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Delano and coworkers [1,21 have proposed that volcanic glas- 
ses are demonstrably better candidates for being primary magmas 
from the deep lunar interior than are mare basalts. If this view 
is correct, these glasses would assume great importance since they 
would provide an intrinsically clearer "window" into the petrology 
and chemistry of the Moon at depths of about 500 kilometers. For 
these reasons, new data with significantly greater precision and 
quantity than previous efforts are required to accurately charac- 
terize the compositions of lunar volcanic glasses. 

Two varieties of volcanic glass have been identified in 
Apollo 11 soil breccias, 10059, 10060, and 10061. Their volcanic 
parentage, as opposed to impact-melting, is indicated by the fol- 
lowing characteristics: (a) lack of schlieren and exotic inclu- 
sions; (b) chemical homogeneity within each glass fragment; (c) 
uniform abundance of Ni showing an absence of random, meteoritic 
contamination; (d) chemical trends indicative of magmatic proces- 
ses, such as crystal/liquid fractionation, rather than mixing be- 
tween mare and highland components [3]; and (e) distinctivelyhigh 
values for the Mg/Al ratio [41 and for MgO, FeO, and Cr203 [51. 
APOLLO 11 GREEN GLASS 

Although a total of ten fragments had been analyzed by 
earlier investigators [6-111, there was a large range of reported 
compositions probably resulting from interlaboratory bias. Con- 
sequently, the major-element composition of the Apollo 11 green 
glass was not sufficiently defined to permit detailed analvsis of 
its liquidus phase relations by experimental petrology using a 
synthetic mix. To remedy this situation, new data are presented 
for twenty-four fragments of Apollo 11 green glass. This study 
not only represents a large increase in the total number of analy- 
ses but also, since the Apollo 15 green glass (Group A; [121) was 
used as a working standard, the chemical differences between the 
Apollo 11 and Apollo 15 green glasses have been resolved for the 
first time. 

Since the Apollo 11 green glasses show no chemical variation 
(within precision) that might be attributed to crystal/liquid 
fractionation (Fig. 11, analyses of all twenty-four fragmentshave 
been used to define its mean composition (Table 1). Figure 1 
shows that the Apollo 11 variety has a closer affinity to the 
Apollo 16 green glass [e.g., 131 than to any of the four groups of 
Apollo 15 green glass [12]. This is true for all of the major 
elements. 
APOLLO 11 ORANGE GLASS 

~lthough earlier investigators [6-9, 14-20] performed analy- 
ses of the Apollo 11 orange glass, the composition was not well 
enough defined for experimental petrologic investigations, prob- 
ably owing to interlaboratory bias (Fig. 2). To improve this sit* 
ation, the present study has produced electron-probe analyses for 
105 fragments using the Apollo 17 orange glass (74220) as a work- 
ing standard. This has permitted a clear resolution of the chemi- 
cal differences between these two varieties for the first time. 

The Apollo 11 orange glass exhibit a pronounced chemical 
trend caused by low-pressure, crystal/liquid fractionation (~ig. 3). 
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This is demonstrated by the good fit between the chemical trend 
and a tie-line joining the most fractionated glass with the 
quench phases (i.e., probably olivine and ilmenite). Since an 
important goal of this study was to precisely determine the 
major-element composition of the least fractionated magma that 
produced the Apollo 11 orange glasses, the seventy-five fragments 
with MgO > 14.1% (by weight) have been used to define the compo- 
sition given in Table 1. It is clear from Fig. 3 that signifi- 
cant differences exist between the Apollo 11 and Apollo 17 
(74220) orange glasses. 

The chemical and petrologic implications of these Apollo 11 
volcanic glasses (green, orange) on the nature of the deep lunar 
interior and mare petrogenesis are discussed in an accompanying 
abstract by Delano and Livi [ 21 .  
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Tab le  1 .  Two groups of  v o l c a n i c  g l a s s  ( * l a )  
from A ~ o l  l o  11 . The v a l u e s  f o r  t h e  o r a n a e  
g l a s s  co r re spond  t o  t h e  1 e a s t  d i f f e r e n t i i t e d  
c o m ~ o s i  t i o n .  

S i02  

:;;a3 
Cr203 
F eO 
MnO 
M9O 
CaO 
Na 20 
K20 

Green 

43.7 kO.1 
0.57k0.08 
7.9640.17 
0.4640. 03 

21 .5  40 .2  
n .a .  

17 .0  k0.2 
8 . 4 4 ~ 0 .  07 

n.d.  
n .d .  

Orange 

37 .3  40.2 
10 .0  50.1 

5 .7  k0.2 
0.63k0.03 

23.7 k0 .3  
n . a .  

1 4 . 3  k0.2 
7 . 6 2 ~ 0 . 0 8  
0.31k0.07 

n .d .  

( n . a .  = no t  a n a l y z e d ;  n .d .  = no t  d e t e c t e d )  

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



16 *iP(.--..-(hlS 

, Study 

14 15 16 17 18 19 20 

MgO (w t. %) 

Figure 2 

APOLLO I I  

* 25 

'r,this 
em study 

2 3  

12 13 14 15 16 

MgO (wt. %) 

Figure 1 

ORANGE GLASS 

1 2 " " " " '  1 APOLLO I  I  ORANGE GLASS I 

MgO (wt. %) 

I I  - 

Figure 3 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

~ I o a a  couiatinp with  
-1( quench phow8 

'-4. 
- 

" < I  

'%%+- 

105 glass fragments 7422 

10- 
14- 

- 9 
8 lo  
+ 5 12: 
-- 8- 

0" 6- .- 
I- - 

4- 

2 - 
0 

I I 1 1 I ( I  1 I4 15 

quenchies" 

-4 :\. \\ 
8 1  1 1  1 1 1  1 1 1 1 1 ~ 1 1 1 1 1 ' 1 ' 1 1 1 ' 1  

10 14 18 22 26 30 34 38 


