
LPS XXVI 1167 

ON THE POSSIBILITY OF PHYLLOSILICATE ALTERATION IN THE KOSI-2 COMET 
SIMULATION EXPERIMENT. 

Frans J.M. ~ietmeijer ' )  and Klaus   hi el^). '1 Deparment of Earth and Planetary Sciences, 
University of New Mexico, Albuquerque, NM 87131, U.S.A.; 2, Department of Nuclear 
Chemistry, University of K61n, D-50674 Kaln, Germany. 

Phyllosilicates, particularly smectite minerals, are the dominant phase in hydrated chondritic 
interplanetary dust particles [IDPs] and they are minor constituents in chondritic porous IDPs 
dominated by olivine and/or pyroxenes plus carbon materials [I]. The Mg/(Mg+Fe) distribution 
pattern of comet Halley suggested that layer silicates may be part of its dust [2], while infrared 
spectra of cometary and interstellar dusts can be matched by infrared spectra from mixtures of 
olivine-, pyroxene-, and smectite-rich IDPs [3]. Thus, conditions for layer silicate evolution in 
protoplanets [I], and their spectral detection, are of considerable interest to studies of inter- 
stellar and circumstellar dusts and early solar system evolution [4]. 

The German KOSI team successfully simulated the physical response of comet nuclei during 
perihelion [5,6,7]. Among others, these carefully conducted experiments provided insight in dust 
production rates, grain aggregation, ejecta size distributions, as well as in the conditions 
conducive to the presence of liquid water [8]. The large scale of the KOSI experiments 
necessitated the handling of large volumes of mineral powders that were chosen as a reasonable 
analog to cometary dust constrained by the IDP mineralogy. In the KOSI-2 experiment the 
mineral proportions of the "dust" were olivine (-90wt%), montmorillonite (-lOwt%) and traces 
of graphite and charcoal [5]. Although considerable effort was made to obtain impurity-free 
silicate powders, this goal was not fully achieved for the large volumes of dust used in this 
experiment. The olivine powder contains 5- 1 1% orthopyroxene, 1.7-2.2% chlorite, 1 .O- 1.5% 
serpentine, 0.1-0.4% talc and 0.5% spinel. The montmorillonite (used generically for clay 
minerals) powder contains 3% feldspar, 2% muscovite, 1% quartz and 1% cristobalite [9]. 
EXPERIMENTAL. For this study using a Jeol 2000FX analytical electron microscope (AEM) a 
small sample was randomly selected from the dust produced in the KOSI-2 experiment. It was 
embedded in epoxy for preparation of ultrathin (80-100 nm) sections suitable for high 
resolution TEM and AEM analyses. Smectite and corrensite identifications are based on electron 
diffraction, lattice fringe imaging and chemical analysis. The dust was in water ice at -196OC 
during about three days prior to and during the experiment. Upon emission from the 'comet' 
during the experiment the dust was kept at about -lOO°C. After the experiment the dust was in 
dry-storage at room temperature [9]. The original sample was prepared by spraying a wet 
suspension of olivine-montmorillonite mud into LN2 which is the only occasion when dust was 
exposed to water at -25OC. 
RESULTS. The orthopyroxene was identified as orthoenstatite, En,,Fs,, with 0.9 nm-wide 
clinoenstatite fields indicative of shear or static pressure. This study confirmed the presence of 
several impurity phases: a silica phase, feldspar and mica. The mica composition supports 
celadonite rather than muscovite. This study did not locate chlorite, serpentine, talc and spinel 
which may reflect sample heterogeneity at the level of these impurities. 

The phyllosilicates are smectite and high-A1 montmorillonite is rare. They occur as irregular 
crystallites with turbostratic stacking of basal layers with a fringe spacing of 1.4 nm. An 
epitaxially-related layer silicate with a 0.9 nm basal spacing (halloysite?) may support incipient 
kaolinisation of montmorillonite which is a common alteration feature. Smectite forms well- 
ordered crystallites (on average 180 x 40 nm in size) of parallel stacked ribbons (5-10 basal 
layers thick). Stacking faults produce a slight c-axis rotation of these ribbons. They tend to 
occur as dense, lens-shaped objects about 450 x 180 nm in size. The smectite structural formula 
is calculated on the basis of O,,. The resulting cation net (ionic) charge is zero when iron is 
calculated as ferric iron. The tetrahedral sites invariably include (Si+Al). The mean octahedral 
site occupancy is 5.125 ( l a  = 0.205) and the mean ratio A ~ / ( A I + F ~ ~ + + M ~ + )  = 0.44 ( l o  = 0.06), 
where M ~ +  is Mg and (rare) Ca. This site occupancy supports a mixed di- and tri-octahedral 
smectite phase. The ratio M ~ / ( M ~ + F ~ ~ + )  = 0.48 - 0.76. Potassium is the only interlayer cation 
and the resulting interlayer charge ranges from 0.1 to 1.8 (average = 1.1). Within the uncertainty 
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of elemental analysis using energy dispersive spectrometry the data support a mixed smectite 
assemblage of dioctahedral Fe-rich beidellite and trioctahedral saponite (possibly Fe-rich 
saponite with all iron as ~e") .  A basal lattice fringe spacing of 1.04 nm ( l a  = 0.04 nm) supports 
a collapsed smectite structure. A 1:l correlation between ~e'+(vi) in the octahedral sites and 
Al(iv) in the tetrahedral site defines a coupled substitution Mg(vi) t Si(iv) = ~e'+(vi) + Al(iv) 
consistent with the high Fe and A1 content of these phyllosilicates. Rare phyllosilicates have a 
stoichiometric, charge-balanced structural formula when calculated on the basis of Obo with an 
average octahedral site occupancy of 16.2. They may contain K-filled interlayer. This phase is 
probably a 1:l interstratification of predominantly trioctahedral chlorite with ibid. smectite. 
Basal lattice fringes of 1.5 nm and 1.05 nm support the presence of smectite and chlorite. 
Strictly speaking the lack of regular interstratification of these phases prohibits its identification 
as corrensite but regular interstratification may not be uniform among corrensite grains [lo]. 

DISCUSSION. Most of the montmorillonite in the dust from the KOSI-2 experiment is a mixed 
smectite Fe-rich beidellite and Mg(-Fe) saponite assemblage with all iron as ferric iron. The 
presence of corrensite with a similar smectite component suggests that some exchange between 
the smectite assemblage and chlorite impurities may have occurred. This interstratification was 
most likely produced during the experiment that involved several stages of simulated solar 
exposure with an intensity of 0.4-2.9 solar constant [5]. If this interpretation is correct corrensite 
formation supports ionic migration during the KOSI-2 experiment. This migration suggests that 
hydrocryogenic alteration occurred in the artificial comet. 

Hydrocryogenic alteration is due to an interfacial liquid water layer on dust/ice interfaces 
below the melting point of water-ice. The effectiveness of interfacial water layers to promote 
mineral growth is exemplified in the Antarctic Dry Valleys' permafrost [ l l ] .  This alteration was 
invoked to explain phyllosilicate and salt formation in protoplanets [12]. Assuming the KOSI-2 
experiment simulated an active comet nucleus, this result is the first indication of hydro- 
cryogenic activity in active comet nuclei during perihelion passage. The uniformly high ferric 
iron content of smectite and corrensite may have consequences when it can be ascertained that 
oxidation is not an experimental artifact. Dehydroxylation of smectites while maintaining 
integrity of its crystal structure may occur by (1) oxygenation when exposed to atmospheric 
oxygen or heating in air, ( ~ e ~ '  + OH-)sm + 1/402 = (Fe3+ + 02-)  + i/aH 0 ,  and (2) 
dehydrogenation in a vacuum or by heating in an inert gas or vacuum, @e2+ + = (Fe3+ 
+ o ~ - ) ~ ~  t i/aH2 [13]. Oxygenation of layer silicates similar to terrestrial aqueous oxidation 
durlng mud spraying in the KOSI-2 sample preparation cannot be excluded as the kinetics of 
this process are not suitably defined to evaluate its impact at the particular conditions of the 
experiment. It remains possible that simulated stages of solar exposure created an environment 
conducive to dehydrogenation and oxidation of smectite assemblages and corrensite. 

CONCLUSIONS. The KOSI-2 experiment was not designed to study crystallochemical changes 
in constituent phyllosilicates. Still, this experiment provided tantalizing clues to the feasibility of 
hydrocryogenic alteration in active comet nuclei and on the possible preponderance of ferric 
iron in cometary phyllosilicates. The latter will be significant for infrared analyses of comet 
dusts. That is, high Fe3+ contents and associated loss of hydroxyl groups by intracrystalline 
redox reactions could obscure their detection [13] in active comet nuclei. 
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