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Overview
Sulphide inclusions hosted in sublithospheric (“superdeep”) diamonds from the Juina-5 and Collier-4
kimberlites (Brazil) are being studied by a variety of techniques. Protected from any reequilibration by
their host diamond, these samples offer a unique opportunity to investigate the deep sulphur cycle,
potentially adding new constraints on recycling of surface material at depths.
Background
Inclusions in diamonds provide a direct insight into the chemistry of diamond-forming domains of the
Earth’s mantle, allowing for an understanding of the recycling of volatiles through the Earth’s interior.
Diamond formation is often interpreted as the result of redox reactions; diamonds may grow by the
interaction of a reduced fluid with oxidised mantle (Thomassot et al., 2007), or by the infiltration of
oxidised fluids into reduced ambient mantle (Stachel and Harris 2009; Palot et al. 2014). Sulphide
inclusions are abundant in lithospheric diamonds relative to normal mantle sulphur contents (~200
ppm), but their involvement in diamond formation requires further investigation.
The majority of known diamonds have formed in the Earth’s lithospheric upper mantle (<300km) in
peridotite (“normal” mantle) or eclogite (of mafic lithology). The major and trace element chemistries
of the sulphide inclusions they host are well documented in literature; for example, peridotitic sulphide
inclusions are generally characterised by higher Cr and Ni contents compared to eclogitic diamonds,
reflecting on the higher degrees of partial melting having affected their source region (Fig. 1A).
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Figure 1: A) Ni versus Cr plot with compositions of eclogitic (red) and peridotitc (green) diamond inclusions from
Jwaneng (open symbols from Thomassot et al. 2009) and Mwadui (closed symbols from Stachel et al. 1998) and
three inclusions from Machado River (blue symbols from Burnham et al. 2016). B) δ34S (mass-dependent
fractionation, S-MDF) versus Δ33S (mass-independent fractionation, S-MIF) plot showing the compositions of
sulphides included in E-type and P-type diamonds, plume material and MORB.

Less is known about the sulphides hosted in sublithospheric diamonds, which make up only a small
(<5%) proportion of diamonds studied worldwide, but can sample trapped mantle material at depths
>410km (Stachel et al. 2000; Walter et al. 2011). Previous work has shown that superdeep diamonds
from Juina-5 and Collier-4 grew by interaction of oxidised oceanic slab-derived carbonate melts with a
reduced ambient mantle (Burnham et al. 2015; Thomson et al. 2016). Therefore, one source of sulphur
for sulphide inclusions in these diamonds could be a surface-derived sulphate component (e.g.
precipitated from a C–O–S–H-rich fluid). Alternatively, sulphide may have been trapped in reduced
form, as sulphide included in a subducting slab, or originating from the mantle.
P-type sulphides can preserve mantle-like sulphur isotope signatures, while E-type inclusions can
exhibit more scatter in δ34S and Δ33S compositions due to the heterogeneity of their crustal protoliths
(Farquhar et al. 2002; Cartigny et al. 2009; Thomassot et al. 2009) (Fig. 1B). Sulphur mass-independent
fractionation (S-MIF, Δ33S ≠ 0) is a signal observed in rocks and diamonds preserving sedimentary
material of Archaean age (>2.45 Ga), when photolysis of volcanic SO2 released into an oxygen-poor
atmosphere allowed the formation of sulphates (with negative Δ33S anomalies) and elemental sulphur
(with positive Δ33S signatures) (Farquhar et al. 2000). The latter are preserved in few lithospheric
diamonds (Farquhar et al. 2002; Thomassot et al. 2009). Negative Δ33S values have been measured in
material sampled by mantle plumes (Cabral et al. 2013; Delavault et al. 2016), and the apparent deficit
of negative anomalies at the surface could suggest the presence of a negative Δ33S reservoir in the lower
mantle (Farquhar et al. 2002; Cabral et al. 2013).
Samples, results and discussion
The chemical composition of sulphide inclusions hosted in diamonds from Collier-4 and from Juina-5
is being investigated. The diamonds are 0.5-3 mm in size and octahedral or macle-shaped, often being
highly resorbed or broken fragments of originally larger crystals (Fig. 2A and 2B). The inclusions are
5-40 μm in size and consist mainly of iron sulphide (Fe(1-x)S), although minor exsolutions of
chalcopyrite (CuFeS2) and pentlandite ((Fe,Ni)9S8) may also occur. According to electron-microprobe
analyses (Thomson et al. 2014) and synchrotron-based x-ray microtomography (SXRTM), sulphides
coexist at the edges of inclusions with non-sulphide phases, perhaps suggesting exsolution from a
former S-bearing melt (Fig. 2C). The phases coexisting with sulphide have an eclogitic affinity and
include Ca-perovskite, Ca-walstromite, spinel, clinopyroxene and coesite (Thomson et al. 2014).

Figure 2: A) Collier-4 diamond polished on two surface containins large polyphase inclusions. B) a resorbed
sulphide-bearing diamond from Juina-5. C) Back-scattered electron image of an unmixed Ca-perovskite inclusion
in a Juina-5 diamond where sulphide (sul) occurs (Thomson et al. 2014).

The sulphur isotope compositions of superdeep sulphide inclusions will be analysed by secondary ion
mass spectrometry (SIMS) using CRPG national facility (Cameca 1280), providing a unique
opportunity to investigate the ability of sulphur to preserve recycled signatures during transfer to the
Earth’s lower mantle. Sulphide inclusions of recycled origin can have mantle-like S isotope
compositions, but analysing solely mantle-like δ34S values could reflect on the interaction of deepsourced sulphur, or fluid-hosted SO42- with the diamond-forming medium. The S isotope signature can
be diluted with mantle-derived sulphur (Δ33S = ~0), especially through interaction with fluids/melts.
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However, observing a S-MIF signal would suggest the presence of relatively undisturbed recycled,
ancient sediment in the lower mantle diamond-forming region.
Although they can be obscured by mantle mixing and assimilation processes, the compositions and
sulphur isotopic signature of sulphide minerals can be used to investigate the nature of the sulphurbearing phase interacting with the diamond-forming medium. Observing differences in the geochemical
or isotopic compositions of sulphides trapped as single phase Fe-sulphide and ones inside polyphase
inclusions could suggest different provenances of sulphur in the lower mantle.
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