacement of
quartz veins with druses.

Description of the Samples

Sampling procedure

For the purposes of the geochronologic work, we selected
samples that were rich in K-feldspar, as these rocks tend to
be the richest in Rb and zircon. Other criteria were homoge-
neity and fresh appearance in the field. We made no attempt
to be systematic because of the reconnaissance nature of this
study. The main aim was to obtain preliminary data that
would constrain possible ages for the events outlined in the
geologic overview and that could be used as a basis for
future studies. We realize that systematic sampling using
drilling and other specialized equipment in the field would
be necessary to fully characterize the geochronologic evo-
lution of a complex polymetamorphic terrain such as the
eastern Ser Rondane Mountains.

Biotite gneiss

Samples of biotite gneiss were collected at Hesteskoen,
Firlingane, Balchen Mountain, and Serhjelmen (Fig. 1). The
relatively monotonous mineralogy dominated by feldspar,
biotite, and hornblende suggests that the gneisses have a
volcanogenic precursor (see Asami et al., 1989). All the
samples have an amphibolite-facies mineralogy, although
associated rocks at the Hesteskoen locality have retained
relict orthopyroxene.

Sample EG88011109 is a pinkish gray biotitic
quartzofeldspathic gneiss associated with biotite-hornblende
plagiogneiss in the eastern part of Hesteskoen. The
plagiogneiss is veined and both hornblende and feldspar
locally form porphyroblasts. Lenses of amphibolite (to 0.5
m) locally contain garnet and orthopyroxene. The analysed
gneiss contains microcline, the dominant feldspar, and pla-
gioclase is in part myrmekitic (Table 1).

Table 1. Minerals in the biotite gneiss and pyroxene-plagioclase gneiss.

Biotite

Gneiss Px-PI Gneiss

EG8801- 1109 1202

1319 2804 2105

Quartz X X
K-feldspar X X
Plagioclase X X
Garnet -
Pyroxene
Homblende
Cummingtonite
Biotite
Muscovite
Chlorite
Allanite
Epidote
Apatite

Zircon

Opaque oxide
Other (all T)
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Note: Sample 1202 was collected from same locality as analysed sample 1212. Opaque oxide is
probably magnetite, but ilmenite may also be presentin 1109 and 2804. Abbreviations: Cc-calcite, Mz-
monazite, Pl-plagioclase, Px-ortho- and clinopyroxene, Tn-titanite; X-present in amounts estimated

visually to be >1 modal %, T-trace amount.
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Sample EG88011212 was collected from gray, well-
layered hornblende quartzofeldspathic gneisses at one of the
four nunataks collectively referred to as Firlingane. Me-
dium-gray layers a few centimeters to a meter or more thick
alternate with leucocratic layers mostly >1 m thick, but finer
layering (mm-cm scale) is also present. The gneisses are cut
by small shear zones in which the foliation has been dragged.
These shears are related to the amphibolite-facies metamor-
phism and associated faulting, that is, to event 5 in the
geologic history outlined above. A thin section was not
prepared of the analyzed sample, but of a smaller piece
collected from same rock type and within a few meters of the
site from which the analyzed sample was taken. The sec-
tioned rock contains dominant microcline and subordinate,
in part myrmekitic, plagioclase (Table 1); epidote, musco-
vite, and chlorite are secondary, the last locally having
formed from biotite.

Sample EG88011319 is pink-gray leucocratic
quartzofelspathic gneiss that alternates with gray horn-
blende-biotite plagiogneiss in layers one to several meters
thick in a band mapped as migmatite at the northern end of
Balchen Mountain. Mafic lenses not exceeding 1 m are also
present. The pink-gray gneiss contains dominant microcline,
subordinant plagioclase (in part myrmekitic), biotite and
garnet in traces. Biotite is less fresh than in the other
samples. Roughly 15% of the biotite flakes in thin section
show partial replacement by chlorite. Partial alteration of
biotite to an unidentified brown material is more wide-
spread, whereas its alteration to secondary muscovite is less
s0. The analyzed mineral concentrate was estimated to
contain 95% fresh biotite; a few flakes of chlorite were also
present.

The dominant rock type at the north end of Serhjelmen is
a gray, well-layered hornblende-biotite plagiogneiss. Lay-
ers are 1-several cm thick. The plagiogneiss contains lenses
up to a few meters thick of clinopyroxene-bearing amphibo-
lite, and it is cut by pegmatitic veins that are associated with
the amphibolite-facies event (no. 5, above). The analysed
gneiss (EG88012804) forms a lens up to 1 m thick in the
plagiogneiss. Itis also gray, but differs from the plagiogneiss
in that homblende is absent and microcline is present;
modally it is more abundant than plagioclase (Table 1).
Biotite is lightly chloritized. Secondary muscovite and epi-
dote are rare.

Pyroxene-plagioclase gneiss

Rocks in the most westerly patch mapped as charnockitic
gneiss at the southern end of Balchen Mountain (Fig. 1)
include well-layered pyroxene granulite and quartzofeld-
spathic gneiss. Minor garnet granulite and, locally, marble,
are found in the pyroxene granulite. Cross-cutting pegmatites
contain orthopyroxene. The analyzed sample (EG88012105)
is a well-lineated relatively mafic rock in a lens about 1 m
thick. The host rocks to the lens were for the most part deeply
weathered and thus not suitable for isotope analyses. The
mafic minerals in the lens form elongated aggregates be-
tween which is yellow-brown plagioclase. Primary mafic
minerals are clinopyroxene, orthopyroxene, brown horn-
blende, and biotite, whereas blue-green hornblende and
cummingtonite have formed from breakdown of pyroxene
(Table 1). This assemblage is granulite-facies in which the
amphibolite-facies overprintisrelatively weakly expressed.
The precursor to this rock could have been volcanogenic,
and its precursor was undoubtedly more mafic than those for
the biotite gneisses.

Geochronology

Methods

Allisotope ratios were measured on a Finnigan MAT 261,
9-collector mass spectrometer. Sr ratios were normalized to
88Sr/86Sr = 8.3752 and Nd ratios to 146Nd/1#4Nd=0.7219. A
fractionation correction of 0.145% per a.m.u. was applied to
Pb. Weights of analyzed zircon ranged from 0.5 to 4 mg. The
zircons were decomposed by standard methods in steel-
jacketed teflon capsules at temperatures >200°C. Ion ex-
change techniques were also performed by standard meth-
ods. Spikes were 87Rb, #Sr, 145Nd, '49Sm, 295Pb and 235U.
Blanks were 0.2 ng Rb, 0.5 ng Sr, 0.4 ng Nd, 0.1 ng Sm, 0.03
ng Pb and 0.01 ng U.

The tabulated ratios were corrected for blanks and frac-
tionation. Data were reduced by the GEODATE package
(Eglington and Harmer, 1991).

Feldspar fractions analyzed for Rb-Sr comprised a so-
called K-feldspar fraction, which floated in a liquid of
density 2.60 g/cm?, and a plagioclase + quartz fraction,
which sank in the same liquid. The latter may have also
contained some composite grains contaminated with K-
feldspar.

Table 2. Samarium and neodymium concentrations and isotope ratios of whole rocks.

Sample Sm Nd 47Sm 5Nd Tom
ppm ppm 144Nd 144Nd Ga
Biotite quartzofeldspathic gneisses

EG88011109 1.55 7.48 0.1250 0.51213(1) 1.55
EG88011212 2.90 18.7 0.0935 0.51218(2) 1.08

EG88011319 4.81 14.2 0.2044 0.51275(1) -
EG88012804 1.80 10.9 0.0996 0.51211(1) 1.22

Pyroxene-plagioclase gneiss

EG88012105 3.67 12.8 0.1736 0.51277(1) 0.99

Note: The standard error for the Nd ratio is given in parentheses.
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