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Summary: A15 and A17 primitive picritic glasses have been examined by FTIR for the pres- 
ence of dissolved C-0 species to determine the role of C-0 gasses in driving lunar fire-fountains. 
A15 green and yellow glasses were extensively studied and found to be free of dissolved C species 
down to FTIR detection limits (10-100 ppm; species and sample specific). Preliminary data on 
A17 orange glasses are similarly devoid of FTIR detectable C-0 species. Re-analyses of the C-0 
driving mechanism theory for mare volcanism demonstrates the need to determine the& of the 
lunar interior; the factor that most critically determined the role of C gasses in th_e fire-fountaining 
events. Oxygen fugacities equivalent to IW-0.5 and above imply dissolved CO; in the p-rirnitive 
glasses at levels above FTIR detection. &'s below IW-0.5 imply concentrations of CO; below 
FTlR detection. Recent data suggesting lunar mantlefi's of IW-2 or less, strongly mibgate 
against finding FTIR measurable dissolved CO;, consistent with the fmdings of this study. 

Introduction: A15 and A17 picritic lunar glasses are considered to be the products of lunar 
fire-fountaining [e.g., 11 and are amongst the most primitive lunar materials. Their source region 
may have been as deep as 400 km [2] and may possibly have consisted of undifferentiated lunar 
material [3]. The usefulness of these glasses in understanding lunar evolution and composition is 
dependent upon the theory that these glasses are primitive melting products of the lunar interior that 
were injected into the lunar atmosphere by fire-fountaining. The fire-fountaining process is, thus, 
central to understanding the origin of these glasses. Likewise, the magmatic behavior of volatiles 
is central to understanding the origin of these glasses since lunar fire-fountaining is thought to have 
proceeded by the degassing of fluids [e.g., 3,4]. 

It has been proposed [4,5] that CO and C@ were the dominant fluid species driving lunar fire- 
fountaining. The theory holds that CO and C@ were generated by the oxidation of reduced-C and 
were dissolved within the melt. Resultant degassing upon magmatic ascent drove the fire foun- 
tains. Evidence in support of this mechanism includes the auto-reduction behavior of 74220 
orange glass, an analysis implying the presence of CO-rich gas trapped in a green glass vesicle [6], 
and carbon-rich coatings on some of the glass spheres [e.g., 71. The theory merits further investi- 
gation because of the important implications of the model and because C-0 species and abundances 
have not been directly analyzed in primitive glasses. 

Analytical: 28 green glass and 5 yellow glass spherules from samples 15426 and 15427, 
and 2 orange glass spherules from sample 74220 were examined by micro-FI'IR. Sample prepa- 
ration and analyses follow that of [8] and [9]. It was found that some glasses could be examined 
for the presence of C-0 species without resorting to sectioning. The ten samples that were exam- 
ined without FTIR sectioning were first ultrasonifid in acetone and ethanol to remove particulate 
matter adhering to the surfaces. Several samples contained bubbles varying in size from 5 to 15 
pm. These were also examined by micro-FTIR using appropriate spectral subtraction techniques. 

Results: The entire spectrum from 5000 to 1000 cm-1 was examined for dissolved volatiles. 
The following vibrational regions were given particular scrutiny: molecular C@ at 2350 cm-l, 
molecular CO at 2160 crn-1, carbonyl (2125-1700 cm-1) and carbonate (1700-1300 cm-l). Both 
pure and subtraction spectra were examined and found to be devoid of all C species consistent with 
our initialfindings [9]. Spectra of vesicles trapped in glass spherules appear to be devoid of a gas 
signature. Although the possibility of post-quench escape of trapped gasses must be entertained, 
cracks connecting the vesicles to the exterior of the spherules were not found. At least in some 
cases, vesicles may be contraction phenomena and may never have contained trapped fluids. 
Vapor filled vesicles have yet to be unequivocally identified in any lunar glasses although data irn- 
plying so do exist [6] .  

Discussion: We have previously discussed several interpretations for the absence of IR-de- 
tectable C in these lunar glasses [9]; however, considering recent developments, the following 
interpretation appears most likely. 

Within the resolution of FTIR it has been determined that CO does not dissolve in basaltic liq- 
uid [lo]. The limiting factor for the dissolution of CO- in basalt is the fugacity of C02 and its 
solubility is described by the relation: X c q  = 0.492fcq [lo]. The implications of this data for 
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lunar fm-fountaining are considerable. The crucial factor controlling the conversion of CO into 
C 0 2  is oxygen fugacity. This can be seen from the reaction, CO + 1/202 = CO2. Sincefco, con- 
trols the solubility of C in the melt, CO merely acts to dilute the fluid and decrease@&, thereby 
decreasing COY(me1t). Moreover, since thefq  of an isothermal graphite saturated C-0  gas is 
dependent upon pressure, the pressure at which oxidation of graphite and the formation of gas 
begins is critically dependent upon thefi2 of the basaltic liquid/source region. 

At high pressures, the graphite-C-0 gas oxidation surface occurs at oxygen fugacities that are 
too high for the lunar interior. Carbon in the form of graphite would have existed stably and not 
reacted to form gaseous oxides since the& of the lunar interior is under the graphite sur3cace. As 
the magma ascends and pressure decreases a critical depth will be reached at which the& of the 
melt matches that of the graphite oxidation surface. It is _at this depth and pressure (Pc,3 that for- 
mation of a gas phase begins. Since the solubility of CO- depends upon the CO2 fugacity alone, 
the composition of the fluid at Pcrit determines whether h detectable amounts of COT will be 
present. To determine this pressure, the& of the melt/source must first be known. 

Although no consensus exists, the& of lunar basalts is thought to be = IW-1.0 [11,12]. 
Intrinsic oxygen fugacity measurements @OF) of lunar materials range from IW+0.2 to IW-1.0 
[4,5]. Recently, it has been suggested that the lunar interior is as reducing as IW-2.5 [13]. To 
determine the implications of these estimates vis-a-vi the critical pressure at which graphite oxi- 
dize_~, and through it the concentration of CO=(melt), we have calculated Pcrit and the solubility of 
CO- in basaltic liquids at various lunar man&fq's (Table). A green glass liquidus of 14200C + 
3.33.10-3(0~/bar).~(bar) [14], was assumed. Additionally, it was assumed that the Henry's Law 
constant for COT in basaltic melt does not 
change (or changes little) with T above Log& PCit X c q  (Melt) FTIR 
12000C [15]. Lower T would push ( A m )  (bars) (ppm) Detectable 
and X c q  to values even lower than those 
listed in the table. It is interesting to note +0.2 26 10 620 Y 
that even atfq's within the lower end of 0.0 2060 370 Y 
the IOF measurements, X c q  (Melt) is below -0.5 1140 100 Y 
FTIR detectiog. Note also that yields a - 1.0 630 30 N? 
maximum C03; gas-melt re-equilibration - 1.5 350 9 N 
at lower pressures would lower Cog. -2.0 200 3 N 

Recent experimental studies [e.g., 16,171 
on the distribution of siderophile trace elements between basalt and silicate minerals suggest that 
the& of the lunar interior may well have been even lower than the lowest IOF measurements and 
closer to IW-2.0 or IW-2.5 [13]. These studies have shown that at low& substantial amounts of 
certain transition metals can dissolve in silicate melts in the metallic valance state (e.g., NiO); thus, 
D's change such that elements normally olivine and orthopyroxene compatible behave incompati- 
bly. This has been proposed as the cause for the positive correlation of Ni /Co with normally 
incompatible trace elements such as REE's [13]. A lunar mantle& closer to IW-2.0 would be 
consistent with our findings. 

A lunar interior of low& (IW- 1.0 to IW-2.5) implies that: a) lunar fire-fountains could not 
have been driven by the exsolution of dissolved C O ~  within magmatic liquids; their concentrations 
are too low and, b) if lunar fire-fountains were driven by C-0-rich gasses it most likely occurred 
via the breakdown of graphite carried up by the ascending magma. A positive aspect of the low 
Pcfit for graphite oxidation determined here is that the physically difficult processes of keeping gas 
bubbles within the magma for tens to hundreds of miles within the lunar interior are somewhat 
mitigated. A of 200 bars (Logfo, =IW-2.0) corresponds to a lunar depth of 4 krn. By com- 
parison, a lunar interior at a n f i  of IW would begin to oxidize graphite at a depth of 42 krn. 
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