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Abstract. The Oxyspinel group End-Member Generator (OxyEMG) is an improved version of the EMG ap-
plication. This new version allows for calculating, based on electron microprobe analysis (EMPA), the propor-
tions of 31 end-member components in an oxyspinel composition. These components are MgAl2O4 (spinel),
FeAl2O4 (hercynite), MnAl2O4 (galaxite), ZnAl2O4 (gahnite), NiAl2O4 (chihmingite), CuAl2O4 (thermaero-
genite), MgFe2O4 (magnesioferrite), Fe3O4 (magnetite), MnFe2O4 (jacobsite), ZnFe2O4 (franklinite), NiFe2O4
(trevorite), CuFe2O4 (cuprospinel), FeMn2O4, MgMn2O4, Mn3O4 (hausmannite), ZnMn2O4 (hetaerolite),
MgCr2O4 (magnesiochromite), FeCr2O4 (chromite), MnCr2O4 (manganochromite), ZnCr2O4 (zincochromite),
NiCr2O4 (nichromite), CoCr2O4 (cochromite), MgV2O4 (magnesiocoulsonite), FeV2O4 (coulsonite), MnV2O4
(vuorelainenite), Co3O4 (guite), TiMg2O4 (qandilite), TiFe2O4 (ulvöspinel), SiMg2O4 (ringwoodite), SiFe2O4
(ahrensite) and GeFe2O4 (brunogeierite).

Compared with the older version, OxyEMG allows for (a) calculating 12 additional oxyspinel group
end-member compositions (chihmingite, thermaerogenite, hausmannite, hetaerolite, FeMn2O4, MgMn2O4,
cuprospinel, cochromite, guite, ringwoodite, ahrensite and brunogeierite), (b) discriminating the cation valency
not only for Fe2+–Fe3+ but also for Mn2+–Mn3+ and Co2+–Co3+, and (c) changing the method to calculate the
components of the magnetite and ulvöspinel prisms.

As in EMG, this new version is an application that does not require an installation process and was created
with the purpose of performing calculations to obtain cation proportions (per formula unit, p.f.u.), end-members
of the oxyspinel group, a 6R3+ value, a 6R2+ value, 6R3+ / 6R2+ ratios, redistribution proportions for the
corresponding end-members in the magnetite or ulvöspinel prisms, and a data validation section to check the
results.
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1 Introduction

According to Bosi et al. (2019) the oxyspinel group com-
prises 33 mineral species approved by the International
Mineralogical Association (IMA), which are grouped into
two subgroups as summarized in Table 1. The Oxyspinel
group End-Member Generator (OxyEMG) application pre-
sented in this contribution not only allows for calculating
27 of these end-members but also includes chihmingite,
which is a new mineral species (Hwang et al., 2022), and
FeMn2O4, MgMn2O4 and nichromite components (Table 1).
The oxyspinel group is part of the spinel supergroup, all of
which have the general formula AB2X4.

OxyEMG calculates the cation proportions per formula
unit (p.f.u); 31 end-members of the oxyspinel group; and,
when it is possible, the redistribution proportions of the end-
members, with data required to plot a given dataset in the
magnetite or ulvöspinel prisms.

2 Procedure considerations

The calculations of the oxyspinel end-members were carried
out according to the following statements.

1. The oxyspinel group is a complex solid solution due
to the substitution of chemical elements in their struc-
ture. For this reason the mineral species can have many
empirical formulas. For example, spinel composition
belonging to jacobsite, ideally MnFe2O4, can be de-
scribed by many empirical formulas that are Mn- and
Fe-dominant. This is correct because names are as-
signed according to the dominant-valency rule in the
formula (Hatert and Burke, 2008). In this work we will
not use hypothetical end-members, i.e., those not iden-
tified as dominant component in the spinel minerals so
far.

2. For the methodology applied to determine cation val-
ues from chemical analyses, see the previous version of
EMG (Ferracutti et al., 2015).

3. As well as in EMG, in OxyEMG the Fe3+–Fe2+ ratio
estimation is carried out according to the methodology
of Droop (1987), and the spinel (s.l.) data published by
this author were again used as a reference to make all
the calculations described in this paper (Tables 2 and
S1–S6 in the Supplement).

After the discrimination indicated for Fe, in those cases
where the oxidation does not provide the number of
cations necessary to complete the structure, Mn2+ be-
gan to be oxidized to Mn3+. After that, the same proce-
dure was made for Co2+–Co3+.

The way to calculate cations such as Fe3+, Mn3+ and
Co3+ allows the users to observe the participation and
the solid solution among end-members of the systems

MgAl2O4–MgMn2O4–MnMn2O4 (Bosi et al., 2010)
and FeMn2O4–MnFe2O4-NiFe2O4 (Nepal, 2020) that
otherwise would not be possible. For this reason it was
necessary to incorporate FeMn2O4 and MgMn2O4 end-
member compositions.

4. The application allows the user to choose if they want
OxyEMG to provide the stoichiometric calculation of
Fe2O3–FeO and/or Mn2O3–MnO and/or Co2O3–CoO.
However, if the user previously determined them by an-
other methodology, OxyEMG can also be used to cal-
culate the 31 oxyspinel group end-members. However,
the authors strongly recommend using the data obtained
with EMPA for the calculations. Examples are included
(Tables S3, S4 and S5) to verify the results obtained
when oxide discrimination is introduced by the user
compared to when discrimination is made by the ap-
plication (samples 2A and 8B from Bosi et al., 2002;
Mn80B, Mn100B and Mn60E from Bosi et al., 2010;
MgMn01 and MgMn10 from Bosi et al., 2007).

5. Dellagiustaite, deltalumite, maghemite, ti-
tanomaghemite, filipstadite and tegengrenite have
not been calculated because obtaining results for these
end-members requires the application to perform a
lot of formulas and conditioning, due to the possible
existence of solid solutions with other end-members.
Besides that, there are few microprobe data available
regarding these rare end-members which make it
difficult to verify if the calculations made by OxyEMG
are correct.

6. The sum of the 31 oxyspinel group end-members is 8,
considering the formula unit based on four oxygens and
three cations (see explanation in Ferracutti et al., 2015).

7. In order to choose which prism should be used to plot
the output data, we have introduced three conditions
based on Bosi et al. (2019).

A. If 6R3+> 1.0, 6R2+< 1.5 and 6R3+ / 6R2+

varies from 2/3 to 2.0, the data should be plotted
in the magnetite prism.

B. If 6R3+< 1.0, 6R2+> 1.5 and 6R3+ / 6R2+

varies from 0 to 2/3, the data should be plotted in
the ulvöspinel prism.

Bosi et al. (2019) introduced these conditions in order
to determine which oxyspinel subgroup (2-3 or 4-2) the
analyzed crystals correspond to.However, as the appli-
cation was tested with oxyspinel group end-members
and the objective is to know which of the data can be
introduced or plotted in binary diagrams of the mag-
netite or ulvöspinel prisms, the limit value used for
6R3+ / 6R2 was ≤ 2.0, instead of the < 2.0 suggested
by Bosi et al. (2019). This change is due to the fact
that in the case of the oxyspinel group end-members
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Table 1. A total of 34 mineral species from the oxyspinel group and FeMn2O4, MgMn2O4 and nichromite (NiCr2O4), which correspond to
chemical components (modified from Bosi et al., 2019). Those with ∗ are calculated with OxyEMG.

Oxyspinel group

Spinel subgroup (2-3) A2+ B3+ X End-member calculated
with OxyEMG

Chromite Fe Cr2 O4 ∗

Chihmingite Ni Al2 O4 ∗

Cochromite Co Cr2 O4 ∗

Coulsonite Fe V2 O4 ∗

Cuprospinel Cu Fe2 O4 ∗

Dellagiustaite V Al2 O4
Deltalumite (Al0.67�0.33) Al2 O4
FeMn2O4 Fe Mn2 O4 ∗

Franklinite Zn Fe2 O4 ∗

Gahnite Zn Al2 O4 ∗

Galaxite Mn Al2 O4 ∗

Guite Co Co2 O4 ∗

Hausmannite Mn Mn2 O4 ∗

Hercynite Fe Al2 O4 ∗

Hetaerolite Zn Mn2 O4 ∗

Jacobsite Mn Fe2 O4 ∗

Maghemite (Fe3+
0.67�0.33) Fe2 O4

Magnesiochromite Mg Cr2 O4 ∗

Magnesiocoulsonite Mg V2 O4 ∗

Magnesioferrite Mg Fe2 O4 ∗

Magnetite Fe Fe2 O4 ∗

Manganochromite Mn Cr2 O4 ∗

MgMn2O4 Mg Mn2 O4 ∗

Nichromite Ni Cr2 O4 ∗

Spinel Mg Al2 O4 ∗

Thermaerogenite Cu Al2 O4 ∗

Titanomaghemite (Ti4+0.5�0.5) Fe2 O4
Trevorite Ni Fe2 O4 ∗

Vuorelainenite Mn V2 O4 ∗

Zincochromite Zn Cr2 O4 ∗

Ulvöspinel subgroup (4-2) A4+ B2+ X

Ahrensite Si Fe2 O4 ∗

Brunogeierite Ge Fe2 O4 ∗

Filipstadite (Fe3+
0.5Sb5+

0.5) Mn2 O4
Qandilite Ti Mg2 O4 ∗

Ringwoodite Si Mg2 O4 ∗

Tegengrenite (Mn3+
0.5Sb5+

0.5) Mg2 O4
Ulvöspinel Ti Fe2 O4 ∗

from the magnetite prism, the 6R3+ / 6R2+ ratio is 2.0
(6R3+

= 2.0 and 6R2+
= 1.0), and the condition < 2.0

would exclude that value (Table S4). According to that,
OxyEMG will only perform the calculations of the end-
members proportions if the three conditions are accom-
plished in each case.

For the output data in the magnetite or ulvöspinel
prisms, the 6R3+ and 6R2+ in the OxyEMG ap-
plication refer only to Al3++Fe3+

+Cr3+ and to

Mg2+
+Fe2+, respectively. If Mn2+, Zn2+, Cu2+,

Co2+ or other cations want to be considered in 6R2+

or if V3+, Si4+ or Ge4+ want to be included in 6R3+,
the resulting composition could be represented in the
magnetite or ulvöspinel prisms, but that would not be
correct. Considering, e.g., jacobsite (Anthony et al.,
2001–2005), 6R3+

=Al3++Fe3+
+Cr3+

= 2,
6R2+

=Mg2+
+Fe2+

+Mn2+
= 1 and

6R3+ / 6R2+
= 2, and based on the conditions
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indicated before, the sample should be included
in the magnetite prism. For this reason and in
order to avoid incorrect assignments, we use
Al3++Fe3+

+Cr3+ for 6R3+ and Mg2+
+Fe2+

for 6R2+ values. According to that, for the same
example of 6R3+

=Al3++Fe3+
+Cr3+

= 2,
6R2+

=Mg2+
+Fe2+

= 0.57 and 6R3+ / 6R2+
= 3.5

two of the three conditions are accomplished. There-
fore, there will be no values for none of the end-member
in the prisms (Tables S3, S4 and S5).

8. If the dataset introduced by the user has end-member
compositions plotting in the base of the prism (spinel,
magnesiochromite, chromite and hercynite) or solid so-
lutions among them, with the contents of Fe2O3 or TiO2
wt % being equal to 0, the dataset will be plotted on the
magnetite prism according to the conditions mentioned
before (Tables S3, S4 and S5).

9. OxyEMG incorporates new 58 “data validation” op-
tions, allowing the user to verify if the calculations
of their input data are well computed. The data vali-
dation is accomplished considering 87 ratios between
the following end-members: FeAl2O4/MgAl2O4,
FeFe2O4/MgFe2O4, FeCr2O4/MgCr2O4,
FeV2O4/MgV2O4, Fe2SiO4/Mg2SiO4,
TiFe2O4/TiMg2O4, FeMn2O4/MgMn2O4,
MnAl2O4/FeAl2O4, MnFe2O4/FeFe2O4,
MnCr2O4/FeCr2O4, MnV2O4/FeV2O4,
MnMn2O4/FeMn2O4, MnAl2O4/MgAl2O4,
MnFe2O4/MgFe2O4, MnCr2O4/MgCr2O4,
MnV2O4/MgV2O4, MnMn2O4/MgMn2O4,
MgCr2O4/MgAl2O4, FeCr2O4/FeAl2O4,
MnCr2O4/MnAl2O4, ZnCr2O4/ZnAl2O4,
NiCr2O4/NiAl2O4, MgFe2O4/MgAl2O4,
FeFe2O4/FeAl2O4, MnFe2O4/MnAl2O4,
ZnFe2O4/ZnAl2O4, NiFe2O4/NiAl2O4,
CuFe2O4/CuAl2O4, MgFe2O4/MgCr2O4,
FeFe2O4/FeCr2O4, MnFe2O4/MnCr2O4,
ZnFe2O4/ZnCr2O4, NiFe2O4/NiCr2O4,
Mg2TiO4/MgAl2O4, Fe2TiO4/FeAl2O4,
Mg2TiO4/MgCr2O4, Fe2TiO4/FeCr2O4,
MgV2O4/MgAl2O4, FeV2O4/FeAl2O4,
MnV2O4/MnAl2O4, MgMn2O4/MgAl2O4,
FeMn2O4/FeAl2O4, MnMn2O4/MnAl2O4,
ZnMn2O4/ZnAl2O4, MgMn2O4/MgCr2O4,
FeMn2O4/FeCr2O4, MnMn2O4/MnCr2O4,
ZnMn2O4/ZnCr2O4, MgMn2O4/MgFe2O4,
FeMn2O4/FeFe2O4, MnMn2O4/MnFe2O4,
ZnMn2O4/ZnFe2O4, MgMn2O3/MgV2O4,
FeMn2O4/FeV2O4, MnMn2O4/MnV2O4,
MgFe2O4/MgV2O4, FeFe2O4/FeV2O4,
MnFe2O4/MnV2O4, ZnAl2O4/FeAl2O4,
ZnFe2O4/FeFe2O4, ZnCr2O4/FeCr2O4,
ZnAl2O4/MgAl2O4, ZnFe2O4/MgFe2O4,
ZnCr2O4/MgCr2O4, ZnAl2O4/MnAl2O4,

Figure 1. Screenshot of OxyEMG’s user interface.

ZnFe2O4/MnFe2O4, ZnCr2O4/MnCr2O4,
CuAl2O4/FeAl2O4, CuFe2O4/FeFe2O4,
CuAl2O4/MgAl2O4, CuFe2O4/MgFe2O4,
CuAl2O4/MnAl2O4, CuFe2O4/MnFe2O4,
CuAl2O4/ZnAl2O4, CuFe2O4/ZnFe2O4,
NiAl2O4/FeAl2O4, NiFe2O4/FeFe2O4,
NiCr2O4/FeCr2O4, NiAl2O4/MgAl2O4,
NiFe2O4/MgFe2O4, NiCr2O4/MgCr2O4,
NiAl2O4/MnAl2O4, NiFe2O4/MnFe2O4,
NiCr2O4/MnCr2O4, NiAl2O4/ZnAl2O4,
NiFe2O4/ZnFe2O4 and NiCr2O4/ZnCr2O4.

Underlined ratios are the new data validations included
in OxyEMG compared with the previous version of
EMG (Ferracutti et al., 2015). Examples are provided
in Table S6.

In order to check the results provided by OxyEMG, the
four examples indicated by Bosi et al. (2019) were rep-
resented, achieving the same results as those obtained
by these authors (Table S4).

3 Application description

OxyEMG does not require an installation process. The user
must download the application folder in their computer and
execute the OxyEMG.exe file. Once the interface is loaded,
OxyEMG is ready to be used. Figure 1 shows the applica-
tion user interface, which supports the loading of .csv files
by clicking a simple button.

The .csv source file must contain the information in
columns, with one column containing the sample name and
the others containing the wt % oxides (Table 2). It is not
required that the oxides follow a fixed order or all to be
present, but the “sample” name column must be present.
OxyEMG considers the SiO2, TiO2, GeO2, Al2O3, Cr2O3,
V2O3, Fe2O3, FeO, Mn2O3, Co2O3, MnO, MgO, CaO, ZnO,
NiO, CuO and CoO oxides. If some of these oxides are miss-
ing in the input file, a warning message is displayed (Fig. 2)
and a value of 0 will be assumed for the missing oxides.
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Table 2. Oxide labels for .csv input files.

Sample SiO2 TiO2 GeO2 Al2O3 Cr2O3 V2O3 Fe2O3 Mn2O3 Co2O3 FeO

Droop (1987) data 0.00 0.00 0.00 61.99 0.00 0.00 0.00 0.00 0.00 24.68

Coulsonite 0.00 0.00 0.00 0.00 0.00 67.60 0.00 0.00 0.00 32.40

Magnesiochromite 0.00 0.00 0.00 0.00 79.04 0.00 0.00 0.00 0.00 0.00

Chromite 0.00 0.00 0.00 0.00 67.90 0.00 0.00 0.00 0.00 32.10

Zincochromite 0.00 0.00 0.00 0.00 65.13 0.00 0.00 0.00 0.00 0.00

Ulvöspinel 0.00 35.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 64.27

Spinel 0.00 0.00 0.00 71.67 0.00 0.00 0.00 0.00 0.00 0.00

Magnesiocoulsonite 0.00 0.00 0.00 0.00 0.00 78.81 0.00 0.00 0.00 0.00

Hercynite 0.00 0.00 0.00 58.66 0.00 0.00 0.00 0.00 0.00 41.34

Gahnite 0.00 0.00 0.00 55.61 0.00 0.00 0.00 0.00 0.00 0.00

Trevorite 0.00 0.00 0.00 0.00 0.00 0.00 68.13 0.00 0.00 0.00

Magnetite 0.00 0.00 0.00 0.00 0.00 0.00 68.97 0.00 0.00 31.03

Magnesioferrite 0.00 0.00 0.00 0.00 0.00 0.00 79.85 0.00 0.00 0.00

Jacobsite 0.00 0.09 0.00 0.00 0.00 0.00 73.96 0.00 0.00 2.57

Franklinite 0.00 0.70 0.00 1.25 0.00 0.00 63.90 0.00 0.00 3.60

Manganochromite 0.00 0.00 0.00 0.00 62.30 1.70 0.00 0.00 0.00 9.40

Galaxite 0.96 0.00 0.00 45.71 0.00 0.00 0.00 0.00 0.00 16.36

Qandilite, T5, Bosi et al. (2014) 0.00 40.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 40.06

Cuprospinel 0.00 0.00 0.00 2.6 0.00 0.00 65.7 0.00 0.00 1.7

Ringwoodite 38.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 23.40

Ahrensite 34.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 43.8

Brunogeierite 0.00 0.00 42.13 0.00 0.00 0.00 0.00 0.00 0.00 57.87

Thermaerogenite 0.00 0.00 0.00 56.17 0.00 0.00 0.00 0.00 0.00 0.00

Cochromite, de Waal (1978) 0.11 1.26 0.00 9.11 50.38 0.00 0.00 0.00 0.00 11.18

Vuorelainenite 0.00 0.1 0.00 0.00 19.5 47.4 0.00 0.00 0.00 5.7

Nichromite, de Waal (1978) 0.20 1.13 0.00 7.46 45.56 0.00 0.00 0.00 0.00 17.32

No. 5, Oktyabrsky et al. (1992) 0.00 27.34 0.00 3.33 0.13 0.00 27.01 0.00 0.00 14.62

No. 3, Oktyabrsky et al. (1992) 0.00 21.07 0.00 4.85 0.00 0.00 39.28 0.00 0.00 1.44

FeTi30A, Bosi et al. (2009) 0.00 16.1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 79.55

FeTi50Bd, Bosi et al. (2009) 0.00 20.14 0.00 0.61 0.00 0.00 0.00 0.00 0.00 73.83

RhumBAn2, Lenaz et al. (2011) 0.00 2.6 0.00 9 25.3 0.81 0.00 0.00 0.00 56.7

SC, Salamanca district
Bjerg et al. (1993)

0.00 0.00 0.00 0.96 59.87 0.00 7.88 0.00 0.00 23.08

LTC, Las Tunas area
Bjerg et al. (1993)

0.00 0.00 0.00 24.3 40.43 0.00 4.24 0.00 0.00 18.44

2A, Bosi et al. (2002)
Mn discriminated

0.00 0.00 0.00 0.00 0.00 0.00 0.00 68.7 0.00 0.00
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Table 2. Continued.

Sample SiO2 TiO2 GeO2 Al2O3 Cr2O3 V2O3 Fe2O3 Mn2O3 Co2O3 FeO

8A, Bosi et al. (2002)
Mn discriminated

0.00 0.00 0.00 0.12 0.00 0.00 0.00 68.5 0.00 0.00

2A, Bosi et al. (2002)
Mn not discriminated

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

8A, Bosi et al. (2002)
Mn not discriminated

0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00

Mn80B, Bosi et al. (2010)
Mn discriminated

0.00 0.00 0.00 1.73 0.00 0.00 0.00 68.57 0.00 0.00

Mn100B, Bosi et al. (2010)
Mn discriminated

0.00 0.00 0.00 0.00 0.00 0.00 0.00 69.70 0.00 0.00

Mn60E, Bosi et al. (2010)
Mn discriminated

0.00 0.00 0.00 41.55 0.00 0.00 0.00 29.41 0.00 0.00

Mn100B, Bosi et al. (2010)
Mn not discriminated

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mn60E, Bosi et al. (2010)
Mn not discriminated

0.00 0.00 0.00 41.55 0.00 0.00 0.00 0.00 0.00 0.00

Sample b, Table 2
Antao et al. (2019)

0.00 0.00 0.00 0.00 0.00 0.00 16.55 52.37 0.00 0.00

S1, Table 3
Yavuz and Yavuz (2023)

0.01 0.22 0.00 1.02 24.99 39.98 0.00 0.00 0.00 27.21

Guite, S3, Table 3
Yavuz and Yavuz (2023)

0.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

N205, high Fe
Gutzmer et al. (1995)

0.00 0.00 0.00 0.00 0.00 0.00 11.3 57.1 0.00 0.00

LVB404, low Fe
Gutzmer et al. (1995)

0.00 0.00 0.00 0.00 0.00 0.00 1.2 65.2 0.00 0.00

MgMn01, Bosi et al. (2007)
Mn not discriminated

0.00 0.00 0.00 71.10 0.00 0.00 0.00 0.00 0.00 0.00

MgMn10, Bosi et al. (2007)
Mn not discriminated

0.00 0.00 0.00 60.00 0.00 0.00 0.00 0.00 0.00 0.00

MgMn01, Bosi et al. (2007)
Mn discriminated

0.00 0.00 0.00 71.10 0.00 0.00 0.00 0.43 0.00 0.00

MgMn10, Bosi et al. (2007)
Mn discriminated

0.00 0.00 0.00 60.00 0.00 0.00 0.00 11.06 0.00 0.00

Coulsonite I
Kompanchenko (2020)

0.00 0.29 0.00 0.99 32.87 32.91 0.00 0.00 0.00 25.69

Coulsonite III
Kompanchenko (2020)

0.05 0.54 0.00 2.46 28.04 28.51 0.00 0.00 0.00 35.82
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Table 2. Continued.

Sample MnO MgO CaO ZnO NiO CuO CoO

Droop (1987) data 0.11 13.70 0.00 0.00 0.00 0.00 0.00

Coulsonite 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Magnesiochromite 0.00 20.96 0.00 0.00 0.00 0.00 0.00

Chromite 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Zincochromite 0.00 0.00 0.00 34.87 0.00 0.00 0.00

Ulvöspinel 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Spinel 0.00 28.33 0.00 0.00 0.00 0.00 0.00

Magnesiocoulsonite 0.00 21.19 0.00 0.00 0.00 0.00 0.00

Hercynite 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Gahnite 0.00 0.00 0.00 44.39 0.00 0.00 0.00

Trevorite 0.00 0.00 0.00 0.00 31.87 0.00 0.00

Magnetite 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Magnesioferrite 0.00 20.15 0.00 0.00 0.00 0.00 0.00

Jacobsite 13.94 9.26 0.00 0.00 0.00 0.00 0.00

Franklinite 0.60 0.00 0.00 30.25 0.00 0.00 0.00

Manganochromite 24.00 0.00 0.00 1.70 0.00 0.00 0.00

Galaxite 34.03 1.50 0.00 0.00 0.00 0.00 0.00

Qandilite, T5, Bosi et al. (2014) 0.00 19.49 0.00 0.00 0.00 0.00 0.00

Cuprospinel 0.20 1.80 0.00 0.70 0.00 27.8 0.60

Ringwoodite 0.00 37 0.00 0.00 0.00 0.00 0.00

Ahrensite 0.75 21.1 0.00 0.00 0.00 0.00 0.00

Brunogeierite 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Thermaerogenite 0.00 0.00 0.00 0.00 0.00 43.83 0.00

Cochromite, de Waal (1978) 0.84 0.95 0.00 0.59 7.67 0.00 17.45

Vuorelainenite 26.4 0.1 0.00 0.8 0.00 0.00 0.00

Nichromite, de Waal (1978) 0.21 0.4 0.00 0.00 15.86 0.00 12.49

No. 5, Oktyabrsky et al. (1992) 1.89 26.47 0.00 0.00 0.00 0.00 0.00

No. 3, Oktyabrsky et al. (1992) 2.69 30.75 0.00 0.00 0.00 0.00 0.00

FeTi30A, Bosi et al. (2009) 0.00 0.00 0.00 0.00 0.00 0.00 0.00

FeTi50Bd, Bosi et al. (2009) 0.00 0.00 0.00 0.00 0.00 0.00 0.00

RhumBAn2, Lenaz et al. (2011) 0.38 2.64 0.00 0.09 0.34 0.00 0.00

SC, Salamanca district
Bjerg et al. (1993)

0.00 2.71 0.00 4.99 0.00 0.00 0.00

LTC, Las Tunas area
Bjerg et al. (1993)

0.00 9.73 0.00 0.87 0.00 0.00 0.00

2A, Bosi et al. (2002)
Mn discriminated

27.9 0.4 0.00 2.5 0.00 0.00 0.00
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Table 2. Continued.

Sample MnO MgO CaO ZnO NiO CuO CoO

8A, Bosi et al. (2002)
Mn discriminated

30.2 0.03 0.00 0.73 0.00 0.00 0.00

2A, Bosi et al. (2002)
Mn not discriminated

89.6 0.4 0.00 2.5 0.00 0.00 0.00

8A, Bosi et al. (2002)
Mn not discriminated

91.7 0.03 0.00 0.73 0.00 0.00 0.00

Mn80B, Bosi et al. (2010)
Mn discriminated

23.73 4.70 0.00 0.00 0.00 0.00 0.00

Mn100B, Bosi et al. (2010)
Mn discriminated

25.68 3.20 0.00 0.00 0.00 0.00 0.00

Mn60E, Bosi et al. (2010)
Mn discriminated

11.69 17.28 0.00 0.00 0.00 0.00 0.00

Mn100B, Bosi et al. (2010)
Mn not discriminated

88.32 3.20 0.00 0.00 0.00 0.00 0.00

Mn60E, Bosi et al. (2010)
Mn not discriminated

38.12 17.28 0.00 0.00 0.00 0.00 0.00

Sample b, Table 2
Antao et al. (2019)

30.66 0.15 0.00 0.00 0.00 0.00 0.00

S1, Table 3
Yavuz and Yavuz (2023)

2.31 0.00 0.00 3.79 0.00 0.00 0.00

Guite, S3, Table 3
Yavuz and Yavuz (2023)

0.87 0.00 0.00 0.00 0.00 0.73 90.95

N205, high Fe
Gutzmer et al. (1995)

31.80 0.00 0.00 0.00 0.00 0.00 0.00

LVB404, low Fe
Gutzmer et al. (1995)

33.10 0.36 0.00 0.00 0.00 0.00 0.00

MgMn01, Bosi et al. (2007)
Mn not discriminated

0.65 28.10 0.00 0.00 0.00 0.00 0.00

MgMn10, Bosi et al. (2007)
Mn not discriminated

15.00 23.50 0.00 0.00 0.00 0.00 0.00

MgMn01, Bosi et al. (2007)
Mn discriminated

0.26 28.10 0.00 0.00 0.00 0.00 0.00

MgMn10, Bosi et al. (2007)
Mn discriminated

5.24 23.50 0.00 0.00 0.00 0.00 0.00

Coulsonite I
Kompanchenko (2020)

2.34 0.00 0.00 4.48 0.00 0.00 0.00

Coulsonite III
Kompanchenko (2020)

0.09 0.00 0.00 4.12 0.00 0.00 0.00
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Figure 2. Example of warning message indicating that GeO2,
V2O3, Fe2O3, Mn2O3, Co2O3, ZnO, CuO and CoO data are not
present.

For Fe2O3, Mn2O3 and Co2O3 to be calculated based on
the FeO, MnO and CoO content, respectively, the user must
type 0 in the column of Fe2O3, Mn2O3 and Co2O3. On the
other hand, if the user has previously determined the values
of Fe2O3–FeO, Mn2O3–MnO and Co2O3–CoO, oxides val-
ues must be included in the corresponding columns, but for
the calculations we strongly recommend using the data ob-
tained with EMPA.

After loading the source file, if the format of the file is
correct, a “selection” window is shown (Fig. 3), allowing
the user to select the results that they require to include
in the output files. OxyEMG supports calculations for the
stoichiometric discrimination between Fe2O3–FeO, Mn2O3–
MnO and Co2O3–CoO (wt %) (Table S1); the cation propor-
tions (p.f.u.) (Table S2); the end-members of the oxyspinel
group (Table S3); the 6R3+ value; the 6R2+ value; and
6R3+ / 6R2+ ratios (Table S4). It also provides recalcu-
lation of the end-members for the magnetite or ulvöspinel
prisms (Table S5) and the option to perform a data validation
(Table S6). The data validation conducts a test to verify if the
calculated data results are correct.

Once the selection is made, OxyEMG performs the cor-
responding calculations, generates the output files and saves
them in the same directory as the source file.

4 Important considerations when using OxyEMG

In general, the considerations indicated for the use of the
previous version (EMG; Ferracutti et al., 2015) are valid in
OxyEMG as well; however there are some new considera-
tions that must be taken into account.

1. The “sample” name must be listed in one column of the
.csv file, as it was also required in the previous version,
but be careful to type “sample” (singular) and not “sam-
ples” (plural).

2. In OxyEMG, the only oxides values (wt %) that will be
considered for the calculations are SiO2, TiO2, GeO2,

Figure 3. The selection windows allows the user to select the cal-
culations that they require to be included in the output files.

Al2O3, Cr2O3, V2O3, Fe2O3, FeO, MnO, MgO, CaO,
ZnO, NiO, CuO and CoO. In this new version GeO2,
Mn2O3, Co2O3, CuO and CoO were added because
they are required to calculate some oxyspinel group
end-members such as thermaerogenite, cuprospinel,
cochromite, brunogeierite, guite, hausmannite, hetaero-
lite, FeMn2O4 and MgMn2O4. In OxyEMG Na2O and
K2O are excluded because they are not part of any of
the oxyspinel group end-members.

3. According to the previous consideration and the condi-
tions indicated in item 4 of “Procedure considerations”,
when a user introduces a composition of oxyspinel
group end-member with values for SiO2, GeO2, MnO,
V2O3, Mn2O3, Co2O3, NiO, ZnO, CuO and/or CoO, the
program will not discriminate between the two prisms
because at least one of the indicated conditions is not
accomplished. The reason for this is that the data used
in the calculations comprise oxides of an oxyspinel
end-member different from the ones included in the
prisms; examples are the Salamanca (SC) and Las Tu-
nas area (LTC) samples (Bjerg et al., 1993) included in
Tables S3, S4 and S5. However, if the user has oxyspinel
group end-members with negligible amounts of Si, Ge,
V, Mn, Zn, Ni, Co, and/or Cu and they would like to de-
termine their proportions referring to the magnetite or
ulvöspinel prisms, with the proportion established for
the 31 final members, they will have to make the neces-
sary recalculation.

4. To test the OxyEMG program, oxyspinel group end-
member’s data were taken from de Waal (1978),
Droop (1987), Oktyabrsky et al. (1992), Bjerg et
al. (1993), Gutzmer et al. (1995), the Handbook of Min-
eralogy .pdf files (Anthony et al., 2001–2005), Bosi et
al. (2002, 2009, 2010, 2014), Lenaz et al. (2011), An-
tao et al. (2019), Kompanchenko (2020), and Yavuz and
Yavuz (2023) (Tables S1–S6).

https://doi.org/10.5194/ejm-36-87-2024 Eur. J. Mineral., 36, 87–98, 2024



96 G. R. Ferracutti et al.: OxyEMG

5 Discussion

As mentioned before, OxyEMG calculates cation end-
member proportions from crystal analyzed by EMPA. This
application neither assigns a mineral species for the crystal
nor gives an ideal end-member formula. However, OxyEMG
allows the user to observe which end-members are involved
and in what proportion they are found. In this way, it is up
to the user to assign a mineral species to their crystals, de-
pending on the criterion they opt to utilize. They can choose
the rule of the dominant valency or the rule of 50 %. This
approach helps to prevent any uncertainties that may arise
when dealing with a significant number of hypothetical end-
members, which could potentially generate a multitude of
variants. Consequently, as reported in Table 1 of Dolivo-
Dobrovol’sky (2010), defining the mineral species based on
the dominant end-member becomes a challenge due to the
resulting ambiguity.

The authors consider that it is more important to provide
the user with the composition and proportion of all the end-
members that constitute the crystal than the name of the
mineral species, which ultimately can still be assigned by
the user. For example, based on the dominant-valency rule,
coulsonite I and III (Kompanchenko, 2020), included in Ta-
bles S3, S4 and S5, effectively correspond to coulsonite,
given that the dominant A cation is Fe2+ (0.8 and 0.9, re-
spectively) and the dominant B cation is V (0.98 and 0.84, re-
spectively). However, considering the proportions of the end-
members, it is gathered that although coulsonite is the most
abundant (3.357 and 3.163, respectively), there are other end-
members in the structure, such as chromite (3.306 and 3.068,
respectively), whose proportions are very close to the domi-
nant one.

A program called WinSpingc (Yavuz and Yavuz, 2023) has
recently been published which calculates the cations (a.p.f.u,
atoms per formula unit) for all end-members of the spinel su-
pergroup (oxyspinel, thiospinel and selenospinel groups) and
defines the mineral species based on the dominant A cations
and dominant B cations. However, the proportions of the all
end-members present in the analyzed crystals are not deter-
mined.

Other differences between WinSpingc and OxyEMG in-
clude the Fe3+, Mn3+ and Co3+ determination. In WinSp-
ingc these cations are calculated entirely by the Droop (1987)
methodology, considering each of them independently of the
presence of another, and, therefore, it is not possible to deter-
mine the coexistence of, for example, Fe3+–Mn3+ or Mn3+–
Co3+. This was tested considering sample S3 from Table 3
(Guite, Yavuz and Yavuz, 2023), which according to WinSp-
ingc, only has Co3+ as a dominant B cation. However, ac-
cording to OxyEMG, this sample consists mainly of Co3+

with a very low participation of Mn3+ (Tables S3, S4 and
S5). This agrees with Lei et al. (2022), who studied guite
crystals (guite sample from Yavuz and Yavuz, 2023, is an av-

erage of samples from Lei et al., 2022) and also indicated the
presence of Mn3+ in B.

Finally, WinSpingc calculates, according to Bosi et
al. (2019), 6R2+ (all divalent cations: Mg2+

+ Fe2+
+

Mn2+
+ Cu2+

+ Zn2+
+ Co2+

+ Ni2+ + V2+) and 6R3+

(all trivalent cations: Cr3+
+Fe3+

+Al3++Mn3+
+Co3+)

to determine to which oxyspinel subgroup (2-3 or 4-
2) the sample belongs. The program also indicates the
ratios of Fe3+/Fe2+, Fe3+/(Fe2+

+Fe3+), Cr/(Cr+Al),
Fe2+/(Fe2+

+Mg), Cr/(Cr+Al+Fe3+) and Ti/(Ti+Cr+
Al), among others, which can be used for the 2D projections
of the magnetite prism (composed of six end-members of the
group (2-3), magnetite, spinel, chromite, magnesiochromite,
hercynite, magnesioferrite). However, in some cases it is
not correct to use these ratios, for example, for coulsonite
(FeV2O4, S1 Table 3 from Yavuz and Yavuz, 2023), with ra-
tios of Cr/Cr+Al= 0.94 and Cr/(Cr+Al+Fe3+)= 0.92.
These ratios could be plotted in the corresponding 2D tri-
angular and binary graphs, although it is a mineral species
that should not be included there because the dominant
B cation is V. OxyEMG, as explained before, considers
6R2+ (Fe2+

+Mg) and 6R3+ (Cr+Al+Fe3+) to know
which samples can be plotted in the magnetite or ulvöspinel
prisms.

6 Conclusions

OxyEMG is an improved version of the EMG applica-
tion that allows for calculating the 31 end-members of the
oxyspinel group, based on data obtained with EMPA. An im-
portant addition, among others, is that it also allows for ob-
taining redistribution proportions for the corresponding end-
members in the magnetite or ulvöspinel prisms and a data
validation section to check the results.

Code availability. The application was implemented in the Unity
engine (Unity Technologies, 2005) and can be freely downloaded at
the following link: http://vyglab.cs.uns.edu.ar/webpage/index.php/
es/recursos/oxyemg (Ferracutti et al., 2024).

The users are kindly requested to give appropriate credit to this
article in their publications if Oxyspinel group End-Member Gen-
erator (OxyEMG) has been used to perform calculations.

Data availability. All raw data can be provided by the correspond-
ing authors upon request.

Supplement. The supplement related to this article is available on-
line at: https://doi.org/10.5194/ejm-36-87-2024-supplement.
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