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Introduction:  Nanometer to µ-sized amorphous 

silicate phases have been reported in a number of 
primitive carbonaceous chondrites, including those 
considered to contain the most pristine representatives 
of the solar nebula and highest concentration of pre-
solar grains, e.g. CM2s Murchison and Y-791198, 
CO3 ALHA77307, the ungrouped chondrites Acfer094 
and Tagish Lake, and  CR2s GRA95229, GRA06100, 
MET 00426 and QUE 99177 [1-8].  It has been pro-
posed that meteorites are the best preserved materials 
from our solar nebula before the processes of aqueous 
alteration, brecciation and thermal metamorphism left 
their indelible marks [9].  Studying these chondrites 
will yield insights to understand the nature of the first 
solid materials to occur in our solar system [9].   

The amorphous silicate smokes produced by [10] 
have metastable eutectic compositions and have simi-
lar infrared spectra as materials observed in circumstel-
lar and cometary dust [10].  Therefore they offer the 
best known analogs of unhydrated amorphous silicate 
materials for experimental trials to understand the na-
ture of the secondary processes which have affected 
the finest-grained solids from the most primitive mete-
orites.   

Previous hydration experiments involving the Mg-
silicate smokes show that these reactions are exos-
thermic and have produced interwoven phyllosilicates, 
similar to those observed in the CM2 chondrites, such 
as Y-791198 [11].  Additional experiments show that 
smokes hydrate at higher reaction rates at higher 
Mg:Fe ratios and only with liquid water; water vapor 
and ice have shown no observable effects on their 
nano-texture or magnetic properties [12]. Although 
[13] showed that the Fe-silicate smokes uptake water, 
[11] found no changes in the nano-texture or magnetic 
properties after 6 months in contact with H2O. 

We set out to determine the effects of water:rock 
ratios and Mg:Fe ratios on any temperature and pH 
changes that take place during hydration of the silicate 
smokes. 

Analytical Methods.  Fe-Si-O smoke created at 
500K in September 2003, acquired from Joe Nuth’s 
laboratory in the summer of 2005, was hydrated at two 
water:rock ratios at room temperature. Approximately 
40mg of Fe-smoke was placed in a clear glass crucible. 
Distilled water was added in ratios of 40mg:4mL and 
40mg:2mL.   

A second series of experiments was conducted in 
which the Fe-smoke was mixed with Mg-Si-O smoke, 

created at 800K in October 2003, and hydrated in two 
Mg:Fe ratios (1:2 and 1:3) and at two water:rock ra-
tios, for a total of four batches of experiments.   

For both sets of experiments, the temperature and 
pH of the reaction was taken with a OakTron 
pHTestr30 pH meter every 10s from the moment the 
water was added for up to 30 minutes.  Room tempera-
ture was recorded every minute during the reaction.  
The experiments were conducted open to the atmos-
phere. 

Results:  Overall the trend in these reactions is that 
higher Mg:Fe ratios result in higher reaction tempera-
tures.  Also, the Mg-containing smokes become alka-
line while the pure Fe-smokes become acidic.   

Fe-Silicate Smokes.  Hydration of the Fe-smokes 
show <2 degrees Celcius total change in temperature, 
even after two hours.  However, these reactions are 
particularly variable. Some reactions seem to even lose 
heat; temperatures recorded during these reactions are 
below room temperature (Fig. 1).  

The pH of the reaction starts out at or above neutral 
and drops to acidic pH ranges within the few couple of 
minutes and continues to drop (Fig. 2).  After 30 min-
utes of hydration, the pH of the Fe-smokes did not 
seem to equilibrate, but continues to fall to lower pH 
values even after 2 hours.  Water:smoke ratio does not 
seem to be a major factor in the temperature or pH of 
hydration of the Fe-smokes.  The highest amount of 
variability is between the batches of experiments with 
the same ratios: 10mg:1mL and 40mg:4mL.  

 
Figure 1. Temperature-time series plot of hydrated 

Fe-smokes showing neglible temperature change with 
time. 

Mg-Fe-Silicate Smoke Mixtures.  Hydration of the 
Mg-Fe smoke mixtures consistently show 1-2 degrees 
Celcius temperature increase with the higher Mg:Fe 
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ratios showing slightly higher temperature changes 
(Fig. 3).  The reaction temperatures of the Mg-Fe mix-
tures seem to level off after ~3 minutes.  Like the Fe-
smokes, the temperatures even drop below room tem-
perature, even more strongly than some of the Fe-
smokes.  This is in stark contrast to the data of [11] 
who showed that the temperatures during hydration of 
pure Mg smokes continue to climb until well past 5 
minutes.  

 
Figure 2. pH-time series plot showing how hydrated 
Fe-silicate smokes become more acidic with time. 

The pH of the Mg-Fe mixtures climbs from nearly 
neutral to alkaline values, as high as 10.5, within the 
first 30 seconds and converge to 10.3-10.1 within the 
first two minutes (Fig. 4).  Again, water:smoke ratio 
plays a minor role in the pH of the reaction, with the 
higher water:smoke ratios reaching slightly lower val-
ues than those with higher water:smoke ratios. 

Discussion:  Since two of our experimental runs 
with pure Fe-smokes show no change in temperature, it 
is possible that the hydration of the Fe-silicate smokes 
is endothermic. Since hydration of pure Mg-silicate 
results in temperture change of 4-8 degrees Celcius 
[11], it seems reasonable that the presence of Fe acts to 
reduce the extent of the exothermic hydration of Mg-
silicate.  This is consitent with the observations by [11] 
that with increasing Fe:Mg ratio, the transformation of 
the smoke nano-particles to a hydrated gel-like mate-
rial is also retarded.   In both our experiments and in 
those of [11] the smoke:water ratio shows less of an 
affect than the composition.  Therefore, it is likely that 
the reason for the survival of amorphous materials in 
the matrices of the carbonaceous chondrites which 
have sustained aqueous alteration is due to their Fe-
contents and not necessarily a low water:rock ratio.   
The relationship of hydration to changes in pH seems 
more complicated.  The alkaline nature of the hydra-
tion reactions involving Mg are not surprising in light 
of the EQ3/6 calcuations of [14] which showed that 
theoretically, Mg-silicates react with water to form 
serpentine, driving the solution to alkaline values very 
quickly.  This is almost certainly due to the H+ attack-

ing the Si-O bonds, resulting in an overabundance of 
OH- in solution.  However, the acidic nature of the 
hydration of the Fe-smokes is less straightforward.  It 
could be due to the formation of Fe-hydroxides, such 
as goethite, therefore leaving more H+ behind in the 
solution.   

 
Figure 3. Temperature-time series plot of Mg-Fe-
smoke mixtures showing higher reaction temperatures 
with higher Mg:Fe ratios. 

 
Figure 4. pH-time series plot showing how hydrated 
Mg-silicate smokes become more alkaline with time. 
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