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GRAPHITE "SOLUBILITY AND CO VESICULATION IN BASALT-LIKE MELTS AT ONE-ATM 
R. 0. Colson, Dept. of Earth and Planetary Sciences & McDonnell Center for the Space Sciences, 
Washington University, St. Louis, MO 63130. 

The identity and source of the vapor phase that caused lunar lava-fountaining and vesiculation in 
lunar basalts continues to be of interest because of its implications for the composition and state of the 
lunar interior [e.g. 11 and because of its implications for lunar resources [e.g. 21. In light of the apparent 
near-absence of H20 on the Moon, it has been suggested that the vapor phase may be CO -CO [3, 1, 21. 
This premise is supported by the presence of carbon on the surface of volcanic glass beads f4]. However, 
although the rapid exsdution of CO, from a melt during decompression [5] may be consistent with fire- 
fountaining, it fails to provide a satisfying explanation for vesiculation in mare basalt where exsolution of the 
gas phase would more reasonably be related to cooling/crystallization at low pressure rather than 
decompression from high pressure. Also, geochemical trends in lunar volcanic glasses suggest that their 
source has an oxygen fugacity more reducing than the iron-wustite buffer [6, 71, an oxygen fugacity that is 
inconsistent with presence of dissolved C0,-CO at depth [ I ] .  I report here results of experiments in which 
a vesicular "basaltu is produced from a melt equilibrated with graphite and pure CO gas at one atmosphere 
pressure. The vesiculation is apparently related to exsdution of CO or a CO species during cooling of the 
melt or growth of quench crystals. Additionally, particulate carbon dispersed through the quenched 
sample suggests that elemental carbon is either in solution in the melt prior to quenching or tends to go 
into suspension perhaps as colloid-like particles. These two observations may provide insight into the 
nature of fire-fountaining and vesiculation on the Moon. 

200-300mg of Fe-free basalt-like powdered silicate (Si02-Mg0-A2O3-Ca0) was added with iron or 
nickel metal to a graphite capsule. The capsule lid fit snugly but was not sealed. The experiment was run 
in pure CO at 1485°C for 25 minutes then quenched in air. Based on the highly accurate "glow test' which 
uses how long it takes the sample to stop glowing to estimate cooling rate, the sample cooled at about 20- 
30" per sec. The quenched sample was glassy, with a cloudy dark-grey color (suggesting presence of 
small particles suspended in the glass). The density (darkness) of the grey color varied in a regular pattern, 
apparently reflecting convective mixing either during the experiment or during its quench. The glass was 
free of vesicles. The same sample was returned to the furnace for 33 minutes at 1454°C and again 
quenched, sectioned and examined. This sample was highly vesicular, appearing frothy before sectioning. 
Ignoring vesicles, the sample was 85-90% glass by volume with 5-10% skeletal to euhedral olivine and 
pyroxene crystals bordered by feathery quench crystals extending 3 8  micrometers from the crystal edges. 
These results have been duplicated multiple times with subsequent experiments terminated at either the 
first (glass) stage or crystal/vesicle stage and samples have been sectioned and examined under BE1 and 
with a microprobe. 

The most likely identity of the particulate material suspended in the glass is carbon. This carbon 
may have been in solution in the melt during the experiment but exsolved during the quench or it may have 
been in suspension in the melt, perhaps as colloid-like particles. The gas forming the vesicles would seem 
to have to be CO or some CO species such as a carbonyl, since the experiments were done in pure CO. 
These observations suggest substantial solubility of both CO and C in the melt. To test this, I have done a 
series of experiments varying activities of CO and C independently. To avoid the possibility that 
spectroscopic techniques, such as Raman spectroscopy, which have failed find CO in silicate melts in 
other studies [8], may be failing to detect CO actually present, I have done preliminary analyses using an 
SEM energy dispersive x-ray method with a 5kV electron beam, and an ultra-thin 1000A Parylene window. 
An example carbon peak profile is given in Fig. 1. Because of large uncertainties, the results given in Table 
1 and Fig. 2 are somewhat ambiguous, particularly in light of the unexpectedly large apparent 
concentrations. However, results are consistent with substantial solubility of both C and CO in these melts. 
I am currently trying to use the SlMS instrument here at Washington University to place better constraints 
on the concentration, presence or absence of carbon in these experiments. 

At low pressure, solubility of C02 is quite low [5], and, much more so than water, is rapidly or 
explosively exsdved as pressure decreases. Thus, an explanation of vesicles in basalt by this means 
would seem to require that vesicles were formed by exsolution during decompression at pressures much 
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higher than those at the lunar surface and were somehow retained in the melts after eruption (unlike 
vesiculation on Earth where water continues to boil out of the melts after eruption). It is much easier to 
suppose that vesicles formed as the mare basalts cooled and crystallized at surface conditions, as has 
been demonstrated to be possible by these experiments. 

In light of these experiments, CO and C02 as the gas species responsible for lunar fire-fountaining 
can also be reconciled with a very low interior oxygen fugacity. At oxygen fugacities at or below the iron- 
wustite buffer, and at depth in the Moon, carbon exists primarily as elemental carbon. This carbon will exist 
as graphite and, if a melt is present, either in solution or suspension in the melt. If the melt moves upward, 
perhaps due to density differences with surrounding rock, the resulting decrease in pressure will result in 
reduction of FeO in the melt by the elemental carbon as shown in Fig. 3. This will produce metallic Fe and 
CO during ascent of the magma. [I]  pointed out how carbon floated in the melt would react with FeO and 
COP to increase gas volume, but his calculations presumed a high oxygen fugacity at depth and thus a gas 
phase at depth dominated by C02. These experiments indicate that such high oxygen fugacities are not 
necessary. 
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