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Only extraordinary volcanism can explain the
presence of parts per billion phosphine on Venus
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Truong and Lunine (1), in PNAS, recently described

1E+04

a model of the production of phosphine on Venus, mQlF
in which phosphine is proposed to be the result of reoz [IM
interaction of deep-mantle phosphides with acid in %LMO FMQ
the clouds. We believe that it has two quantitative 3 '
flaws. R

The first is that erupted material will not reflect 8 Leos -
the chemistry of its deep-mantle source. Oxygen g
fugacity is a function of temperature, pressure, and 5 1606
rock composition (e.g., refs. 2 and 3). The oxygen - s [
fugacity of a rock of fixed bulk composition at the ~ §
base of the lithosphere will be substantially different g 110
from the oxygen fugacity of the same rock in the =
deep mantle, even though they have the same L
intrinsic oxidizing capacity. Therefore, for the oxy- YETE

gen fugacity of the deep mantle to dictate the com-
position of volcanism at the surface (low pressure),
the relaxation of a system to low-pressure thermo-
chemical equilibrium (and its associated higher f(Oy))
must be suppressed. Suppression implies rapid
quenching of mantle material (on a timescale of
minutes to hours), which is incompatible with the
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Fig. 1. Under no plausible circumstances is more than 10> of phos-
phorus present as phosphide in erupted magmas; y axis: fraction of
phosphorus present as phosphide (FeP) in silicates. Categories are
depth (temperature) and oxygen fugacity (degree of reduction) of
the erupta. Fe3P is three orders of magnitude less abundant. QIF,
quartz/iron/fayalite buffer; IM, iron/magnetite buffer; FMQ, faya-

rate at which plumes raise deep-mantle material to
the surface [tens of meters per year (4)]. On Earth,
the overwhelming majority of erupted magmas
sample the bulk chemistry of the upper mantle and
lithosphere. The lithosphere of Venus is almost
certainly oxidized, but, even if it is highly reduced,
thermodynamic calculation shows that <107 of the
phosphorus at upper-mantle pressures and tempera-
tures will be present as phosphide (Fig. 1).

The second is that explosive volcanism is rare on
Venus. Explosive volcanism requires rapid degassing
of high loadings of volatiles in viscous melts. On
Earth, such magmas are dominantly derived from
either the interaction of intrinsically dry magma with
surface water (producing phreatomagmatic eruptions)

lite/magnetite/quartz buffer.

or the introduction of water and sulfur into the man-
tle source region of magmas by subduction. Neither
subduction of hydrated oceanic crust nor magma-—
water interaction can happen on modern Venus, as
it has no oceans. Reflecting this, the planet is
degassing hydrogen-rich volatiles at 10% the rate of
Earth (5). Rather, volcanism on Venus is expected to
be effusive, and, consequently, far less efficient at
converting magma to fine ash that could be brought
to the cloud decks. This is confirmed by radar
observations (6, 7). In addition, it is chemically
inconsistent to postulate a water-rich rock that
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contains phosphide, as phosphide reacts with water at high  This is roughly the equivalent of an Olympus Mons—scale vol-

temperatures. cano every 138 y. More realistic assumptions (e.g., regarding
These two factors alone require at least 21,600 km3/y of  phosphine lifetime) require even more volcanism.
magma to deliver the required amount of phosphide to the Note Added in Proof. A detailed, quantitative description

clouds, not 0.03 km3/y as calculated by Truong and Lunine (1). of the model described here has been published recently (8).
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