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Hydrous alteration may affect amorphous silicates in the interstellar medium [I]. Thus, the 
ratio of hydrated versus anhydrous silicates is relevant to understand the early history of the 
primitive solar nebula [2,3]. For example, infrared [IR] spectral analyses of comets show that 
hydrated silicates are part of the ejected dust [4] while the dust compositions in comet P/Halley 
are consistent with -8% of its dust as phyllosilicates [5]. These studies do not constrain the 
phyllosilicate origins, i.e. primary (interstellar dust) and secondary phases that formed in situ via 
hydrocryogenic and low-temperature aqueous alteration. Assuming that a fraction of chondritic 
interplanetary dust particles includes cometary debris, phyllosilicates in icy protoplanets have a 
largely secondary origin [6,7]. Experimentally determined hydration rates in amorphous Mg-SiO 
smokes indicate that significant hydration occurs in several months at 300K to several hours at 
400-450K [3]. The rates are established based on changes in several features of the IR spectra. 
These changes in relative strengths of the features are indicators of changes in the Mg-SiO 
system but not of the diagnostic mineralogy [2,3]. This study monitors the mineralogical and 
textural changes in the Mg-SiO smokes used to develop the kinetic model [3]. Leaching and 
solid-state diffusion are probably the rate limiting steps in protophyllosilicate formation during 
hydration of vapor-condensed amorphous magnesiosilica materials. 

I use a Jeol 2000FX AEM operated at 200 keV that allows determination of the chemical 
properties and the crystalline or amorphous nature of areas -10-20 nm in diameter. The samples 
include (1) the starting material, (2) four samples heated in contact with liquid water at 357K 
for 48, 72 and 96 hours and at 368K for 9.1 hours, and (3) two samples in contact water at 
378K for 3 and 7.5 hours (for details, cf. ref. [3]). A small portion of each sample is embedded 
in epoxy to obtain ultrathin (80-100 nm) sections for AEM analyses. 

OBSERVATIONS. The original smoke contains three distinct textural units: (I) large (40-160 
nm) opal-A spheres with tridymite domains (4 - 1-3 nm), and radial shrinkage features. They 
are a kinetically-controlled late condensate [8] that occurs in all samples, (11) fluffy silica smoke 
with limited coagulation of its spherical units (4 = 27.5-85.7 nm; mean = 56.6 nm), and (111) 
fluffy Mg-SiO smoke with well-identified spherical units (4 = 4.7-34.0 nm; mean = 19.35 nm). 
The recognisable units of the silica smoke become smaller (4 = 7.7-68.5 nm; mean = 38.1 nm) 
with hydration time (densification?). There is also increased blurring of these units into patches 
of nonporous silica material. After 96 hours (357K) the originally distinct silica and Mg-SiO 
smokes become entangled due to collapse of the smoke texture. Silica smokes are not recognised 
in hydrated samples at 378K. The original Mg-SiO smoke texture is present in all samples but 
compact, nonporous patches (40-70 nm in size) occur after 48 hours (357K). After 72 hours 
many areas of the original smoke collapse into nonporous patches with > 25 Mg el.wtOh. The 
samples after 96 hours (35710, and 3-7.5 hours (378K), also contain ragged spheres (4 11 20 - 
215 nm) with > 25 Mg el.wt%. All silica and magnesiosilica materials are amorphous. 

Table 1 shows the compositions (Mg el.wt%) of the hydrated Mg-SiO smokes as a function of 
time and temperature. The bimodal distribution after 72 hours is real but remains unexplained 
at this time. Bimodality is not observed in samples heat-treated at 378K which show the same 
full range as the sample after 72 hours (35710. The mean compositions and ranges delineate the 
liquid immiscibility region in the MgO-SiO, phase diagram. The maximum values match the 
enstatite-crystobalite eutectic which is consistent with Mg6Si80, (or, Mg6Si80,,(OH),, i.e. talc, 
kerolite, or saponite. For this qualitative comparison the ~ g - i i 0  condensate represents the 
"quenched liquid" while leached silica precipitates as opal-A rather than cristobalite. 

Protovhvllosilicates. After 48 hours (357K), and 3-7.5 hours (378K), the nonporous patches 
and ragged spheres display a tangled network of phyllosilicates that are typically one or two 
basal units thick. After 73 hours (357K) extremely rare crystallites are up to five basal units 
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thick.   he basal lattice fringes range from 1.0 - 3.4 nm (mean = 1.86 nm; N=72). The spacings 
show no statistically significant differences among the hydrated samples. The most common 
spacings are between 1.2 nm and 2.2 nm with a distinct mode at 1.87 nm (range 1.6-2.16 nm). 
The fringe spacings support saponite. After 7.5 hours (378K) rare nanocrystals with 0.9 nm 
basal fringes suggest that talc, or kerolite, forms in addition to smectite. 

TABLE 1: The mean and range (R) of Mg-contents (el. wt%) in hydrated magnesiosilica 
materials as a function of time and temperature. 

Temp (OK) Time (hours) mean R S 

starting material 14.7 6.4-20.0 -0.575 ........................................................... 
357 48 16.3 2.5-29.4 (NO) 
357 72 6.9 2.5-12.7 -0.64 

23.6 13.3-36.9 
357 96 7.8 2.2-18.8 

Note: Populations are normal distributions at 95% significance level unless otherwise indicated (NO in the table). 
In case of non-Gaussian distributions the skewness value (S) is indicated. 

DISCUSSION. The textures, sizes, and compositions of the units support mobilisation of silica 
as a function of hydration time. Leaching mimics liquid immiscibility in the MgO-Si02 phase 
diagram. That is, particular bond configurations are stable in the hydrated amorphous materials 
prior to phyllosilicate formation. The phyllosilicates spacings are similar to primitive clays in 
volcanic and synthetic glasses where a prominant 0.3-0.33 spacing may be attributed to the Si-0 
bond [9]. This spacing times eight is similar to the mean maximum spacing, 2.8 nm, in the 
hydrated samples. Protophyllosilicates only form in areas with a eutectic composition. While the 
bulk Mg/Si ratios do not match saponite or talc, spinodal fluctuations may induce nucleation. 
The magnesium diffusion coefficient in "enstatite-like material" at 298K, 1 0 - ~ ~ - 1 0 - ~ ~  m2/sec 
[lo] suggests that diffusion will not restrict protophyllosilicate growth in the samples. Hydrated 
samples obtained after longer heat-treatment periods are under investigation. It is anticipated 
that layer silicates will be pervasive in these samples. 

CONCLUSION. Hydration of the magnesiosilica smokes is characterised by leaching and solid- 
state diffusion that allows protophyllosilicate formation in amorphous, nonporous smoke areas. 
The IR features clearly reflect hydration of the magnesiosilica materials but not the actual form 
of protophyllosilicates. The results of the previous IR study [3] and this AEM analysis show that 
primitive saponite and talc (or, kerolite) may be present in interstellar dust, comet nuclei, and 
outer belt asteroids. 
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