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Evaporation experiments were conducted on basaltic (CMAS and natural basalt), rhyolitic (natural obsidian), and chondritic
(C1 and Allende-like) systems. Our results always showed extreme depletion in d18-O value of residues of basaltic and
chondritic melts. Chemically, depletion in SiO2 and enrichment in refractory components such as CaO and Al203 can be seen
in the residua melts. In C1-like system, MgO also decreased during O-isotope fractionation as well as CaO and Al203. Their
guenched products, therefore, contained typical barred and porphyritic olivines. The 18-O depleted chondrules can be
produced when the precursor matrix is melted and incongruently evaporated at over 1 Pa.

Chondrule formation is the first melting (igneous) event in the primitive planetary materials. From the evidences of
occurrence and chemical characteristic of chondrules, their precursor materials have been believed as similar to matrix
minerals. However, oxygen isotopic compositions of most chondrules are not always close to those of unaltered matrix (d180
= ~+5 per mil) but also lower (-2 - +5 per mil). This fact has been considered as result from O-isotopic exchange during
aqueous interaction (Clayton et al., 1983).

In order to examine the meteoritic origin and planetary formation process carefully, we experimentally investigated O-
isotopic and chemical fractionations caused by evaporation from multicomponent silicate melts during chondrule formation.
Evaporation experiments were conducted on basaltic (CMAS and natura basalt), rhyolitic (natural obsidian), and chondritic
(C1 and Allende-like) systems at T = 1200-1700 degC and P = 0.1M-0.01 Pa. Chemical and O-isotopic analyses were
performed on the products with use of micro-analytical methods involving laser-fluorination and EPMA.

Our experimental results always showed extreme depletion in d180 value of residues of basaltic and chondritic melts. They
are quite opposite to previous results by Walter and Clayton (1967) and Floss et al. (1996) but their experiments were made at
different condition of much higher temperature (~2500 degC) and lower pressure (1E-4 Pa). This 18-O depletion is dependent
on evaporation pressure rather than run duration, The strong 18-O depletion of -23 per mil was observed on residual melts at
~0.9 Pa after 100 min, while no depletion occurred at <0.01 Pa after same period. On the other hand, results on high-Al
basaltic and rhyalitic melts showed less or no O-isotopic fractionation of -0.4 to -0.7 and -0.1 to +0.2 per mil, respectively in
spite of active melt foaming. These different characteristics strongly suggest that negative O-isotopic fractionation from
multicomponent melts could be dependent on chemical composition of the initial melts and on pressure condition during
evaporation.

Chemically, depletion in SIO2 and enrichment in refractory components such as CaO and Al203 can be seen in the residual
melts. From the graphic relation between CaO vs. Al203, chemical enrichment for evaporates from meteoritic and basaltic
systems were found to be obeyed anorthite (CaAl2Si208) and gehlentite (Ca2A12SiO7) vectors, respectively. Especialy,
CalAl molar ratio clearly has negative correlation to d180 value. In Cl-like system, MgO also decreased during O-isotope
fractionation as well as CaO and Al203. Their quenched products, therefore, contained typical barred and porphyritic olivines.

Thus, the result of this study suggests that 18-O depleted chondrules can be produced when the precursor matrix is melted
and incongruently evaporated at over 1 Pa.



