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Summary Zircons from charnockite-enderbite rocks (Aker Peaks, Napier Mountains), which we have dated by
SHRIMP-II, were analyzed earlier by conventional multigrain U-Pb ID-TIMS methods (Belyatsky et al., 1990) but gave
equivocal ages. This study shows that the optimal way to evaluate geologic events in such rocks is local ion-probe
analysis of complex zircons with preliminary study of CL, BSE, REE patterns. Due to this approach we have obtained,
for the first time, reliable ages of magmatic crystallization for studied charnockite-enderbites (3620 ± 30 Ma) and the
age of the primary enderbite’s protolith (3950 – 3970 Ma). Moreover, in all dated zircons a metamorphic event of 2450
– 2480 Ma is clearly recorded that is in agreement with the granulite-facies metamorphism described by many authors.
These conclusions coincide well with our Sm-Nd isotope data for these enderbite-charnockite gneisses.
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Introduction
The oldest rocks of the Earth are the unique source of information not only on the composition of the primary crust
but also the environmental conditions on the Earth in early Archean (redox state, the presence and composition of
atmosphere and hydrosphere, general temperature regime). One of unique objects is Enderby Land (East Antarctica).
For this place the oldest age data (≥ 4 Ga) for crystalline rocks of the Earth have been revealed (Sobotovich et al.,
1976). Further studies of Enderby Land different rock units are confirmed the oldest age of this crustal segment
(DePaolo et al., 1982; Black et al., 1986; Choi et al., 2006) as well as demonstrated the unique high-grade conditions (≥
1000ºС) during evolution of these rocks (Sheraton et al., 1987; Sandiford and Wilson, 1984; Harley and Motoyoshi,
2000). This could be due to increased heat flows in early Archean period or to very deep position of this segment within
crustal cross-section.
However, applying of modern high-precision/resolution local analytical techniques (like SIMS SHRIMP) for dating
the oldest stages of evolution is not simple. As it had been demonstrated in the study of zircon from Mount Sones
orthogneisses, Enderby Land (Williams et al., 1984), very local heterogeneity of zircon may be caused by complicated
multistage reaction of zircon crystalline structure on ultra-high temperature metamorphism, which took place at least
twice during the existence of Napier Complex and re-arranged all isotope-geochronological systems (McCulloch and
Black, 1984; Black, 1988). These events caused many reverse-discordant U-Pb age estimations and pseudo-concordant
ages which are not reflect the real geologic events. To solve this problem, some pre-analytical study of potentially dated
zircons, including geochemical micro-composition of zircons, zircon morphometric analysis and use of statistical
methods for outline of valuable ages were proposed by some authors (Harley and Black, 1997; Kelly and Harley, 2005).

Results and discussion
Geological structure of Enderby Land is described in detail elsewhere (Kamenev, 1972, 1975; Black and James,
1983; Sheraton et al., 1987). There can be distinguished early Archean Napier and Proterozoic Rayner rock complexes
comprising of tectonically dislocated and repeatedly metamorphosed gneisses of primary magmatic and sedimentary
origin. No original geological boundary between these two complexes has been found and primary relationships
between the rocks are overprinted by migmatization. At least two stages of high gradient granulitic metamorphism has
been distinguished for the gneisses of the Napier complex. The main tectonothermal events affected the complex at ca.
3000, 2900 and 2500 Ma ago, and the magmatic protolith of tonalitic orthogneiss is considered to be of 3800 – 3900 Ma
old (Harley and Black, 1997). The main uncertainties are the age of the first granulitic metamorphism which is
suggested to take place within the interval 3050 – 2850 Ma as well as the high temperature event around 2500 Ma
(Harley and Black, 1997; Kelly and Harley, 2005; Asami et al., 2002; Carson et al., 2002).
Systematization of previously revealed (Belyatsky et al., 1990) U-Pb ages of zircons from metamorphic rocks of
Enderby Land and model Sm-Nd ages for the precursors of these rocks (Fig. 1), allowed us to select a region in the
south-eastern part of the Napier Mountains characterized by oldest zircon and model Sm-Nd ages (≥ 3500 Ma). This
region (Aker Peaks, ~ 66º40'S, 55º20'E) is comprised of metamorphic rocks of layered series of Napier complex,
represented here by leucocratic garnet gneisses, quartzite–gneisses with layers and lenses of pyroxene gneisses and
crystalline schists with subordinated rocks of massive series (primarily magmatic rocks of tonalite – trondhjemite –
granodiorite composition): pyroxene–plagioclase schists, mesoperthite charnockites and enderbites. In the rocks of
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massive series there are
swarms of dolerite dykes, 1 to
20 m in thickness, which cut
different
gneisses
and
charnockites. The principal
feature of the massive
charnockite–enderbite gneiss
in this region is absence of any
signatures of migmatization
processes. Detailed description
of geological structure of the
Aker
Peaks
region,
metamorphic evolution of the
rocks
and
geochemical
characteristics can be found
elsewhere (Kamenev, 1969,
1972, 1975; Krylov and
Ustinov, 1994).
Samples studied in the
present work were selected in
the region of Aker Peaks
SAE
during
the
11th
(1965 − 1966) and represent
mesoperthite
charnockites
consisting of mesoperthite
feldspar (68 – 80 %), orthopyroxene
(2 – 14 %)
and
anorthite
(5 %),
partially
Figure 1. a – Location of the Aker Peaks area (rectangle); b – 207Pb/206Pb zircon
replacing
by
K-feldspar.
age distribution within Napier and Rayner Complexes of Enderby Land; arrows
Secondary minerals are quartz
and numbers mark main tectonothermal events and quantity of studied samples
(10 – 15 %), displacing Kcorresponding to these events; c – Nd isotope model age (against depleted mantle
feldspar and biotite (2 – 3 %),
source) distribution within Aker Peaks area.
after orthopyroxene.
For SIMS U-Pb dating we
have separated zircons from 8 charnockite samples. These zircons are sub-idiomorphic, originally prismatic, often
rounded with “melted” facets, from weakly colored to raspberry pink and brown, with elongation up to 2 − 2.5. Very
often zircon grains show heterogeneous (two or three phase) crystal structure (Fig. 2). Cores are irregular or oval in
shape, dark, not transparent; outer parts are thin zoned with regular birefringence and a number of dust-like inclusions.
Also, there are marked crystal parts represented by zoned, transparent, light colored, with low birefringence phases (Fig.
2). Heterogeneity of zircons is well-developed in CL and BSE images (Fig. 2) and indicates complicated crystallization
and recrystallization history of zircons. Practically all studied zircon grains show high U content (≥ 1000 ppm) which
explains dark CL-images and strong cracking of the grains.
On the early stages of the study we have analyzed some of charnockite zircon samples by conventional multigrain
U-Pb ID-TIMS method (Belyatsky et al., 1990) with application of preliminary air-abrasion treatment and separation of
the zircon substance with maximal density to get the non-disturbed zircon material. However, this approach did not
reveal age concordancy and colinearity. As a result, there was a lot of uncertainty in discordia construction and the weak
estimation of the zircon crystallization age by the upper discordia intersect of 3536 – 3792 Ma. Nevertheless, this has
stimulated the further investigations of zircons from the ancient rocks of Aker Peaks.
Our recent data demonstrate that the optimal way how to obtain the correct age of geological events – is the
preliminary investigation of zircons by means of CL, BSE, trace element composition and further collection of
cogenetic material groups, which permits traditional data evaluation through discordia diagram (Fig. 2).
Due to such approach we obtained, for the first time, the age of magmatic crystallization for charnockite gneisses
from the Napier Mountains (3620 ± 30 Ma granodiorite intrusion) and the time of protolith of these rocks formation of
3950 – 3970 Ma ago. This is supported by typical magmatic characteristics of dated zircons, like prevailing distribution
of simple prismatic forms and absence of so-called “granulitic” isometric, polyfacet forms, and high Th/U ratio (≥ 0.5),
which are usual for zircons from magmatic rocks. Nevertheless, the possibility of the early granulitic metamorphism at
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this time could not be totally excluded, in this case magmatic precursor of these charnockites could be intruded at 3950
Ma or, alternatively, almost simultaneously to granulitic metamorphism about 3620 Ma.

Figure 2. a – CL (top) and BSE (bottom) images of zircons from the studied charnockitic gneisses. Ellipses mark
location of analytical spots (SHRIMP), values are: 206Pb/238U age (Ma,1 sigma errors) and discordance degree, %D (per
cent); b – concordia plot for ancient zircons (SHRIMP-II) from studied samples, the age 3604 ± 13 Ma corresponds to
the best-fitted points (n = 8).
Important to note, that we did not found in U-Pb systems of the all studied zircons any records of the other (2850 –
3050 Ma old) high-grade granulite-facies metamorphic events, known for Napier Complex of Enderby Land and which
are considered by many researchers (Harley and Black, 1997; Kelly and Harley, 2005) as the main event for the whole
Enderby Land. At the same time in all samples there are clear marks of granulite-facies metamorphism of 2450 – 2480
Ma old (Asami et al., 2002; Carson et al., 2002). It is necessary to point out that in spite of the proximity of the studied
region to the boundary of the younger Rayner Complex, where the main event is Proterozoic metamorphism 1000 –
1200 Ma (Black et al., 1987), the studied zircons haven’t shown its influence upon the host rocks.
These conclusions coincide well with Sm-Nd isotope systematics of the studied charnockite-enderbite gneisses:
whole-rock (n = 20) isochron corresponds to the age 3629 ± 110 Ma and ε = +5.6, while mineral isochron, obtained on
the sample from which there had been extracted the ancient zircons, shows the age of metamorphic event 2451 ± 86 Ma
and ε = -12.2 (Fig. 3). This event is
also clearly evident from the
mineral isochron data for widespread rocks: garnet-bearing plagiogneiss (2416 ± 14 Ma, ε = -6.9) and
migmatitic gneiss (2468 ± 21 Ma, ε
= -4.4) (Fig. 3).
The last magmatic event in this
region, as mentioned above, was the
intrusion of dolerite dykes which
gave
combined
whole-rock +
plagioclase isochron corresponding
to 2349 ± 61 Ma (ε = -5.7). In
general, it supports once more
cratonization
of
the
Napier
Complex by this time. Initial
neodymium isotope composition of
Figure 3. 143Nd/144Nd vs. 147Sm/144Nd isochron diagrams for Archaean
the studied charnockites also
gneisses of Aker Peaks, Napier Mountains: a – whole-rock isochron for
supports the early Archean origin of
massive charnockite gneisses (n = 20); b – internal mineral isochron for
depleted (or highly depleted) mantle
charnockitic gneisses; c – mineral isochron for garnet-bearing plagiogneisses;
source
and
complementary
d – mineral isochron for migmatitic gneisses; e – combined whole-rock –
protocrust (Bennett et al., 1993;
plagioclase isochron for dolerite dykes.
Choi et al., 2006), at the same time
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mantle source for the dolerite dykes was similar to enriched subcontinental mantle. The variation of εNd from -12.2 up to
-4.4 for metamorphic rocks within Aker Peaks reflects its different primary composition and origin and in general also
evidences to long–lasted pre-metamorphic history of the protoliths of these rocks.

Conclusions
Detailed pre-analytical study of zircons from charnockite gneisses of Aker Peaks by different methods (CL, BSE,
REE composition) has allowed estimate the meaningful time of their crystallization by local isotope method SIMS
SHRIMP-II and revealing the oldest component, possibly of the primary crust, for this part of the Enderby Land. The
age of magmatic crystallization for precursors of the studied charnockites is 3620 ± 30 Ma and the age of their protolith
origin is 3950 – 3970 Ma. The main high-grade granulite metamorphic event in this region of the Napier Mountains,
which marked by all dated samples at the 2450 – 2480 Ma coincides well with the result of Sm-Nd mineral isochron
data for metamorphic minerals of charnockite gneisses. Intrusion of dolerite dykes which cut different gneisses in this
region took place at 2350 Ma ago that indicates cratonization of the Napier Complex at about 2400 – 2450 Ma ago.
Acknowledgements. This research was supported by RFBR grant N 07-05-00736a and by Federal Program “World Ocean” – subprogram
“Antarctica”. We thank all staff of the Laboratory of Isotope Geochemistry (IPGG RAS) for help in the first stage of this research, valuable and
stimulated discussion and all colleagues in the Center of Isotopic Research (VSEGEI) who conducted a lot of work in careful preparation of zircon
material and studied under different analytical devices.

References
Asami, M., K. Suzuki, and E. S. Grew (2002), Chemical Th-U-total Pb dating by electron microprobe analysis of monazite, xenotime and zircon from
the Archaean Napier Complex, East Antarctica: evidence for ultra-high-temperature metamorphism at 2400 Ma, Precambrian Research, 114,
249−275.
Belyatsky, B. V., D. P. Krylov, L. K. Levsky, and G. E. Grikurov (1990), Zircon geochronology of the granulite complexes of Enderby Land, East
Antarctica, Zbl. Geol. Paläont., teil 1, H.1/2, 1−18.
Bennett, V. C., A. P. Nutman, and M. T. McCulloch (1993), Nd isotope evidence for transient, highly depleted mantle reservoirs in the early history
of the Earth, Earth Planet. Sci. Lett., 119, 299-317.
Black, L. P., and P. R. James (1983), Geological history of the Archaean Napier Complex in Enderby Land, in Antarctic Geosciences, edited by R. L.
Oliver, and P. R. James, Cambridge University Press, Canberra, 11−15.
Black, L. P., I. S. Williams, and W. Compston (1986), Four zircon ages from one rock: the history of a 3930 Ma – old granulite from Mount Sones,
Enderby Land, Antarctica, Contrib. Mineral. Petrol., 94, 427−437.
Black, L. P., S. L. Harley, S. S. Sun, and M. T. McCulloch (1987), The Rayner Complex of east Antarctica; complex isotopic systematics within a
Proterozoic mobile belt, Journal Metamorphic Geology, 5, 1−26.
Black, L. P. (1988), Isotopic resetting of U-Pb zircon and Rb-Sr and Sm-Nd whole-rock systems in Enderby Land, Antarctica: implications for the
interpretation of isotopic data from polymetamorphic and multiply deformed terrains, Precambrian Research, 38, 355−365.
Carson, C. J., J. J. Ague, M. Grove, C. D. Coath, and T. M. Harrison (2002), U-Pb isotopic behavior of zircon during upper-amphibolite facies fluid
infiltration in the Napier Complex, east Antarctica, Earth Planet. Sci. Lett., 199, 287−310.
Choi, S. H., S. B. Mukasa, A. V. Andronikov, Y. Osani, S. L. Harley, and N. M. Kelly (2006), Lu-Hf systematics of the ultra-high temperature Napier
metamorphic complex in Antarctica: evidence for the early Archean differentiation of Earth’s mantle, Earth Planet. Sci. Lett., 246, 305−316.
DePaolo, D. J., W. I. Manton, E. S. Grew, and M. Halpern (1982), Sm-Nd, Rb-Sr and U-Th-Pb systematics of granulite facies rocks from Fyfe Hills,
Enderby Land, Antarctica, Nature, 298, 614−618.
Halpin, J. A., C. L. Gerakiteys, G. L. Clarke, E. A. Belousova, and W. L. Griffin (2005), In-situ U-Pb geochronology and Hf isotope analyses of the
Rayner Complex, east Antarctica, Contrib. Mineral. Petrol., 148, 689−706.
Harley, S. L., and L. P. Black (1997), A revised Archaean chronology for the Napier Complex, Enderby Land, from SHRIMP ion-microprobe studies,
Antarctic Science, 9, 74−91.
Harley, S. L., and Y. Motoyoshi (2000), Al zoning in orthopyroxene in a sapphirine quartzite: evidence for >1120˚C UHT metamorphism in the
Napier Complex, Antarctica, and implications for the entropy of sapphirine, Contrib. Mineral. Petrol., 138, 293−307.
Kamenev, E. N. (1969), Geological structure of the eastern part of Enderby Land, Annals of SAE, 50, Leningrad, USSR, 112−133.
Kamenev, E. N. (1972), Geological structure of Enderby Land, in Antarctic Geology and Geophysics, edited by R. J. Adie, Universitetsforlaget, Oslo,
579−583.
Kamenev, E. N. (1975), Geology of Enderby Land, Antarctica, Comm. Antarct. Res. Report, 14, Moscow, USSR, 34-58.
Kelly, N. M., G. L. Clarke, and C. M. Fanning (2002), A two-stage evolution of the Neoproterozoic Rayner Structural Episode: new U-Pb sensitive
high resolution ion microprobe constraints from the Oygarden Group, Kemp Land, East Antarctica, Precambrian Research, 116, 307−330.
Kelly, N. M., and S. L. Harley (2005), An integrated microtextural and chemical approach to zircon geochronology: refining the Archaean history of
the Napier Complex, east Antarctica, Contrib. Mineral. Petrol., 149, 57−84.
Krylov, D. P., and V. I. Ustinov (1994), On the origin of Archean charnockites at Aker Mountains (Napier Complex, Eastern Antarctica) based on
data of rock chemistry and oxygen isotope composition, Geochemistry International, 1, 14−23.
McCulloch, M. T., and L. P. Black (1984), Sm-Nd isotopic systematics of Enderby Land granulites and evidence for the redistribution of Sm and Nd
during metamorphism, Earth Planet .Sci. Lett., 71, 46−58.
Sandiford, M., and C. J. L. Wilson (1984), The structural evolution of the Fyfe Hills-Khmara Bay region, Enderby Land, East Antarctica, Australian
Journal of Earth Sciences, 31, 403−426.
Sheraton, J. W., R. J. Tingey, L. P. Black, L. A. Offe, and D. J. Ellis (1987), Geology of an unusual Precambrian high-grade metamorphic terrane –
Enderby Land and western Kemp Land, Antarctica, Bulletin BMR Australia, 223, Canberra, Australia.
Sobotovich, E. V., E. N. Kamenev, A. A. Komaristyy and V. A. Rudnik (1976), The oldest rocks of Antarctica (Enderby Land), International Geology
Review, 18, 371−388.
Williams, I. S., W. Compston, L. P. Black, T. R. Ireland, and J. J. Foster (1984), Unsupported radiogenic Pb in zircon: a case of anomalously high PbPb, U-Pb and Th-Pb ages, Contrib. Mineral. Petrol., 88, 322−327.

4

