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Introduction: Available evidence suggests in the
absence of water, carbon is the element responsible for
generating the gas phase that drove lunar fire-fountain
eruptions [1, 2]. The gas phase is generated by the oxi-
dation of reduced C carried in the magma from depth
[3]. Recent experiments have confirmed that C first
forms a CO-rich gas phase in lunar picritic magmas at
40 MPa (~8.5km) [4]. A conduit flow model [5] pre-
dicted as little as 50 ppm C in the magma would create
gas in sufficient quantities to drive the lunar eruptions.
Recently, Saal et al. [6] identified indigenous H (H,0),
F, Cl, and S in a range of picritic glass compositions.
Concentrations were found as residual diffusion-loss
profiles in the lunar beads, which led to estimates for
initial lunar volatile abundances. With new SIMS de-
tection limits of 0.13 ppm C, Saal et al. [7] determined
that picritic glass beads contained from 0-0.69 ppm C.
Our study was designed to determine the solubility and
speciation of C in H-bearing, graphite-saturated picritic
lunar magmas, and the effect of H on the initial gas
phase generated in these magmas at liquidus T°s.
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Fig 1: Carbon vs. pressure graph shows C increases
with increasing P in the graphite-stable field at fO,
~IW. C decreases with the generation of CO-rich gas at
P<400 bars (dashed line). CH, fugacity for the coexist-
ing fluid phase was calculated [10].

Experimental and analytical methods: Experi-
ments on synthetic A15 green glass compositions were
carried out in an IHPV on pellets of powder, which
were reduced to fO,~IW. Samples were run with
excess graphite in sealed Pt tubes as described by [4].
Temperatures were 1465°C, or ~15°C above the green
glass liquidus T, at lower pressures and 1500°C for
higher pressures (1 GPa). Pressures ranged from 30-
1000 MPa. Samples were quenched to a glass and ana-
lyzed by EMP, SIMS, FTIR, and Raman spectroscopy.

Results: Experimental samples pre-set at IW and
enclosed in graphite contained a glass with lower FeO
due to the formation of Fe-metal at pressures below 40
MPa. At pressures greater than 40 MPa, C in the green
glass has a strong positive correlation with pressure
(Fig. 1). Abundances were determined by SIMS for all
of the glasses, resulting in 3-150 ppm C at lower pres-
sures and up to 1400 ppm C for a 1 GPa experiment.
Analyses also show a positive correlation between dis-
solved C and H,0 in the experimental glasses. Raman
spectroscopy indicates CH,4 present in the melt, which
confirms the observed trend between C and H,0 in the
lower pressure glasses.

Discussion and Conclusions: Analyses of the nat-
ural lunar samples [2] and our experimental green
glasses suggest the formation of a CO-rich gas phase
via C-oxidation at P< 40 MPa due to Fe metal present
in these melts. With hydrogen present, Raman spec-
troscopy indicates CH, is the dominant C species dis-
solved in the melt. (Depending on the relative abun-
dance of C and H in the magma, there may or may not
be reduced C with CH, in ascending magma). There-
fore, the solubility of C in picritic melt (Fig. 1) is di-
rectly proportional to the concentration of dissolved
CH,4 and increases with increasing fCH,4. Experiments
with water contents of 1000 ppm and excess graphite
produced increasing maximum dissolved C in melts up
to 1490 ppm at 1 GPa. Greater H,O contents contribute
to both CH, and water species (H,O, OH’, and H,)
present in the melt. If decompression-induced CH-gas
saturation is reached at pressures greater than 40 MPa,
methane could produce the first gas phase. These re-
sults are consistent with experiments on Na-silicate [8]
and haplobasaltic [9] melts that indicate CH, dissolved
in melts at fO,~IW. Thermodynamic models [10] pre-
dict a CH4- and H,-rich gas phase in equilibrium with a
melt at higher pressures and CO-rich gas phase at low-
er pressures (near 40 MPa C oxidation reaction).
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