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In the first part of this work [I] we described the high-temperature pulsed laser heating of 
pyroxene. We mentioned that a noticeable amount of condensed material was formed as a result of 
pyroxene vaporization in a helium atmosphere. Some of this condensed material was collected on a 
filter placed at an outlet of the vaporization cell. Here we present results on the chemical composi- 
tion and structure of this condensate. 

Condensed material from a filter was investigated using a transmission electron micro- 
scope. Fig. 1 shows a typical condensate composed of amorphous spherules with dimensions 
from 50 to 500 A. Most of these spherules stick together and form chains or clusters. 
Macroscopically the filter condensate appears as a fluffy cohesive material. X-ray microanalysis of 
separate spherules showed a relatively high chemical homogeneity of this condensate. This is the 
result of condensation in a well mixed homogeneous vapor cloud. A mean value of x-ray 
microanalyses of 10 separate condensed spherules is given in Table 1 as "Filter condensate". 

Additionally, in the path of the spreading vapor cloud, a Ni-foil was placed about 4 cm from 
the pyroxene in order to collect condensed material either in the form of spherules or as a direct 
vapor precipitate. The time-of-flight of vapor from the sample to the foil was 10-5 s, which is less 
than the duration of the laser pulse (10-3 s). This condition provided the formation of a condensed 
film simultaneously with the evaporation and excluded time-of-flight effects. A 1 x 1 cm square 
with condensate was cut from the Ni-foil. It was analysed by x-ray photoelectron spectroscopy 
(XPS) which provided an integral analysis of the upper 50 A of the film. After analysis the con- 
densed film was subsequently etched off layer after layer by argon ions in steps of 400 A down to 
the bottom of the film, which was about 4500 A thick. The chemical composition and structure of 
these layers were analysed by XPS. 

The chemical composition of each Iayer of the condensed film is presented in Table 1 
beginning with the external surface of the film. In general relative to the initial pyroxene the con- 
densate is characterized by a noticeable enrichment in Na and Si and a depletion in Al, Ca and Ti. 

This holds for both the filter condensate and the 
condensed film. Concentrations of 0 ,  Mg and 
Fe vary through the depth of the film and show 
values larger as well as smaller than the initial 
pyroxene. In general the composition of the * condensed film is rather uniform. On the 
background of this homogeneity a certain 
difference is present between the early stages of 

t vaporization (bottom layers) and later stages 
(upper layers). The bottom layers show smaller 

;I concentrations of 0 and higher concentrations 
of Na, A1 and Fe. 

Results for the chemical structure of the con- 
Figl. TEM image of condensed spherules. densed film are presented for the elements Si, 

Magnification 28000~. A1,Fe and 0 in Table 2. The chemical structure 
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of the initial pyroxene is also given for comparison. Results are presented as the percentage of 
different structural-chemical forms for each element. We have distinguished five forms of silicon: 
reduced, divalent, silicon which belongs to either isolated tetrahedra, chain silicates or pure Sic. 
For A1 and Fe metallic and oxide phases are distinguished. In the spectrum of oxygen we have 
separated non-silicate and two silicate modes connected with non-bridging and bridging type 
bonds. Compared with vaporization in vacuum, which is characterized by volatilization of 
elements in the form of pure oxides and formation of mainly non-silicate condensed films 121, in 
this case due to the high density of the vapor cloud non-silicate phases form less than 50% of the 
condensed material. The condensed film is highly unequilibrated. This is shown by the 
simultaneous presence of both reduced and highly oxidized phases as for example in the case of Si 
and Fe. Moreover, in the case of Fe, the presence of metallic Fe goes together with a noticeable 
increase in mvalent Fe. Also noteworthy is the coexistence of isolated SiO4 tetrahedra with pure 
Si@. Compared to the initial pyroxene the condensate shows a higher fraction of bridging bonds 
in oxygen due to a noticeable portion of pure Si02. Together with an increase in the silicon 
concentration this provides the increase of acidity of the silicate part of the condensate. 

References: [I] Yu.P. Dikov et al. LPSC XXI, 1990, this volume. [2] Yu.P. Dikov et al. 
LPSC XX, 1989, 244-245. 

Table 1: Chemical composition (atomic $)  of initial pyroxene, filter condensate and at different layers of 
condensed film on a Ni-foil. Errors are flu. 

Element 0 Na Mg A1 Si Ca Ti Fe 

Initial pyroxene 59.74f0.14 1.95f0.28 7.13f0.14 4.29f0.15 18.00f0.16 6.05f0.12 0.31f0.03 2.51f0.08 
Filter condensate 59.98f0.29 3.15f0.20 6.48f0.37 3.21f0.20 19.73f0.32 4.76f0.49 0.20f0.02 2.44f0.11 
Condensate on 

Ni-foi1,surface 63.8 f1.5 1.6 f0.3 5.8 f0.4 1.5 f0.3 20.4 f0.7 4.0 f0.4 <0.1 2.9 f0.3 
depth 100 8, 60.9 f1.5 1.9 f0.2 6.9 f0.5 2.5 f0.2 20.6 f0.7 4.6 f0.4 ~0.1 2.5 f0.2 

500 8, 59.7 f1.4 2.9 f0.3 6.6 f0.5 2.6 f0.3 20.2 f0.7 4.9 f0.4 UO.1 2.2 f0.2 
900 8, 61.1 f1.5 2.0 f0.2 6.5 f0.5 2.9 f0.3 21.1 f0.7 4.1 f0.4 E0.2 1.8 f0.2 
1300 A 61.3 f1.5 1.6 f0.3 7.0 f0.5 1.9 f0.5 21.6 f0.8 3.8 f0.3 EO.l 2.0 f0.2 
1700 A 58.8 f1.4 1.9 f0.2 7.7 f0.5 2.8 f0.3 19.9 f0.7 4.4 f0.4 ~0.1 2.0 f0.2 
2100 8, 58.5 f1.4 2.7 f0.3 6.8 f0.5 2.2 f0.2 20.6 f0.7 4.9 f0.4 U0.2 2.4 f0.2 
2500 A 57.2 f1.4 3.2 f0.3 8.2 f0.5 3.4 f0.3 19.0 f0.7 4.7 f0.4 Z0.1 2.4 f0.2 
2900 8, 57.8 f1.4 3.4 f0.3 8.7 f0.5 4.2 f0.4 18.6 f0.7 4.6 f0.4 E0.1 2.6 f0.3 
3300 A 59.6 f1.4 3.2 f0.3 6.4 f0.5 3.5 f0.3 19.6 f0.7 4.9 f0.4 E0.2 2.6 f0.3 
3700 A 57.6 21.4 3.3 f0.3 6.2 f0.5 4.5 f0.4 20.5 f0.7 4.9 f0.4 E0.2 2.8 fO.3 
4100 8, 58.3 f1.4 3.1 f0.3 5.2 f0.4 4.7 f0.4 20.7 f0.7 5.3 f0.4 U0.2 2.8 f0.3 

Table 2. Valency of Si, Al, Fe and 0 in initial pyroxene and at different 
depths in the condensed film on a Ni-foil 

Element s i A1 Fe 0 

Valency Si" si 2+ si 4+ Si 4+ Si02 A1° A1 2+ FeO Fe 2+ Fe 3+ n-si n-br br 
isol. chain 

Initial - - - 100 - - 100 - 83 17 - 50 50 
Condensate on 
Ni-foil, surface 
depth 100 8, 

500 A 

- - 

n-si : non-silicate bonds 
n-br : non-bridging bonds 
br : bridging bonds 
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