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Laboratory synthesis, spectroscopic characteristics, and thermal behavior of phoxite
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ABSTRACT

Phoxite, (NH4)2Mg2(C2O4)(HPO4)2·4H2O, was initially discovered in 1977 and then confirmed in
2018. It is the first mineral known to contain both phosphate and oxalate groups. Phoxite has only been
found so far, in the Petrogale Cave,Western Australia, and Rowley mine, Arizona, U.S.A. In this work,
we synthesized phoxite using oxammite and newberyite as precursors under different relative humidity
conditions. Then, a systematic spectral characterization of this mineral was performed using Raman
spectroscopy, mid-infrared (MIR) spectroscopy, and visible-near infrared (VNIR) spectroscopy.
The obtained spectra are compared with those of other oxalates, hydrated sulfates, and carbonates
to determine the diagnostic spectral characteristics of phoxite. In addition, the thermal behavior of
phoxite during pyrolysis was investigated using evolved gas analysis (EGA), thermogravimetry
(TG), and differential scanning calorimetry (DSC). Our results indicate that phoxite may be a potential
biomarker on Earth and an indicator of a warm and humid environment. The results may also serve as
the spectral database for the identification of phoxite within the habitable environment on Earth and
even other planets.
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INTRODUCTION

Phoxite, (NH4)2Mg2(C2O4)(HPO4)2·4H2O, is a recently
reported new mineral. It was initially discovered in Petrogale
Cave, near Madura, Australia (Bridge 1977). More recently, it
was identified in the deposit related to guano in Rowley mine,
Maricopa County, Arizona, U.S.A. (Kampf et al. 2019). This
mineral was described as colorless composite bladeswith vitreous
luster at its discovery site. Phoxite has been approved by the
Commission on New Minerals, Nomenclature and Classification
of the International Mineralogical Association (IMA 2018-009)
(Hålenius et al. 2018). It is the first mineral known to contain both
phosphate (ph) and oxalate (ox) groups as essential components.
This also explains the origin of the mineral name phoxite.

Phoxite is a relatively raremineral, having been identified only
as small crystals in the above-mentioned two localities on Earth.
Both localities are associated with ammonia in cave-like environ-
ments that derive from animal excrement (Kampf et al. 2019). For
its natural occurrence, phoxite shares a unique paragenesis with
other phases related to ammonium-rich fluids infiltrating an old
mine and depositing crystals onminewalls, including phosphates,
oxalates, and chlorides. This suggests that the formation of phox-
ite may be closely associated with the presence of these minerals.
In a previous work, Snow and Elliott (2022) reported that phoxite
can be produced by grinding and mixing of oxammite ((NH4)2
(C2O4)·H2O)) with magnesium-bearing phosphate such as
newberyite (MgHPO4·3H2O) and struvite (MgNH4PO4·3H2O).
The synthesis method indicates a potential relationship between

the natural formation of phoxite and the reaction involving these
minerals. However, natural oxammite, struvite, and newberyite
are common biominerals and can be applied as biomarkers
(González-Muñoz et al. 1994). Phoxite, as their reaction product,
may have the same implication.

Phoxite is a unique mineral in terms of chemical composition
and environmental conditions. As mentioned above, phoxite
contains both phosphate and oxalate in its crystal structure,
which also serves as the precursor for phoxite formation. These
two species have been well accepted as the common biominerals
(Ngwenya 2016). In this case, phoxite can also be considered a
new mineral associated with the biomineralization on the Earth.
Considering the occurrence of phoxite in warm and humid caves
with abundant guano deposits (Kampf et al. 2019), phoxite is
also a potential indicator for such environments.

Previous studies have performed X-ray diffraction (XRD),
Raman spectroscopy, and chemical characterization of phoxite.
The XRD analysis determined the space group (P21/c), unit-cell
parameters, chemical bond lengths, and other parameters of phox-
ite (Kampf et al. 2019). Raman spectroscopy analysis further
revealed the characteristic Raman features due to the vibrations
of phosphate, oxalate, and ammonium. Electronmicroprobe anal-
ysis helped constrain the empirical formula of phoxite. Despite
these results, the comprehensive spectroscopic characterization
of phoxite is absent, and its thermostability is still unknown.

In this study, we used oxammite and newberyite as precur-
sors and synthesized phoxite under various relative humidity
conditions. Then, spectroscopic characterization, including
Raman, MIR, and VNIR, as well as thermal analysis, was per-
formed. The MIR and VNIR spectra of this mineral were
reported for the first time in the current study, and its spectral
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