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LIQUIDUS-PHASE RELATIONS OF THE APOLLO 14 AND APOLLO 17 VLT VOLCANIC
GLASSES; H.-K. Chen, J. W. Delano, and D. H. Lindsley, Dept. of Earth and
Space Sciences, State Univ. of New York, Stony Brook, N. Y. 11794
Introduction

Very low-Ti (VLT). wvolcanic glasses have been reported from the Apollo 14
[1] and Apollo 17 [2] landing sites. Each variety displayed a fractionation
trend that was interpreted [1,2] as being caused by olivine subtraction at
low pressures. Delano and Livi [3] assigned both VLT groups to their Array II
volcanic glasses and proposed that these lunar glasses could be better candi-
dates for primary liquids than any mare basalts. If correct, these volcanic
glasses could provide unambiguous information regarding the depth in the Moon
of the mare source regions, in addition to the residual mineralogies during
partial melting. With that expectation in mind, we have performed reconnais-
sance experiments on the most Mg-rich compositions [1-3] of the Apolle 14 and
17 VLT glasses.

Experimental techniques

The starting materials used in the experiments were synthesized from
reagent-grade oxide mixes following the method of Lindsley et al. [4]. After
homogenizing and drying, the oxide mixes were heated to 935°C for at least 7
days. The resulting mixture of crystalline phases, including olivine, clino-
pyroxene and plagioclase, served as the starting material for our reconnais-
sance experiments.

All the equilibrium experiments were performed in high-purity iron cap-
sules (Johnson Matthey grade 1). The experiments at low pressure were carried
out in a vertical furnace with iron capsules sealed in evacuated silica tubes.
High-pressure experiments were carried out in a piston-cylinder, solid-media
pressure apparatus; the furnace cell for the Apollo 14 glass included boron
nitride, while that for Apollo 17 used pyrex glass between the outer talc
sleeve and the graphite furnace. Pressure corrections of -7.5% (Apollo 14)
and -18% (Apollo 17) were based on calibrations using those furnace assemblies
in this laboratory. After each run, all the phases presented in the charge
were analyzed using an ARL electron microprobe.

Apollo 14 results (Figure 1) '

Olivine is the liquidus phase to at least 16 kbar. Pyroxene is the lig-
uidus phase at pressures above 18.5 kbar. Although more work is needed in de-
termining the phases presented in 18.5 kbar-pressure run, the liquidus is be-
lieved to be multiply saturated with olivine and pyroxene at a pressure of 18
+* 1 kbar and temperature of 1490 + 15°C.

Apollo 17 results (Figure 2) )

A multiple-saturation point on the liquidus involving olivine and c¢lino-
pyroxene was located at 18 % 2 kbars and 1500 * 20°C for the Apollo 17 VLT
composition [2,3]. Unlike the results reported for a high-Ti composition [5]
showing a change in the olivine/liquid Kp for Fe/Mg with pressure, this VLT
composition shows a constant Ky of 0.34 + 0.005 over the pressure-range inves-
tigated. The partition coefficients for Cr between olivine/liquid and ortho-
pyroxene/liquid were 0.75 and 1.5, respectively, in agreement with other in-
vestigators [6].

Interpretation

If both of the VLT magmas were saturated with pyroxene + olivine in their
respective source regions, then these experiments indicate that they were de-
rived by partial melting at depths of 360 * 20 km (Apollo 14 VLT) and 360 *

40 km (Apollo 17 VLT). Since we cannot eliminate the possibility that olivine
fractionation occurred during transit of these liquids from their source
regions, these depths should be regarded as minimum values. The chemical
systematics among all varieties of lunar volcanic glass seem, however, to
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require that <<5% olivine fractionation can have taken place [3]. The experi-
mental effect on the liquidus phase relations of using sample-containers with
ape < 1 will be investigated.
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Figure 1. Liquidus-phase relations
of the Apollo 14 VLT vol-
canic glass indicate that
its source-region was at a
depth of 360 + 20 (18 + 1
kbar) km in the Moon. The
symbols at high pressures
(> 5 kbar) have sizes com-
mensurate with their esti-
mated precision.
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Figure 2. Liquidus-phase relations of the Apollo 17 VLT volcanic glass
indicate that its source-region was at a depth of 360+40 km

(18+2 kbar) in the Moon.
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