
COMPOSITIONAL VARIATION AND ORIGIN OF LUNAR ULTRAMAFIC GREEN GLASSES; 
T. L. Grove and D. H. Lindsley, Dept. of Earth and Space Sciences, State Univ. 
of New York, Stony Brook, N. Y. 11794 

Introduction. The Apollo 15 green glasses constitute a compositionally 
heterogeneous group [1,2], and lunar ultramafic glasses with similarities to 
the samples that were so abundant at Spur Crater have been identified from 
every Apollo and LUNA landing site [1,3,4]. Apollo 15 average green glass [5] 
in Table 1, #1, is characteristic of the bulk composition of the silica en- 
riched portion of the Apollo 15 green glass trend. We report results of pre- 
liminary high-pressure experiments on this composition performed in iron cap- 
sules in a piston cylinder apparatus. Reversed experiments should constrain 
possible source materials within the moon and provide mineral-melt distribu- 
tion coefficients at elevated pressures and temperatures that are appropriate 
for liquids derived by partial melting of lunar mantle material. The results 
of our experiments and a re-evaluation of the compositional variations within 
Apollo 15 ultramafic glass data, allow us to construct possible models for 
the origin of green glass. These chemical variations involve the removal of 
A1203, CaO, MgO and FeO and follow a trend of silica depletion or enrichment. 
They cannot be achieved by simply adding or subtracting olivine with a compo- 
sition of F o ~ ~  I1,2,31. We suggest that variable degrees of batch partial 
melting of a two-pyroxene + olivine + garnet source region at substantial 
depths (400 km or greater) gives rise to the compositional variations in 
Apollo 15 ultramafic green glass. 

Compositional Variation Amongst Green Glasses. Stolper [1,2] points out 
that Apollo 14 and Apollo 15 glasses exhibit a restricted variation of molar 
Fe/(Fe + Mg) between Q 0.30 to 0.40, recognizes in the subprojection An-01- 
Qtz of the system ~n-WO-FO-~a* an olivine control line for Apollo 15 type I 
glasses and proposes that compositional variation is the result of adding or 
subtracting olivlne ( F O ~ ~ ) .  However, he recognizes that not all green glass 
data follow an olivine subtraction line. Both Stolper and Wood [6] recognize 
the impossibility of deriving an olivine control line with an Fe/(Fe + Mg) 
ratio of Q 0.30 to 0.40 by removing the equilibrium liquidus olivine from a 
green glass magma ( F O * ~ - ~ ~ ) .  They reject the possibility of partial melting 
at depth and call upon complex mechanical mixing or cumulate remelting pro- 
cesses that involve F060 to F070 olivine. 

We have recalculated the glass data of [7] into the system Fin-01-Gpx-~tz' 
to determine the minerals controlling compositional variation. Results are 
summarized in Fig. 1 for the four subprojections. As shown by all projections 
involving Qtz, compositional variation is away from the plane An-01-Cpx toward 
silica enrichment. We believe that this trend is not an analytical artifact 
as it is present in the ultramafic glass data sets [2,31 of several labora- 
tories and exceeds the expected error for Si02 in electron microprobe analysis. 

Origin of Green Glass Compositional Variation. We shall consider several 
possibilities for the origin of the observed compositional variation by 
igneous processes at depth within the moon (see [8] for a partial melting 
model). (A) FRACTIONAL CRYSTALLIZATION by crystal settling in a magma chamber 
at 400+ km will not generate the observed compositional variation. Analyzed 
experimental liquids + olivine + yroxene (Table MgA 1 ah &5 $n$ 20 kb indicate 
a slight pressure effect on KD xtaP-liq = ( x ~ ~ ~ ~ x ~ ~ ~ / x ~ @ ~ ~ x ~ ~ ~ )  for ortho- 
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pyroxene and olivine. The KD's for both phases are nearly equal and are 0.37 
to 0.38. The Fe/(Fe + Mg) control of 0.3 cannot be generated by removal of 
either one of these phases on the high-pressure liquidus, and as shown by 
Fig. 1 the compositional control is not away from any single phase. We sus- 
pect that KD for high Ca clinopyroxene will be similar to that of orthopyrox- 
ene and olivine. Thus, as [2] and [6] point out we would expect a composi- 
tional control involving an Fe/(Fe + Mg) variation of % 0.2 to be observed in 
green glass if the process of origin was differentiation by removal of a liq- 
uidus phase. 

(B) FRACTIONAL FUSION of lunar mantle material is not preferred since it 
would produce a single composition. 

(C) BATCH PARTIAL MELTING is a possible mechanism for generating compo- 
sitional variation amongst green glasses, and high-pressure cotectic control 
may be the dominant factor. In this process a partial melt is generated in 
the lunar mantle and a portion of this melt is delivered to the surface as 
green glass magma. Slightly greater degrees of partial melting occur and 
another sample of liquid of differing bulk composition is delivered to the 
surface. As the process continues, compositional variation follows high- 
pressure cotectic control. 

In Fig. 2 the compositional variation in the glass data of [73 are recal- 
culated into the high-pressure system 01-~px-~t-~tz*, phases appropriate to 
the origin of the green glass magmas in the lunar mantle. The garnet used in 
the projection is 16% grossular 84% (pyrope + almandine) and is composition- 
ally equivalent to garnets produced in our experiments (Table 1) and in ex- 
periments on garnet peridotites [9,101. Again, note the trend of green glass 
toward the olivine-garnet-diopside plane. We suggest that the following pro- 
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garnet. The ~ ~ 9 a r - b  from our experiments at 25 kb, 1460 and 1470°C is 0.46 
to 0.54, so early exhaustion of this phase will produce relatively iron- 
enriched liquids. Partial melting continues and the Fe/(Fe + Mg) of the liq- 
uid is controlled by the magnesian phases in the residuum (01 + 2 pyroxenes). 
The first sample of the batch melt to be delivered to the lunar surface is the 
most silica-enriched green glass. Continued melting follows the high-pressure 
cotectic 01 + 2 pyroxenes to silica-depleted bulk compositions. 

Conclusions. Any attempt to explain the compositional variation in green 
glass must recognize that this unique lunar material may have a unique origin 
that does not conform to conventional constraints of igneous petrology. If we 
accept the origin of green glass spheres by volcanic fire fountaining, the 
eruption processes into the lunar vacuum might have affected the chemistry of 
the liquid. Then, a possible origin for the observed silica control under 
near-surface conditions might be selective volatilization of Si02. However, 
if the compositional variations in green glass chemistry were produced in the 
lunar mantle, it is proposed that a possible origin for the Apollo 15 green 
glass is batch partial melting of lunar mantle at substantial depths (400 km 
or greater) where a high-pressure cotectic (olivine + orthopyroxene + high-Ca 
clinopyroxene) controls the compositional variation. 
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* 
An = CaA12Si208, Wo = CaSi03, Fo = Mg2Si04, Fa = Fe2Si04, 01 = (Mg,Fe)2 
SiOq, Cpx = Ca (Mg , Fe) Si206, Qtz = Si02, Gt = Ca (Mg ,Fe) 5A14Si6024. Recal- 
culations are in molar units. 
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