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Table 1 - MORPHOTROPIC DOMAINS of

Indium is nowadays widely used in many CHALCOGENIDE MINERALS (Sulphides & Sulphosalts)

[chemical range for stable diadochic substitutions in minerals

deduced from stable synthetic compounds]

1863 and isolated four years later as a metal,

1970s, ternary semi-conducting chalcopyrite-type
compounds turned into promising materials for
photovoltaic solar cells with increased efficiency -

Consumption of indium is therefore expected

Table 2 — In-concentrations (ppm) in accessory minerals
from massive copper sulphide ores of Neves-Corvo
polymetallic deposit, southern Portugal [4].

Mineral , empirical formula In
Bornite, (Cu,AQ), s Feoo7 Ss10 not reported
Mawsonite, Cug g Fe,o; SNy Sgos 300
Tennantite, (Cu,Fe,Zn,Ag),; 4 (As,Bi),; S;5, 27 400
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e.g., Cu(In,Ga)Se; (CIGS). CRYSTAL STRUCTURE-TYPES
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Crystal Chemistry of Indium

Indium (Z=49) has the electronic structure [Kr] 4d® 5s? 5p! and frequently
assumes the trivalent state, suggesting the inertness of 5s2 electron-pair. Like
gallium and unlike tin, indium seldom forms specific minerals, exhibiting a
distinctly chalcophile behavior in the Earth’s crust and occurring rather
dispersed within polymetallic sulfide ores (Table 1).

The sulphide roquesite (CulnS,) was the first In-mineral to be described [5],
followed [6] by indite (Feln,S,) and dzhalindite, a tri-hydroxide with In(OH)s
octahedra. The recovery of indium stands mostly on the processing of zinc
blende - a cubic mineral typifying tetrahedral sulphides (fig.2) where cations fill
half of the available tetrahedral sites in a cubic closest packing (ccp) of sulfur
anions (S°). The crystal-chemical formula is written Znt[S!]¢, where t stands
for tetrahedral coordination and ¢ quotes the anion packing [7]. In is mainly
carried in solid solution or diadochic replacement, not only by sphalerite, but
also by excess-metal Cu-rich “tetrahedral sulphides” — bornite, Cus'Fe![S,']°
and sakuraite, (Cu,Ag),'(Zn,Fe)'(In,Sn)![S,']¢, plus by complex sulfides of the series
tetrahedrite-tennantite also structural derivatives from tetrahedral arrays (fig. 3).

Synthetic indium selenides with excess metal were first reported fifty years
ago - In,Se [9]; since then, many In-chalcogenides have been synthesized —
IngSe;, In;Tey, InTe and In,Se; plus In,Tes, both with excess metal — and their
structural characterization has revealed the occurrence of polymetallic In-
cations [10,11] : [Iny]** dimmers and/or [Ins]>* trimers (fig.4).
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mineral inclusions
are assigned [13].

In at the Nanoscale in Polymetallic
Sulphide Ores

Diadochic replacement of indium for zinc is common
world-around in sphalerite ores but not so for the IPB
polymetallic sulphide ores.

Replacements and recrystallization resulting from a
later copper-rich hydrothermal solution often remove the
primary texture in volcanogenic massive sulfides (VMS).
For that reason, the remobilization of chalcopyrite and
tetrahedrite is common in Neves-Corvo copper ores [12]
and the resulting paragenesis involves promising indium
carriers (Table 2). Encouraging results have already been
published [13], showing exsolved indium minerals as
minute grains within stannoidite (fig. 5, Table 2).

Mastering the nano-scale complexity in minerals is
gaining well turned-out solutions through the use of highly
focused micro-beam analytical techniques making use of
either particle beams (electrons in EPMA, protons in micro-
PIXE) or photon beams in “third generation” synchrotrons.
These large-scale installations provide very suitable
instrumental means of non-destructive research at the
nanoscale and synchrotron radiation allows for assessing
at the binding situation as successfully applied to indium-
oxygen compounds.
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Comments

It is worth noticing that the cubic closest packing anionic array configured by
sulphur anions (S7) in chalcopyrite, bornite, mawsonite, stannoidite and even
tetrahedrite-tennantite is particularly suitable to accommodate polymetallic
cations by filling closely positioned interstitial sites. This is clearly perceptible
when looking at a sheet figuring out a single closest packed anionic layer with the
available interstices located between this and the forthcoming anionic layer (fig.6):
tetrahedral (t) and octahedral (o), in the proportion 2:1. Distances between
interstices, [t-0] and [t-t], compare well with In-In distances in synthetic
selenides.

Furthermore, once selenides and tellurides are stable synthetic compounds
containing In-polycations, it is expectable that Se & Te may be favourably hosted
by such anionic closest packing in the presence of indium in natural compounds.
Accordingly, it is foreseen to undertake a nanoscale analysis of selected ore
samples and pursue an X-ray absorption near-edge spectroscopy (XANES) study
at In L;-edge (fig.7) in order to assess In-binding in carrier chalcogenide minerals.




