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Venus, Earth, and Mars differ in size, distance from the Sun, atmospheric composition, and ambient conditions. 
However, during the first 500 Ma after their formation—approximately 4.56 Ga ago—they probably had comparable 
surface environments.

Although each terrestrial planet formed mainly from locally sourced materials, the final stages of accretion softened 
chemical differences by incorporating water and other volatiles from the outer Solar System—shepherded inwards by 
the wanderings of Jupiter and Saturn [9]. As the three planets cooled, their mantles degassed atmospheres, a large part 
of whose water later condensed, giving rise to global oceans, or at least, large expanses of water many hundreds of 
metres deep [1]. We may expect this process to have taken place initially on Mars, then on Earth, and (perhaps) finally 
on Venus. We include this qualifying “perhaps” because high-altitude water is readily dissociated by ultraviolet light 
with subsequent loss of hydrogen to space. Some authors believe that Venus’ atmosphere may have dried out before 
its water had a chance to condense [3]; many others disagree [10].

Fuelled by internal heat, rapid material turnover coupled with vigorous hydrothermal circulation brought about the 
sequestration of most atmospheric CO2 into carbonate minerals. Because the luminosity of the young Sun was 70% 
that of today, in the absence of strong greenhouse forcing, surface temperatures would have rapidly plunged to sub-
freezing values—on Earth and Mars, not on Venus [8]. However, a gradual buildup of CH4, assisted by a generally low 
planetary albedo (water is dark), alleviated the effect of the rapidly thinning CO2 presence. As water diffused down-
ward through fractured ocean crust, it reacted with mantle rocks at high temperatures to transform into a hydrothermal 
fluid able to promote serpentinization [4]. Serpentinization produces H2 that can react with oxidized carbon com-
pounds under reducing conditions to emit CH4 and other simple organic molecules in the form of ubiquitous thick, 
smoke-like underwater plumes [6,5]. And here we connect with the García-Ruiz et al. [2] article.

The paper starts by explaining how, under alkaline conditions, silica can induce the formation of biomimetic struc-
tures. The emphasis of this work is not placed on warning investigators about the perils of attempting to identify 
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potential microorganisms on the basis of morphology alone. In fact, those familiar with the analysis of microbial 
colonies’ palaeorelics would likely not be “taken in” by the biomorphs. Rather, the message is another: that the min-
eral world can, under certain conditions, approximate some of the behaviours we associate with living things, and that 
this distinction may have once been very much blurred—see also Saladino et al. [7].

The authors propose that, while CH4 levels were important, the terrestrial ocean’s pH would have remained high. 
We are not so sure. CO2 will readily dissolve in water to give a slightly acidic ∼pH 6 sea, as supported by our analysis 
of 3.5 Ga samples from the Pilbara and Barberton [11]. However, most of their assertions regarding the mineral 
scenario’s ability to support interesting prebiotic reactions would hold true even for the case where these alkaline 
environments would be geographically restricted, or even local, or circumscribed to the plumes.

The work mentions the upcoming ExoMars rover and its objective to search for biosignatures in Noachian (4.0+ 
Ga) Mars deposits [8]. We would really welcome an extension, or a discussion, of the paper’s thesis to the Venus 
and Mars case. For the former, the assumption should be a global ocean with water temperatures in the range 20–60◦
during the faint, young Sun period. For the latter, the waters’ surface temperatures would have hovered around the 
freezing point, or below. In both cases, the internal heat of the young planets would have been the engine driving 
rock-water interactions releasing their warm, organics-rich exhalation in a submarine environment.
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