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Summary: In the early Earth system and possibly
elsewhere, struvite (MgNH4PO4ˑ6H2O) has been
suggested to play a significant role in prebiotic
phosphorylation [1]. However, compared to other
prebiotic phosphate minerals, there is lack of evidence
for struvite being plausibly present on the early Earth
[2], much less present in meteorites and on other
planets [3]. We believe this lack of struvite’s presence
is not due to its non-existence in planetary systems, but
is due instead to the fact that it decomposes under
relatively mild temperatures, and its decomposition
products themselves disappear through other reactions.
The products of struvite decomposition are deaminated
and dehydrated Mg-phosphates. These phosphates
themselves generally transform into calcium phosphate
minerals by reacting with calcium minerals such as
calcite and gypsum. This is in contrast to the relatively
facile route to forming struvite, and suggests this
ephemeral mineral and others like it, was likely present
but quickly vanished in the early solar system history.
Hence when the conditions conducive to its formation
disappear, struvite is not long to follow

Introductions: Struvite is known to be a decent
mineral source of phosphate for prebiotic
phosphorylation [1, 4], and it is easy to generate under
many conditions relevant to early earth and meteoritic
environments, principally high NH3 and low H2O
conditions [5, 6]. However, evidence of this mineral in
geology record is lacking [2], and has led some to
propose its absence as a global phosphate source [7].

Struvite is a thermodynamically favored product
when solutions bearing MgSO4, ammonia, and
carbonate react with apatite, favoring the near
complete conversion of apatite into struvite under high
activities of the reactants. This transformation was
reproduced experimentally Burcar et al. [6]. Given
that the starting components are all found within
carbonaceous chondrites [8, 9], the lack of a positive
identification of struvite in meteorites (or in the
geologic record > 3 Ga) is surprising.

We believe struvite has an ephemeral period on
prebiotic Earth system and possibly on other planets
and asteroids, as struvite decomposes quickly when
subjected to moderate increases in temperature. We
propose this decomposition results in its transforms
into calcium phosphate minerals such as apatite. Thus
its absence in natural samples is not due to a total

absence but instead due to a relatively short timescale
of stability.

Methods and Results:
We examined struvite decomposition by placing the

mineral inside a glass tube furnace and heating to
various temperatures (70-500°C) for 6 hours. Sample
products were analyzed by Raman Spectroscopy, XRD
(X-Ray Diffraction) and NMR (Nuclear Magnetic
Resonance). Struvite degradation was further
investigated by TGA (Thermogravimetric analysis),
which shown that magnesium pyrophosphate is the
final product of struvite degradation.
The stability of Mg2P2O7 was studied to investigate

whether this compound itself might be used as a proxy
for the presence of struvite. This was done using NMR
analysis of the heating of magnesium pyrophosphate
(Mg2P2O7) with calcium sources.

Discussions: Several minerals have been identified
as being plausibly present in the early Earth, however
plausible prebiotic minerals such as struvite were
excluded from this list because lack of evidence of
their presence. We believe struvite is ephemeral due to
its low temperature stability, but it is still plausible in
the Hadean and as an aqueous alteration product in
meteorites. Struvite is shown to decompose at
temperatures > 70°C (Fig. 1), as it turns into MgHPO4

at temperature 70°C to 190°C, and finally turns into
Mg2P2O7 after temperature over 200°C (Fig. 2).

Fig. 1 TGA and its derivative (DTG) for struvite heating,
showing a rapid mass loss beginning near 70 °C, and
complete near 200°C, after which the mineral
phosphate slowly polymerizes to pyrophosphate.
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Fig. 2 Laser Raman spectroscopy images for struvite heating
products at (from top to bottom) a) room temperature, b): 70
�C, c): 100 �C, d): 130 �C, e): 170 �C, f):200 �C, all at 6 hours.
The struvite becomes less crystalline at 170°C and 200°C,
and its NMR shows an increase in pyrophosphate.

The transformation of struvite into these other
phases suggests that these other phases could be useful
as a mineral “fossil” leading to the identification of the
potential corrosion of apatite on planetary
bodies/asteroids. Hence, even though struvite is
unstable, these reaction products could show its
presence in samples. However, that requires the
“fossil” minerals to also be stable over geologic
timescales. We find instead that the final product of
struvite decomposition—Mg2P2O7—is itself ephemeral
in the presence of CaCO3, as the CO32- group reacts to
hydrolyze the pyrophosphate group at temperature >
200°C ( Fig. 3), leading to a complete reverse reaction
of struvite to calcium phosphate.

Fig. 3 NMR graph for product between Mg2P2O7

reactions with calcite at temperature 200°C. The
pyrophosphate peak (at -5.3 ppm) diminishes rapidly,
showing hydrolysis into phosphate (peak at +2.8 ppm)
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