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1. INTRODUCTION

The term “Hadean” was first introduced by Preston Cloud (1972) for the earliest eon in Earth
history. It was derived from the Greek word meaning “God of the Underworld”, but was fre-
quently interpreted to mean that the early Earth was hell-like (cf. Wilde 2022a). This was sup-
ported by the view that it was a hot and turbulent place at this time. Implicit in the definition
was that it defined the time before preservation of the earliest known rocks. With the discovery
of the oldest known magmatic zircon at 4.03 Ga in the Acasta gneiss in the Northwest Territo-
ries of Canada (Bowring and Williams 1999), consensus was reached that the Hadean com-
menced at 4000 Ma (4 Ga), as originally proposed by Plumb and James (1986), although it
remained “informal” until its recommendation and adoption in 2012 by the International Sub-
commission on Precambrian Stratigraphy and the International Union of Geological Sciences
(IUGS) (Van Kranendonk et al. 2012).

So, was the early Earth really hell-like? It is generally agreed that the Earth underwent com-
plete melting following its accretion, resulting in its differentiation into a core, mantle, and
primordial crust. But how do we know what it was like at the Earth’s surface if there are no
rocks preserved from the Hadean? The answer lies with the discovery of detrital zircon crystals
older than 4 Ga in the Narryer Terrane of the Yilgarn Craton in Western Australia (Froude et
al. 1983; Compston and Pidgeon 1986). Subsequent work here and elsewhere has led to the
discovery of more zircon crystals older than 4 Ga (see Fig. 1 for global distribution), with the
oldest being a single site on a Hadean grain recording an age of 4404+8 Ma (2c) from Jack
Hills in the Narryer Terrane (Wilde et al. 2001). Aided by the concurrent development over the
past two decades of evermore precise analytical techniques at the micro- and nano-scales, and
for a growing range of elements and isotopes, it has been possible to make what appear to be
reasonable deductions as to what conditions might have been like at the surface during the
Hadean.
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Global Distribution of Hadean Records
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Fig. 1. The currently known global distribution of Hadean zircon. Abundant Hadean grains are only
found at Jack Hills and Mt Narryer in the Yilgarn Craton of Western Australia, with any of the localities
only recording single detrital grains. Note that when followed by (?), this means that the age is ques-
tioned due to reverse discordance or has not been substantiated by additional studies. Nuvvuagittug in
NE Canada is where Nd isochrons record Hadean ages, but where zircon only records Eoarchean ages.

2. THE EVIDENCE

Early work at Jack Hills identified elevated 30 in several Hadean zircon grains, including the
oldest (Wilde et al. 2001; Mojzsis et al. 2001), leading to the interpretation that these crystals
formed in a magma at least partially derived through the incorporation of material that had
interacted with liquid water at the Earth’s surface. Such grains with elevated 5'0 were subse-
quently referred to as “supracrustal” zircon (Cavosie et al. 2005). Collectively, these data
pointed to the early development on Earth of both continents and oceans. This required fairly
rapid cooling following accretion, melting, and crystallization of an early magma ocean, leading
to the “Cool Early Earth” hypothesis (Valley et al. 2002). However, the precise nature of the
host rock(s) in which the zircon formed has been subject to considerable debate, ranging from
formation in rocks derived from a crystalline magma ocean to S-type granite (see discussion in
Wilde 2022b). Indeed, it was shown by Wang and Wilde (2018), based on extensive Lu-Hf
data, that the Hadean grains at Jack Hills were not derived from a single protolith and that mafic,
intermediate and felsic sources existed on the early Earth. One of the key features was that the
Hf data in this and other studies (Harrison et al. 2005; Kemp et al. 2010), pointed to the parent
rocks being derived from precursors formed at ca. 4.5 Ga, close to the age of the Earth itself. In
addition, this early crust was not destroyed, but continuously reworked in the Narryer Terrane
until at least 2.6 Ga, as recorded by the strongly negative eHf values of the zircon in Neoarchean
granites (Kemp et al. 2010).

In more recent studies, a backup to the early oxygen data came from zircon trace element
studies (Turner et al. 2020), both indicating no change across the Hadean/Archean boundary.
In addition, the trace element data suggested a likely andesitic source, leading to the possibility
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that plate tectonics may have been operative in the Hadean. This was not a new idea and had
previously been suggested by Ichikawa et al. (2017) and Maruyama and Ebisuzaki (2017), with
the latter based on theoretically modelling of how and when the Earth had received its volatiles
(the ABEL model). This lack of change cross the Hadean/Archean boundary is also a feature
of the hafnium data, where time-series analysis of the extensive Lu-Hf database shows that
there is periodicity in the extraction from the mantle that has not changed from the Hadean to
the Phanerozoic, with the implication this is either an inherent feature of the Earth’s mantle
since its formation, or that plate tectonics was operative in some form since the Hadean (Mitch-
ell etal. 2022). Finally, a recent paper has reported additional oxygen data that reveals not only
elevated “supracrustal” values but also unusually low 580 values in ca. 4.0 Ga and 3.4 Ga
zircon, interpreted to indicate emergent land by 4 Ga and the onset of the first hydrological
cycle on Earth (Gamaleldien et al. 2024).

3. CONCLUSIONS

The evidence presented above indicates a number of interesting aspects with respect to condi-
tions during the Hadean. The favoured interpretation of the zircon oxygen data is that the Earth
cooled down relatively quickly and, together with the zircon trace element data, that there was
no change across the Hadean/Archean boundary. This was likewise the case with the periodicity
revealed by the zircon Hf data. Whether this is a reflection of some form of Hadean plate tec-
tonics remains to be substantiated, but it does indicate a degree of uniformitarianism throughout
Earth history. That such information can be gleaned from minute crystals of zircon is testimony
to the growing ability to analyse an ever-increasing number of elements and isotopes at the
micro- to nano-scales. Collectively, these data provide an insight into conditions on the early
Earth that cannot be obtained by other means as no rocks are known to have survived from the
Hadean. On balance, conditions during the majority of the Hadean, at least from ca. 4.4 Ga
onwards, seem not to have been vastly different to those in the Archean from 3.9 to 2.5 Ga,
although the real reason for a lack of rocks prior to 4 Ga remains a mystery. As such, conditions
for most of the Hadean — excluding the early accretion and magma ocean events — were evi-
dently not hell-like.
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