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Introduction:  The origin of water in the inner so-

lar system is still a matter of debate. Several studies 
suggest that temperatures were too high in the region 
of terrestrial planets to allow direct formation of hy-
drous phases in the protosolar disk [1]. For similar 
reasons, an initially dry accretion was proposed for the 
Earth (e.g. [2]), followed by a late addition of volatile-
rich materials of asteroidal or cometary origin. Recent 
studies favor asteroids, from which are derived the 
most primitive chondrites (e.g., [3, 4]). In these bodies, 
silicates are certainly the main carriers of water since 
hydrous silicates are abundant in chondrites.  

In most theoretical or experimental studies, the 
precursors of hydrated phases are taken as crystals. In 
this study, we focus instead on amorphous silicates 
because the protosolar dust inherited from the interstel-
lar medium is largely amorphous [7] and because 
amorphous silicate appears to represent a large fraction 
of primitive chondritic matrices [e.g., 8]. Most experi-
mental approaches rely on the use of high water fu-
gacities and/or presence of liquid water in high-
pressure vessels to increase hydration kinetics. These 
protocoles thus imply questionable extrapolation 
through lower orders of magnitude of water fugacity. 
Here we focus on low-pressure experiments, with a 
partial pressure of water below 20 10-3 bar, in the ab-
sence of liquid water. First, kinetics of water vapor 
adsorption on silicate dust are studied. Second, bulk 
solubility and diffusion are determined together with 
the isotopic signature of the diffusing water. 

Methods: Amorphous silica was selected first be-
cause water speciation is dominated by hydroxides 
(OH groups). Above 600°C, molecular water is even 
bearly detected [9, 10]. The water speciation is there-
fore not a major concern in this study. In addition, the 
mechanisms of hydration of silica are already docu-
mented at high water fugacity and in presence of liquid 
water [9, 10]. Here, bulk water captation and diffusion 
were studied in cylinders of high purity synthetic fused 
silica (F500, Heraeus Co., [OH] ∼ 0.02 ppm) between 
200 and 1000°C at 20 10-3 bar for 1 to 30 days. Vapor 
was generated by bubbling pure Ar in a large volume 
(500mL) of ultrapure water at 20°C before injection 
into a vertical tubular furnace. The experimental setup 
was designed to limit the sources of hydrogen isotopes 
fractionation to the vapor production and potentially to 
its adsorption on the samples. In this respect, at 20°C, 
the vapor should be lighter than the liquid batch by 

about 81‰ [11]. Furthermore, the negligible amount of 
water vaporized at 20°C during the runs implies that 
the isotopic composition of the liquid water did not 
change during experiments. Thick sections parallel to 
the elongation axis  of the cylinders were then prepared 
for structural and isotopic analysis. No water was used 
during sample preparation and samples were stored 
under anhydrous inert gas. Water (hydroxyl) was ana-
lyzed by Fourier-Transform Infra-Red spectroscopy 
(FTIR). NanoSIMS analyses were performed at the 
MNHN, Paris. 

In addition, high purity colloidal silica was also 
used as a starting material. It provides a well-
controlled populations of spherical nanograins, an ideal 
configuration to study surface and pore water capta-
tion. For these samples, only thermogravimetric anal-
yses (TGA) were performed. The initial powdered col-
loidal silica (grain size ranging from 6 to 50 nm) were 
first dried in an inert atmophere in the TGA instrument 
for about 12 hours at 200°C. Then, they were subjected 
to water vapor (partial pressure of 20 10-3 bar). Mass 
gain was recorded during several hours between ambi-
ent temperature to 200°C.  
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Figure 1: Hydroxyl concentration profiles measured by FTIR on 

samples annealed at 1000°C for 3 and 7 days. The apparent plateaus 
at the surface is an analytical artifact due to light reflections in the 
relatively thick samples. 

 
Results:  Concerning adsorbed and pore water, 

preliminary results on colloidal silica shows a large 
uptake (several Wt%). The mass gain occurs in two 
steps. First, the mass increases roughly linearly and 
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steeply, which corresponds to the adsorption of water 
at the surface of the starting powder. A slower uptake 
is then observed and probably corresponds to open 
space diffusion of water between colloidal nanoparti-
cles. These two steps may then document first the di-
rect physisorption of water at the surface of amorphous 
silica, second the formation of pore water driven by 
capillary forces. Thermal cycling will now be conduct-
ed to check for potential hysteresis during adsorp-
tion/desorption cycles in the same temperature range.  

Turning to bulk solubility and diffusion, all the 
samples annealed between 200 and 1000°C show sig-
nificant water uptake (Fig.1). The [OH] profiles were 
quantitatively analyzed by standard formalism for 1D 
diffusion in a semi-infinite medium and considering a 
constant equilibrium [OH] at the surface. This concen-
tration was a fit parameter as it could not be deter-
mined at the very surface by our IR setup. For a given 
temperature, all the profiles were satisfactorily de-
scribed by taking a single set of diffusion coefficient 
and equilibrium concentration at the interface (Fig. 1). 
The maximum [OH] concentration in our sample is 
about 170 ppm and the fastest diffusion coefficient is 
about 1.4 10-10cm2.s-1 (at 1000°C). The same samples 
were analysed by the NanoSIMS. Associated with the 
[OH] profile, a clear D/H gradient is observed (Fig. 2). 
Deuterium-depleted OH are found in the innermost 
part of the sample while the surface OH have a broadly 
‘terrestrial’ composition. 
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Figure 2: Isotopic ratio of hydroxyl groups dissolved in partially 

hydrated silica glass. 
 
Discussion: Limiting the comparison to the most 

recent published data [9, 10], our equilibrium [OH] 
and D’s are both lower but within the same order of 
magnitude. This difference is clearly related to the 
lower water fugacity of our experiments, that affects 
the equilibrium [OH] and to the fact that D’s decrease 
with hydroxyl concentration [9]. Considering the mod-
el developed in [9], our data are consistent with previ-
ously published results. But they emphasize the risks 

of crude extrapolation of high pressure data to very 
low water partial pressures. 

More important is the finding that hydration of sili-
cate is associated with hydrogen isotopic redistribu-
tion. From the surface to the interior of our partially 
hydrated samples, the δD becomes 200‰ lighter at 
400°C. This large and systematic change along the 
concentration profil is related to a diffusion-driven 
process. Chemical reactions involved in the hydration 
of silicates should not fractionate H isotopes by hun-
dreds of ‰ at 400°C even in the framework of a distil-
lation process. Nonetheless, a larger and more accurate 
data set is being collected to quantitatively model our 
results within the framework of the typical relationship 
between the diffusion coefficients of two isotopes of 
an element to their mass ratios and to an empirical ß-
coefficient. At this stage,, it is not clear if hydrogen 
isotopes or hydroxyl or molecular water isotopologs 
must be considered as the diffusing species. 

Our data indicate that water uptake occurs rapidly 
and easily even at low water partial pressure and rela-
tively low temperature in clustered nanograins of sili-
cate. Such nanostructure is comparable to the silicate 
dust observed in protoplanetary disks and in matrices 
of primitive chondrites. Furthermore, our results better 
constrain diffusion coefficients and equilibrium con-
centrations of water that can be dissolved in low pres-
sure and temperature environments in amorphous sili-
cates. This process is associated with a large isotopic 
redistribution along concentration profiles. In these 
conditions, the large variability of D/H of the phyllosil-
icates found in chondrites matrices [12] might result 
from the partial hydration/dehydration during transport 
of the grains in a nebular environment or during parent 
body processing parent bodies. However, it might not 
necessarily pinpoint the existence of several well-
defined and isotopically different water reservoirs.  
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