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ABSTRACT

Sodic volcano-plutonic terranes in the Archean can be well preserved, but why oxidized S-rich sodic
magmas and porphyry-type Cu-Au deposits are so rare remains poorly understood. Here we addressed
this issue by measuring the S concentration and S6�/ΣS ratio of primary apatite grains in >2.7 Ga felsic
volcanic rocks from the well-characterized NeoarcheanAbitibi Greenstone Belt of the Superior Province,
Canada.Whereas apatite grains inmost samples contain low-S concentrations (<0.01wt%, n = 24), a few
apatite samples are S-rich (0.14 ± 0.03 wt%, 1σ) and have low-S6�/ΣS ratios (0.56 ± 0.17; 1σ, n = 4).
Samples with S-poor apatite have variable whole-rock La/Yb ratios (generally <30) and zircon
10 000*(Eu/Eu*)/Yb ratios of 11 ± 8 (1σ), which may be products of plume-driven or over-thickened
crustal melting. In contrast, the samples with S-rich apatite have elevated La/Yb ratios of 49 ± 15
(1σ), zircon 10 000*(Eu/EuN*)/Yb ratios of 26 ± 7 (1σ), and zircon δ18O values of 5.8 ± 0.1 ‰ (1σ),
consistent with a deep, hydrous and homogeneous mantle-like source for the melts dominated by
amphibole ± garnet fractionation that is reminiscent of subduction-like process. These are the first
reported results documenting the predominant accommodation of relatively reduced S in S-rich apatite
grains crystallized from terrestrial silicate melts, possibly reflecting slight oxidation associated with the
hydration of Neoarchean mantle and crystal fractionation over the magma evolution. The more common
S-poor apatite data suggest that suppressed oxidation of the parental sodicmagmas led toweak S emission
fromEarth’s interior to its evolving surface, explaining the rarity of porphyry-typeCu deposits in>2.7 Ga
Archean sodic volcano-plutonic terranes.
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INTRODUCTION

Subduction zones are the primary loci for chemical exchange
among the atmosphere, ocean, lithosphere, and mantle, whereby
subduction of hydrated oceanic crust and its sedimentary veneer
leads to flux melting of the overlying mantle wedge and genera-
tion of arc plutonism and volcanism (Richards 2011). One impor-
tant consequence of this complex sequence of mass transfer
events is the formation of magmatic-hydrothermal ore deposits
of the porphyry-type enriched in Cu ± Au ±Mo (Sillitoe 2010;
Richards 2011; Audétat and Simon 2012). Petrological and geo-
chemical proxies suggest that subduction-like processesmay have
operated since 3.0 Ga or earlier (Dhuime et al. 2012), but their
extent and duration were likely limited due to the low rheological
strength of subducting slabs in a hotter, melt-rich Archean mantle
(Sizova et al. 2010; Moyen and van Hunen 2012; Laurent et al.
2014). Oxidized S-rich magmas have recently been identified to
correlate with subduction events during the later stages of
Archean cratonization in the southeastern Superior Province

(<2.7 Ga; Meng et al. 2022). Prior to the later stages of Archean
cratonization (>2.7 Ga of the southeastern Superior Province),
short-term episodic proto-subduction (∼5 Myr) is suggested to
have operated based on evidence from whole-rock geochemistry
and numerical modeling (Wyman and Kerrich 2009; Moyen and
van Hunen 2012). However, it remains unclear as to whether oxi-
dized S-rich sodic magmas and porphyry Cu deposits could have
formed before ∼2.7 Ga in the Archean.

In this study, we investigated the redox state of sodic magmas
formed between ∼2750–2695 Ma in the Neoarchean Abitibi
Greenstone Belt of the southeastern Superior Province (Fig. 1a)
(Mole et al. 2021; Meng et al. 2021a, 2022). This belt comprises
arc-like, calc-alkaline-dominated volcanic sequences intercalated
with dominantly tholeiitic ± komatiitic assemblages that formed as
a part of the assembly of volcano-plutonic terranes from ∼2750–
2695Ma prior to interpreted subduction-collision since∼2695Ma
(Figs. 1a and 1b) (Thurston et al. 2008; Beakhouse 2011; Meng
et al. 2021a; Mole et al. 2021). We measured the sulfur (S) con-
centration and relative abundances of S6�, S4�, and S2− in apatite
[Ca5(PO4)3(F,OH,Cl)], of which the S is incorporated during
apatite crystallization from silicate melts (Kim et al. 2022) that
are faithfully preserved due to being armored in zircon. Previous
studies reported low-S6�/ΣS ratios inmagmatic apatite grains from
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