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Supplementary Table 1. Measured phosphite salt solubility characteristics at 298 K including
solubility product (Ksp) and estimated number of moles from addition of excess phosphite salt to
water. Data acquired from ICP-OES, in solutions with pH 7. For contrast the equivalent
predicted solubility of similar phosphate minerals at pH 7 is also given.

Mineral/Salt Ksp Molarity of P
CaHPO3 4.3x10® 0.002
MgHPO; 5.5x10° 0.007
Fex(HPO3)3 5.0x102 0.0001
FeHPO; 1.3x10°® 0.0001
Al(H2PO3)(HPO3) 2.1x10° 0.002
Apatite Cas(PO4):OH 5x10°
Brushite® CaHPQ,4-2H,0 0.0008
Newberyite? MgHPO;-3H,0 0.0017
Vivianite® Fe3(PO4)2-8H.0 4x10°
Strengite* FePO,-2H,0 3x101!
Variscite® AIPO;-2H,0 2x107

Ferreira et al. 2003[S1.26], 2Babi¢-Ivanci¢ et al. 2006 [S1.27], *Al-Borno and Tomson 1994 [SI.25], Nriagu 1972

[S1.28], STaylor and Gurney 1964 [S1.29]



Supplementary Table 2. Experimental fluids and starting conditions.

Total

Sample HPO3 Fe volume pH Atmosphere Temperature
ID (mM) (mg)  (mL) (°C)

This study

A2 30 572 20 7 Air 22+2

A5 30 572 20 7 Air 4+2

A9 30 - 20 7 Air 4+2

Al10 30 - 20 7 Air 22+2

Al2 - 572 20 7 Air 22+2




Supplementary Table 3. Abundances of phosphate produced by the oxidation of phosphite by
iron powder.

Sample Time Dissolved PO, associated Total HPO;3 Formation
PO, with IOH po,  oddaton e

ID (Days)  (umole) (umole) (umole) (%) IOH
A2 0 0 0 0 0.0

3 3 10 14 2.32 +

35 4 9 13 2.2° ++++

1901 9 36 46 7.6 +++++
A5 0 0 0 0 0.0

3 7 0 7 1.2

35 8 0 9 1.4

1,901 600 1 601 100.2 +
A9 0 0 - 0 0.0

3 0 - 0 0.0

35 0 - 0 0.0

1901 1 - 0 0.1
A0 O 0 - 0 0.0

3 0 - 0 0.0

35 0 - 0 0.0

1901 2 - 2 0.3
Al2 0 0 0 0 0.0

3 0 0 0 0.0

35 0 0 0 0.0

1901 O 0 0 0.0

aThe percentage of the oxidation of HPO3? of A2 sample is 600 micromoles less phosphate
formed.
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Chromatogram of phosphorus standards phosphite (peak at 6 minutes) and phosphate (peak at 10
minutes), both at 10 M.



Supplementary Fig. 2.

] ]
o -10r g
-] o 4
o L i
()
[ F 4
c - 4
Lo -15¢ .
-.6 I 4
E - .
[ -
‘-..6 | -
o -20f .
o) - 4
-
25 L 1
_30 [ 1 1 1 i
0 100 200 300 400 500

Temperature (°C)

Thermodynamic models of the fraction of P reduced using various reducing agents as a function
of temperature.
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Fraction of P reduced (P3) relative to phosphate (P5) vs. temperature, depending on mineral
redox buffer system present. QIF is quartz-iron-fayalite, WM is wistite-magnetite, IW is iron-
wistite, QFM is quartz-fayalite-magnetite, and MH is magnetite-hematite.
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Thermogravimetric analysis of the oxidation of Fe(H2POz3)2-2H20 under air. The initial mass
was 9.700 mg. The loss of mass until about 270°C corresponds to dehydration of the two waters
of crystallization, followed by a slow partial oxidation of phosphite (about 25% by 500°C, the
experiment’s completion temperature). The activation energy of the oxidation of Fe(H2PO3)2 is
calculated using the Arrhenius relationship as 42 kl/mol, with a frequency of 0.071 s. At 298
K, the oxidative half-life of this compound is estimated as ~6 years under air. The reaction is
presumed to be first order with respect to Oz partial pressure. At lower partial pressure of O2
(e.g., [6]), the rate should decrease proportional to Po2. Prior to the rise of oxygen (<107°x
present atmospheric level), the oxidation half-life would have been 600,000 years.
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Estimates of the oxidation half-life of a solution of phosphite as a function of fraction of ptxD
enzyme present in microorganisms capable of oxidizing phosphite. Two initial concentrations of
phosphite are shown: 10~ and 10* M. Costas et al. (2001) retrieved’ about 2 mg of ptxD from
20 g of cell mass, after overexpression of the enzyme in E. coli, and this should represent the
maximum enzyme quantity under typical ecological conditions. Likely, the biological oxidation
rate should decrease by a factor of 100-10*x because of a decreased cell count (about 10*
cells/mL vs. 108 cells/mL through the depth of the ocean, see [8]) and because microbes should
not have such a high concentration of the ptxD enzyme (a factor of 10-100x less).
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Eh-pH diagrams for P aqueous speciation. Total P and Fe were 10® M. Allowed species include
Fe, FeO, Fe203, Fe304, FePOs, FePO42H20, Fe**, Fe?*, FeHPO4", Fes(PO4)2(aq), H3PO4(aq),
HsPOs(aq), HsPOz2(aq), H2PO47, H2PO3", H2PO2", HPO4%, HPO3%, and PO4*. The dashed lines
are the oxidizing conditions of present day atmosphere (top), and most reducing conditions
generally found in contact with water (bottom). Under no conditions are phosphite or
hypophosphite considered thermodynamically stable in water at room temperature.
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Eh-pH diagrams for Fe aqueous speciation. Details as per Supplementary Fig. 6.
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