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Introduction:  Venus is a very warm and dry 

planet with a dense carbon dioxide atmosphere. Alt-
hough water should have been abundant on early Ve-
nus, it is scarcely present today at the level of few ppm 
in the low atmosphere (below the clouds). Numerous 
measurements fixed the deuterium:hydrogen ratio in 
Venus atmosphere at high values, suggesting that a 
large part of water escaped to space and raising ques-
tion on the geochemical cycle of H2O on Venus [1]. 

The presence of few centimeters thick slabs ob-
served at the Venera landing sites suggested that the 
surface of Venus could be chemically altered. Chemi-
cal weathering has never been directly measured given 
the lack of mineralogical and chemical data at micro-
scopic scale. Scenarios have however been modeled 
and experimented [2-5] , focusing on the effect of a 
dry atmosphere and assuming the hypothesis of chem-
ical equilibrium between the atmosphere and the 
rocks: anhydrite formation, oxidation of pyrite, …  

In this study we explored the alternative scenario, 
that of an ephemeral aqueous alteration process during 
wet volcanic events. We experimentally reproduced 
the current Venus surface conditions and made react 
volcanic materials for few days with CO2 + various 
amount of water. The question is the nature and extent 
of mineral transformation versus H2O fugacity, and the 
possible reversibility of the process leading, or not 
[6], to the complete remove of the secondary paragen-
esis previously produced.   

Experimental:  The experiments were conducted 
at 470°C during one to seven days in a 300 ml hydro-
thermal cell made of Hastelloy and heated by an elec-
tric furnace. The reactor is equipped with several con-
nections allowing the control of the pressure and the 
addition of several gases by separate ways. Three rock 
samples were used: an hydrothermally altered basalt 
from Piton des Neiges (Ile de la Réunion, France), a 
fresh picritic basalt from a recent lava flow of Piton de 
la Fournaise (Ile de la Réunion, France) and an obsid-
ian from Vulcano island (Italia). Centimetric samples 
were reacted under 95 bars CO2 (modeling the low 
atmosphere) + various H2O pressure (modeling a vol-
canic contribution) up to 140 bars. In the last case, the 
total pressure was 235 bars and the H2O:CO2 molar 
ratio approached 2:1.  

The samples were examined at the end of the ex-
periments under scanning electron microscopy (SEM) 
and by X-ray diffraction (XRD).  

Results:  Without water, or at low H2O partial 
pressure, the rock forming minerals of the volcanic 

samples did not show any sign of alteration even after 
one week of reaction. Especially, no secondary car-
bonate phases were detected. The predicted thermody-
namic reaction converting diopside or olivine into cal-
cite or other carbonates did not occur at this time scale 
without of water. The only observation is the expected 
change in the interlayer distance of the phyllosilicates 
in the altered basalt sample.  

In water dominant atmosphere (Figure 1), the min-
eralogical change is more spectacular: the surface of 
the obsidian sample is transformed into a 10-50 mi-
crons thick anorthocase-horblende assemblage, the 
millimetric olivine crystals of the picritic basalt, as 
well as plagioclase, are covered by micrometric phyl-
losilicates but pyroxene does not display visible signs 
of alteration. From these preliminary results, the reac-
tivity of the rock forming minerals can be ranked as 
follows:  glass >> olivine, plagioclase > pyroxene. The 
absence of secondary carbonates is still noticeable 
again. We should also mention the precipitation of 
silica in the colder part of the reactor, suggesting an 
efficient mass transport in the supercritical wet fluid in 
response to a thermal-induced chemical gradient. 
Si,Al,Fe,Mg coating of plagioclase also suggests mass 
transfer at lower scale. 

These preliminary results suggest that secondary 
hydrated minerals, even metastable, can easily form 
and may persist at the surface of Venus as previously 
proposed for tremolite [6]. Further experiments will 
include SO2 as a component of the gas, and 
LIBS/Raman microanalyses of the altered surfaces will 
provide information on the capacity of determining the 
micro-mineralogy of the Venus surface on possible 
future spacecraft missions. 
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