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Introduction 

Very low-Ti (VLT) volcanic g l a s ses  have been reported from the  Apollo 14 
[ l ]  and Apollo 1 7 [ 2 ]  landing s i t e s .  Each va r i e ty  displayed a f r ac t iona t ion  
t rend  t h a t  was in t e rp re t ed  [1,21 a s  being caused by o l iv ine  subt rac t ion  a t  
low pressures .  Delano and Liv i  [3] assigned both VLT groups t o  t h e i r  Array I1 
volcanic g l a s ses  and proposed t h a t  these lunar  g lasses  could be b e t t e r  candi- 
dates ,  f o r  primary l i q u i d s  than any mare basa l t s .  I f  co r r ec t ,  these  volcanic  
g lasses  could provide unambiguous information regarding the  depth i n  the  Moon 
of t he  mare source regions,  i n  addi t ion  t o  the  r e s idua l  mineralogies during 
p a r t i a l  melting. With t h a t  expectat ion i n  mind, we have performed reconnais- 
sance experiments on the  most Mg-rich compositions [I-31 of t he  Apollo 14 and 
17 VLT glasses .  
Experimental techniques 

The s t a r t i n g  mater ia l s  used i n  t he  experiments were synthesized from 
reagent-grade oxide mixes following the  method of Lindsley -- e t  al .  [41. Af te r  
homogenizing and drying, the  oxide mixes were heated t o  935OC f o r  a t  l e a s t  7 
days. The r e s u l t i n g  mixture of c r y s t a l l i n e  phases,  including o l i v i n e ,  c l ino-  
pyroxene and p lag ioc lase ,  served a s  the  s t a r t i n g  mater ia l  f o r  our reconnais- 
sance experiments. 

A l l  the  equi l ibr ium experiments were performed i n  high-purity i r o n  cap- 
su les  (Johnson Matthey grade 1). The experiments a t  low pressure were c a r r i e d  
out  i n  a v e r t i c a l  furnace with i r o n  capsules sea led  i n  evacuated s i l i c a  tubes.  
High-pressure experiments were c a r r i e d  ou t  i n  a pis ton-cyl inder ,  solid-media 
pressure apparatus; t h e  furnace c e l l  f o r  t he  Apollo 14 g l a s s  included boron 
n i t r i d e ,  while t h a t  f o r  Apollo 17 used pyrex g l a s s  between the  outer  t a l c  
s leeve and the  graphi te  furnace. Pressure cor rec t ions  of -7.5%  p pol lo 14) 
and -18% (Apollo 17) were based on ca l ib ra t ions  using those furnace assemblies 
i n  t h i s  laboratory.  After  each run, a l l  t he  phases presented i n  t he  charge 
were analyzed using an ARL e l ec t ron  microprobe. - 

Apollo 14 results (Figure 1) 
Olivine i s  the  l iqu idus  phase t o  a t  l e a s t  16 kbar. Pyroxene i s  the  l i q -  

uidus phase a t  pressures  above 18.5 kbar. Although more work i s  needed i n  de- 
termining the  phases presented i n  18.5 kbar-pressure run, the  l iqu idus  i s  be- 
l i eved  t o  be mult iply sa tura ted  with o l iv ine  and pyroxene a t  a pressure of 18 
+ 1 kbar and temperature of 1490 + 15OC. 
Apollo 17 results (~i@ure 2) 

A mult iple-saturat ion po in t  on the  l iqu idus  involving o l i v i n e  and c l ino-  
pyroxene was loca ted  a t  18 + 2 kbars and 1500 + 20°C f o r  t he  Apollo 17 VLT 
composition [2,3].  Unlike the  r e s u l t s  reported f o r  a high-Ti composition [5] 
showing a change i n  t he  o l iv ine / l i qu id  KD f o r  Fe/Mg with pressure ,  t h i s  VLT 
composition shows a constant  KD of 0.34 + 0.005 over t he  pressure-range inves- 
t i ga t ed .  The p a r t i t i o n  coe f f i c i en t s  f o r  C r  between o l iv ine / l i qu id  and ortho- 
pyroxene/liquid were 0.75 and 1.5,  respec t ive ly ,  i n  agreement with o ther  in-  
ves t iga to r s  [6]. 
Interpretation 

I,f both of t he  VLT magmas were sa tura ted  with pyroxene + o l i v i n e  i n  t h e i r  
respect ive source regions,  then these  experiments i nd ica t e  t h a t  they were de- 
r ived  by p a r t i a l  melting a t  depths of 360 + 20 km  p pol lo 14 VLT) and 360 t 
40 km (Apollo 17 VLT). Since we cannot e l iminate  t he  p o s s i b i l i t y  t h a t  o l iv ine  
f r ac t iona t ion  occurred during t r a n s i t  of these  l i q u i d s  from t h e i r  source 
regions,  these  depths should be regarded a s  minimum values.  The chemical 
systematics among a l l  v a r i e t i e s  of lunar  volcanic  g l a s s  seem, however, t o  
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requi re  t h a t  <<5% o l i v i n e  f r ac t i ona t ion  can have taken p lace  [3].  The experi- 
mental e f f e c t  on t h e  l iqu idus  phase r e l a t i o n s  of using sample-containers with 
aFe < 1 w i l l  be inves t iga ted .  
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Figure 1. Liquidus-phase r e l a t i o n s  
of t he  Apollo 14 VLT vol- 
can ic  g l a s s  i n d i c a t e  t h a t  
i t s  source-region was a t  a 
depth of 360 + 20 (18 + 1 
kbar) k m  i n  t h e  Moon. The 
symbols a t  high pressures  
(>  5 kbar) have s i z e s  com- 

mensurate with t h e i r  e s t i -  
mated prec is ion .  
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Figure 2. Liquidus-phase r e l a t i o n s  of t h e  Apollo 17 VLT volcanic  g l a s s  
i nd i ca t e  t h a t  i ts  source-region was a t  a depth of 360+40 km 
(1822 kbar) i n  t h e  Moon. 
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