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1. INTRODUCTION

There is not much evidence as to the nature of the Earth’s earliest crust. The available infor-
mation has been gleaned mostly from the studies of the oldest crystals of mineral zircon
(ZrSi0a), either detrital grains (e.g. Wilde et al. 2001) or from oldest known igneous rocks,
such as the Acasta orthogneiss in the Slave Province of Canada with an age of 4.03 Ga (e.g.
Bowring and Williams 1999; lizuka et al. 2006). One of areas, where Eoarchean rocks ( 4.0—
3.6 Ga) occur and protoliths that include some of the oldest crust on Earth occur, is the Napier
Complex of Enderby and Kemp Lands in East Antarctica, including Tula Mountains of Enderby
Land (e.g. Black et al. 1986; Kusiak et al. 2013a,b; Krol et al. 2020) and Aker Peaks in Kemp
Land (Belyatsky et al. 2011; Kusiak et al. 2021). The Napier Complex is an Archean craton
composed mostly of high-temperature gneisses and granulites. The craton was metamorphosed
at least twice, et ca. 2.8 Ga and ca. 2.5 Ga under granulite to ultrahigh-temperature (UHT) gran-
ulite condition (e.g. Kelly and Harley 2005; Harley et al. 2019). The UHT metamorphism had
temperature as high as >1100 °C (e.g. Hokada et al. 2004), making these some of the highest
temperature metamorphic rocks found in the Earth’s crust.
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2. RESULTS

Here we present zircon results from three cases: 1) presence of Pb nanospheres in grains from
Gage Ridge, 2) Lu-Hf data from Aker Peaks, and 3) oxygen results.

Metallic Pb nanospheres

Already the first publication documenting U-Pb geochronology of these rocks discussed the
issue of the reversely discordant data recognized during in-situ analysis (Williams et al. 1984).
lon imaging of analysed zircon grains revealed zonation of Y and Ti characteristic for magmatic
grains. However, distribution of 2°Pb and “8Ti (Fig. 1) does not correspond to either magmatic
zonation or crystal imperfections. Some of these patches yield 2°’Pb/?%Pb ages of >4 Ga, mostly
reversely discordant. Other areas document data with ages younger than the magmatic crystal-
lization age. Reversely discordant data are result of ancient Pb mobilization being independent
of the oxygen isotope, REE content and metamictization of zircon (Kusiak et al. 2023).

It has been documented by Transmission Electron Microscopy (TEM), that in some of the
ancient grains >3.4 Ga metallic lead nanospheres of 5 -30 nm in size occur. These nanospheres
are randomly distributed, they occur either as droplets or in polyphase inclusions up to 80 nm
across and contain amorphous Si-rich phase, together with unidentified Ti and Al-bearing
phases (Fig. 2). Where inclusions contain multiple phases, Pb occurs as single or multiple nan-
ospheres without crystal facets. No hydrous Pb phase(s) or voids large enough to penetrate the
focused ion beam (FIB) foils were documented.

Fig. 1. Zircon grain n3850-47: (A) CL image, black box representing area covered in B) and C); (B) SlI
image of 2%Pb; (C) SII image of “Ti; (D) Raman spectroscopy image with marked zones of different
crystallinity: zone 1 (moderately radiation damaged area), zone 2 (amorphous area), zone 3 (glassy area
with retained zircon composition); (E) Electron diffraction pattern (EBSP) obtained from a crystalline
component (zone 1) of the same grain. Modified after Kusiak et al. (2017).
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Fig. 2: (A) High-angle annular dark-field (HAADF) TEM image of zircon from Gage Ridge with Pb
nanospheres, and (B) the EDX spectrum of zircon rich in Pb and the silicate matrix enriched in Ti-Al
(Cu peak comes from Cu grid under the FIB foil); (C) enlarged area with metal Pb (white), Al+Th-rich
phase (grey) and Si-rich phase (dark grey); (D) clarification sketch of image (C). Modified after Kusiak
et al. (2015).

Lu-Hf isotopes

Aker Peaks in Kemp Land is 200 km east from the Tula Mountains of Enderby Land. Zircon
grains from trondhjemitic and mafic gneisses were analysed by secondary ion mass spectrom-
etry (SIMS) and yield concordant U-Pb dates between 3.86 Ga and 3.70 Ga. This age can be
attributed to magmatic and possibly to metamorphic activity (Kusiak et al. 2021).
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Fig. 3: (A) YSHf/Y"Hf versus 2’Pb/?%Ph age subdividing data by sample and by SHRIMP upper inter-
cept age group for the trondhjemitic gneiss; (B) Comparison between the Aker Peaks zircon data (Kusiak
et al. 2021) with that reported for zircons of Napier Complex gneisses from Mount Sones and Gage
Ridge by (H&B) Hiess and Bennett (2016) and (G) Guitreau et al. (2019). Modified after Kusiak et al.
(2021).
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Concurrent analysis of 2°’Pb/?%Pb ratios and Lu-Hf isotopes in the trondjemitic sample by
laser ablation ICPMS provided initial eHf(t) estimates for this age range that are slightly sub-
chodritic (values 0 to —2; Fig. 3). This can be attributed to the incorporation of older crust into
the magmatic protoliths of the gneisses although there is no requirement that these crustal
sources would be older than Eoarchean.

Oxygen data

The question as to whether there was emergent land in the Eoarchean (4.0-3.6 Ga) is funda-
mental not only for understanding Earth’s evolution but also for life itself. Magmatic rocks with
isotopically light oxygen can indicate interaction of magmas or their sources with surface water
(e.g. meteoric water). Consequently, the presence of such rocks in the geological record of the
early Earth can provide an indicator for the emergence of land. Zircon from two Eoarchean
orthogneisses in the Tula Mountains, Napier Complex, East Antarctica, show such light isotopic
signatures. A ca. 3.75 Ga trondhjemitic gneiss and a ca. 3.55 Ga dioritic gneiss, both with high
Y-HREE-NDb-Ta that can be ascribed to the melting of shallow sources at < 1.0 GPa, contain
zircon with exceptionally low 380 values of 1.0-2.7%o (normalized to Vienna Standard Mean
Ocean Water; Krol et al. 2024). The lowest 5180 value in zircon previously reported from Pale-
oarchean orthogneisses is 3.7%o at 3.56 Ga (Fig. 4).
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Fig. 4: Compilation of 580 versus age for magmatic and detrital zircon throughout Earth history. The
data points are plotted at their respective crystallization ages determined by U-Pb geochronology. Zir-
con 380 data from sample 78,285,013 represent granitic gneiss from Gage Ridge, Tula Mountains
(Kusiak et al. 2013a). The upper dashed line indicates the evolution of “maximum” &0 in zircon
through geological history (Valley et al. 2003). The mantle zircon 20 range represented by grey band
is from Valley et al. (1998). NAC — North Atlantic Craton; SCC — South China Craton. Modified after
Krol et al. (2024).

3. SUMMARY

Pb nanospheres in zircon: Documenting the micro-composition and mineralogy of Eoarchean
zircon and Pb-enriched domains is essential for understanding the processes of Pb redistribution
in zircon and its effect on geochronology.
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Lu-Hf in zircon: The scatter in the U-Pb dataset is attributed to isotopic disturbance of Pb
during the UHT metamorphism at 2.5 Ga. If data are not corrected, results can lead to overes-
timation of model crust formation ages, a critical problem in the search for evidence of Hadean
crust in Eoarchean rocks and for estimation of timing and rate of ancient continental growth.

Oxygen in zircon: We show that although the generation of such isotopically light signa-
tures can be achieved through mixing with seawater during a hydrothermal event, the propor-
tion of oxygen from seawater would have to be exceptionally high. In contrast, only a small and
more realistic proportion of water with much lighter §*20, such as that characteristic of meteoric
water would be required. These new results, therefore, are consistent with the presence of shal-
low magmatic or hydrothermal systems involving meteoric water at 3.73 Ga, providing the ear-
liest known evidence for the emergence of land on Earth.
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