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APOLU) 15 GREEN GLASS: THE RANGE OF CHEMICAL COMPOSITIONS IN 
INDMDUAL FORMATIONAL EVENTS. Alison M. Steele and Larry A. Haskin, Dept. of Earth and 
Planetary Sciences, Washington University, St. Louis MO 63130 

The Apollo 15 green glasses are among the most chemically primitive samples returned from the Moon 
and are believed to be relatively unfractionated mateiial from the lunar mantle [I]. It is therefore important 
to decipher their petrogenetic history to aid in understanding the Moon's evolution. Two recent studies have 
evaluated small but real chemical differences among individual A15 green glasses (e.g., [2], fig. 8). Delano [2] 
invoked five distinct magmas and multiple volcanic vents to explain two chemical arrays defined by major 
elements. Ma et al. [3], using minor and trace elements, also defined various groups, but the chemical 
dispersion they documented and the conclusions they reached did not correspond exactly to those of [2], 
although they did argue for more than one magma. 

Attempts to model the green glasses chemically would be facilitated by knowledge of physical relationships 
among individual spherules, in particular, whether the compositional groups defmed by [2] are products of 
separate eruptions or whether more than one group formed during the same eruption (if the beads are 
volcanically derived). Lack of complementary stratigraphic or spatial data has prevented direct assessment of 
these relationships. However, some of the green glasses are composite beads that recorded multiple collisions 
and adhesions of droplets while they were still partially molten and in flight ([4], fig. 3; [q, figs. 4 and 5). A 
series of adhering beads, if analyzed, would reveal information about compositional ranges within events and 
thus the number of events which lead to the formation of the green glasses. 

Complications could arise during attempts to collect such information. Some compositions (e.g., [2Ys 
groups C and E) are relatively rare; even if they had formed during the same event the chances of finding one 
adhered to another would be small. All green glass composites (GGCs) contain skeletal olivine crystals (fiber 
and lattice [6]; chain and hopper, [q; 15, 81). Generally the larger host bead contains relatively coarse chain 
and hopper olivines while adhering beads, if crystallized, contain much finer crystals [q. We agree [9, 101 that 
there is probably no fundamental genetic difference between green glass vitrophyres (GGV's) and the 
homogeneous vitric green glasses; however, the spatla1 heterogeneity caused by partial crystallization makes 
microprobe analysis of the vitrophyres difficult. Despite these complications and in view of the importance 
this determination would have to the green glass problem, we have begun a microprobe study of the GGC's 
and report preliminary results. 

The major element compositional ranges of green glasses are narrow [2], so high analytical precision is 
essential in order to distinguish between different beads. We have analyzed a 400 p m  vitric bead in 15427,26 
to evaluate basic precision; sample standard deviations for the five most abundant oxides are approximately 
1% of each element's concentration (Table 1, TEST 1). Analyses of an elongate bead with a vitric end and a 
vitrophyric end enabled us to demonstrate that we can obtain accurate bulk compositions for finely vitrophyric 
areas (fibre olivine, gradational into crude lattices; crystals <3 pm across). We found slightly greater 
dispersion among data taken from the vitrophyric half of the bead, particularly for MgO, but this dispersion is 
not extensive enough (see the standard errors of the mean, sm, Table 1, TEST 2) to preclude use of data from 
vitrophyric samples. In addition, although larger chain olivines affect remaining glass over significant distances 
[8, 9, 111, no signiticant material transfer seems to have resulted from the crystallization of smaller fibre 
olivines. 

To date we have analyzed two GGC's from thin sections l5427,26 and W25,15. 15425,s COMPOSITE C 
consists of an intact central bead 500 pm in diameter which hosts four adhering beads. Two of these (#Is 3 
and 4) are larger vitrophyric crescents superimposed on each another and partially enveloping the host. The 
other two (#Is 1 and 2), one of which adheres to the vitrophyres, are semicircular (radius '50 pm), vitric, and 
occur at opposite ends of the host. Concentrations of the seven most precisely determined oxides are 
indistinguishable between #1 and #3. Concentrations in #1 and #4 agree to within 2 sm, except for Si02 
(4 s,). Differences > 2  sm also occur between #1 and #2 in SO2, #2 and #3 in Ti02 and +03, #2 and #4 
in T102 and Si02 (6 sm), and #3 and #4 in +O3. The discrepancies do not exhibit an obvious pattern that 
can be readily interpreted in terms of simple petrogenetic processes. They may be analytical artifacts and 
cannot be used with confidence to demonstrate that the adhering portions of 15425,s C are compositionally 
distinct. Compared to the satellite beads, and consistent with olivine crystallization, interstitial host glass is 
poorer in MgO and richer in all other oxides except FeO, the concentration of which is similar to those of the 
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adhering beads. Olivines in the host glass range from Fos9 to Fez, quite similar to the range found by [9] in 
their survey of olivines in GGV's. 

15427,26 COMPOSITE B consists of a 700 pm host with three adhering beads on the unbroken part of its 
surface. Each adhering bead is crystallized to a different extent, but the spatial distributions and densities of 
crystals within each bead are uniform and do not exceed the range of those of the TEST 2 bead. The two 
smaller beads (#Is 2 and 3) are crescent-shaped and superimposed in a manner similar to the larger satellite 
beads of l5425,U COMPOSITE C, but the largest bead (#I) retains a roughly semicircular shape with a 
radius of 130 pm. When compositions of the satellite beads are compared, seemingly random statistical 
differences ( 2 2  s,) are seen. These include differences between #1 and #2 in +03, FeO, and MgO; #1 
and #3 in SO2, +03, and FeO; and #2 and #3 in Si02, Ti02, and +03. There are twice as many 
discrepancies in concentration between satellite beads of l5427,26 B as between those of l5425,S C, and their 
average magnitude is greater. The adhering portions of this bead may be distinct compositionally, but again 
they cannot be readily interpreted in terms of petrologic processes. Oxide concentrations in the interstitial 
glass of the 15427,215 B host bead generally reflect olivine crystallization, except in the case of FeO, which is 
11% higher than in the least FeO-rich satellite bead. Olivine in the host ranges in composition from Foa to 
Fo74 and therefore could not have caused the iron enrichment; both microprobe traverses in host glass and 
examination of olivine cores vs. rims (Table 1) confirm that the olivines have in fact depleted the host in FeO, 
so the 11% difference in FeO between the host bead and the satellites represents a minimum. 

We conclude that all portions of a GGC do not always have the same composition on the basis of the FeO 
difference described above. We believe this conclusion is unaffected by possible analytical error because of 
the correspondence in FeO concentrations between satellite beads and host in one case (15425,s C), and the 
difference in FeO concentrations between satellite beads and host in the other (l5427,26 B). Thus, if a 
composite bead formed in a single event, a single event produced glasses of more than one composition. 
Additional GGCs will be investigated to evaluate more fully the nature and range of these compositional 
differences, and how they relate to those found in other studies. 
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TABLE 1. Summary of Microprobe Data. Operating conditions: Glass -- 20 nA, 15 KeV, 20p m spots; Olivine 
-- 30 nA, 15 KeV, 1 p m spots. n =number of analyses per sample, m =mean, s = sample standard deviation for 
n replicate analyses, sm = standard error of the mean for n replicate analyses. 

TEST1 TEST2 15427,26 COMPOSITE B 
(n = 14) vitric (n = 9) phyric (n = 9) #l (n = 6) #2 (n =4) #3 (n =5) host olivine 

m Is 

Si02 46.33 0.24 

Ti02 0.39 0.03 

A1203 8.05 0.05 
Cr203 0526 0.08 

FeO 20.11 0.18 
MgO 16.84 0.14 
CaO 8.74 0.10 
MnO 0.28 0.06 

Total 101.2 0.44 

&ass core rim 
45.14 38.84 38.17 

0.45 0.03 0.05 
8.22 0.13 0.68 
0.71 0.37 0.43 

21.94 21.32 24.36 
11.90 37.70 33.95 
11.92 0.43 0.79 
0.30 0.15 0.35 

lo05 98.9 98.7 
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