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Introduction: Lunar volcanic glassy beads have
been considered as quenched basaltic magmas derived
directly from deep lunar mantle during fire-fountaining
eruptions [1]. Since these sub-mm size glassy melt
droplets were cooled in a hot gaseous medium during
free flight [2], they have not been subject to mineral
fractionations. Thus, they represent primary magmas
and are the best samples for the investigation of the
lunar mantle. Previously, we presented preliminary Rb-
Sr and Sm-Nd isotopic results for green and orange
glassy samples from green glass clod 15426,63 and
orange soil 74220,44, respectively [3]. Using these
isotopic data, initial 2’Sr/%°Sr and ey ratios for these
pristine mare glass sources can be calculated from their
respective crystallization ages previously determined
by other age-dating techniques. These isotopic data
were used to evaluate the mineralogy of the mantle
sources. In this report, we analyzed additional glassy
samples in order to further characterize isotopic signa-
tures of their source regions. Also, we’ll postulate a
relationship between these two major mare basalt
source mineralogies in the context of lunar magma
ocean dynamics.
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Figure 1. Rb-Sr isochron of green glass.

Samples and experiments: In the earlier study [3],
we reported Rb-Sr and Sm-Nd isotopic results for
green glassy beads (G1, G2, and G3) and yellowish
vitrophyric beads (Y1 and Y2) handpicked from 15426
and orange beads from 74220. In this study, we ana-
lyzed five bulk green clod samples from 15426, GG1
(100-200 mesh), GG2 (<200 mesh) and their respective
2N HCI sonicated residues, (GG1(r) and GG2(r)), and
a combined leachate sample, GG(I). Three bulk orange
soil samples from 74220, OG, 2N HCI washed residue
OG(r) and a leachate sample (OG(l)) were also ana-
lyzed. Significant portions (~25% - ~50%) of the bulk

sample materials were dissolved in the washing
process. We also analysed Sm isotopic compositions
for both green and orange glassy samples in order to
correct the thermal neutron effects on their **’Sm/**Nd
and “*Nd/***Nd results. The effects are large for green
glass samples but insignificant for the orange samples
due to their respective large €"°Sm differences (-
53.7g vs -1.1g).
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Figure 2. 1(Sr) vs. T(age) of green and orange glasses.

Rb-Sr isotopic results: Rb-Sr results for bulk
green glass samples are shown in Fig. 1. Also plotted
are previously reported data of green glasses from two
different breccias, 15301 and 15303 [4]. All nine sam-
ples are collinear yielding an imprecise old age of 4.2
+0.3 Ga (green dotted line) for A(*’Rb) =0.01402 Ga™.
and I(Sr)= 0.69918 £0.00016. Delano [5] identified
five chemically distinct groups of green glasses at the
Apollo 15 site representing five different magmas de-
rived from different source regions. Heterogeneities in
green glass sources were also implied in [6]. Perhaps,
the old ~4.2 Ga bulk green glass age represents the
formation time of the various green glass sources by an
early lunar differentiation as given by the ~4.35 Ga
1465m-12Nd mantle isochron (red line, [7,8]). The Ta.
ar=3.32 Ga reference isochron (blue dotted line, [e.g.
9]) also includes green glass samples 15301 and
15303. ¥ Rb/®Sr and 'Sr/**Sr ratios of orange glass
samples are not shown. However, The initial %'Sr/*®Sr
ratio for the orange glass is ~0.699146 at T ar.ar =3.64
Ga [e.g. 10]. Using a single stage model, the mantle
sources for green (G1) and orange glasses were calcu-
lated to have ®Rb/®*Sr = ~0.027 and ~0.012, respec-
tively (Fig 2). The extremely low initial ®’Sr/*®Sr ratio
clearly suggests the orange glass came from a very
fractionated, plagioclase-bearing source.
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Sm-Nd isotopic results: Fig. 3 shows Sm-Nd re-
sults for green glass samples analyzed so far. Also plot-
ted are green glass data from [11]. Again, five green
glassy and vitrophyric samples yield an imprecise old
age of 4.2+0.3 Ga for A(**'Sm)=0.00654 Ga™ (green
dotted line), similar to that obtained from the Rb-Sr
system and the ~4.35 Ga ***Sm-**Nd mantle isochron
(red line, [7,8]). Except the leachate GG(I), the other
four green glass data lie close to the reference Ta.
a=3.32 Ga isochron (blue dotted line, [e.g. 9]). The
orange glass data (not shown) lie above the
Tchur=4.56 Ga isochron by as much as 4 e-units. The
initial eyg ratio of orange glass is +7.3£0.3 for Ta.
A—=3.64 Ga [e.g. 10]. Based on a single stage model,
the *’Sm/***Nd for the green glass source for G1 is
nearly chondritic (~0.201) and that for the orange
source is extremely fractionated (~0.258) (Fig. 4).

Lunar Green Glass in 15426

and high-Ti mare basalt sources (red curve) and YAM
and Low-Ti (blue curve) of various Rb/Sr and Sm/Nd
ratios are probably hybrid sources composed of the
green glass source (early orthopyroxene+olivine cumu-
late) mixing with late-stage cumulate assemblages of
various amounts of ilmenite, clinopyroxene, plagioc-
lase and residual liquids, shown in solid curves, due to
the LMO mantle cumulate overturn [15-17].
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Figure 3. Sm-Nd isochron of green glass.

Isotopic constraints on source mineralogies: In
Fig. 5, ¥Rb/*Sr and **'Sm/***Nd ratios for sources of
volcanic glasses and mare basalts are calculated for a
single-stage model. The orange glass sources (OG, red
circles) are low in Rb/Sr and high in Sm/Nd, whereas
the green glass source (G1, green square) is high in
Rb/Sr and low in Sm/Nd. High-Ti mare basalt and
YAM (L-Ti basalts, [12,13]) sources tend to have
higher Sm/Nd. The isotopic data clearly suggest that
the source mineralogies for mare basalts are heteroge-
neous. The heterogeneous sources are probably due to
mixing of late-stage Ti-bearing cumulates with the ear-
ly cumulates (green glass source) at depth [14-17]. In
order to evaluate this mixing process, we assume (1)
the initial LMO has Rb abundance ~10x less than that
proposed by [18], (2) Rb, Sr, Sm, and Nd abundance
data for the late-stage clinopyroxene, plagioclase and
ilmenite crystallized from LMO at 99.5 PCS of [19],
(3) residual LMO liquid at 99.5 PCS for urKREEP,
and (4) a green glass source of ~0.3xCl Nd and proba-
bly ~0.3xClI for Sr, as suggested by [14]. The dashed
curves show the effects of addition of these late-stage
minerals to the green glass source. The orange glass
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Figure 4. gng vs. T(age) of green and orange glasses.
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