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Introduction: Experimentally determined multi-
saturation depths for the lunar picritic glasses suggest
that the source region for the glasses is very deep, on
the order of 500 km for the Apollo 14 picritic green
glasses [1] and the Apollo 15 picritic red glasses [2].
These depths are believed to be a minimum estimate
because the glasses have all experienced near surface
fractionation of olivine. If multisaturation truly
represents a minimum or even average depth of
melting, it is very important to understand the extent
to which the glasses have reacted with the lunar
mantle during their long ascent to the surface.  The
cumulate mantle will be compositionally stratified
and composed primarily of dunite and harzburgite
layers but there is considerable uncertainty as to the
thicknesses and relative locations of these layers. In
order to better understand the physical and chemical
consequences of the transport of picritic magmas in
the lunar mantle, we have performed a set of
harzburgite-high-Ti basalt reactive dissolution
experiments similar to those reported in [3] to study
melt migration in Earth’s mantle.

In the mantle beneath mid ocean ridges, high
permeability dunite dikes are conduits for efficient
melt transport. This has been supported by
thermodynamic calculations [4,5], laboratory
experiments [3], and field observation in ophiolites
[6].  The dunite forms as olivine saturated basalts
preferentially dissolve orthopyroxene and crystallize
new olivine with a net gain in melt mass. As melt
percolates through the mantle, there is a positive
feedback between dissolution and melt flow: as the
new melt rises and begins to dissolve overlying
pyroxene and form melt-bearing dunite, it increases
the porosity and grain size within the dunite, which in
turn increases the permeability, allowing more melt
to flow into the dunite dike furthering channel
growth. Once formed, dunites can effectively shield
melts in the interior of the channels from further
reaction within the mantle.

There are a number of factors controlling dunite
channel formation in the mantle (terrestrial and
lunar). These include reacting melt composition,
porosity and mineralogy of the surrounding mantle,
pressure, and temperature. Dunite channels will not
form through reactive dissolution if the porosity of
the surrounding mantle is zero, as in a cold
lithosphere. As shown in [3] and [7], the composition
of the reacting melt has a significant effect on the

formation of dunite channels in the mantle. For
example, typical alkali basalt will preferentially
dissolve orthopyroxene and form dunite. A more
SiO2 rich basaltic andesite will not form dunite [7]
allowing such melts to remain in equilibrium with
both olivine and orthopyroxene to much shallower
levels.  On the moon, all of the picritic glasses are
olivine saturated up to at least 1.7 GPa and should
readily react with a harzburgite to form dunite.

Melt migration can also take place along
fractures. The porous nature of the Earth’s mantle
makes hydraulic fracturing difficult, but in the
conductive lithosphere where the temperatures are
low enough fracture may become the dominant
process [8].  To explore the mechanism by which
melt flows through the lunar mantle (fracture vs.
dunite channel) and the extent to which the kinetic
processes affect melt chemistry and multisaturation
depth estimates, we conducted a series of
harzburgite-picrite reactive dissolution experiments
using a high-Ti Apollo 15 picritic red glass.

Figure 1  BSE image of  4 hour dissolution run at
1380oC and 1 GPa. Harzburgite was placed on top of
a presynthesized high Ti red glass.  The red line at
the bottom of the image marks the original boundary
between the harzburgite and glass. Orthopyroxene
has preferentially dissolved, and olivine has
precipitated in a high porosity boundary layer.
Olivine grain size increases dramatically from
harzburgite to dunite.  The areas enclosed by the
dashed line were analyzed using a Cameca SX100
microprobe. X-ray maps of Mg, Fe and Ti
concentrations are shown in Figure 2.

Experimental Methods: Experiments were
performed following the techniques of [3].  Mineral
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grains were separated from a spinel lherzolite
xenolith from Kilbourne Hole. A 50-50 mixture of
olivine and orthopyroxene was ground to a 20 micron
powder. The harzburgite was then placed in a
graphite and platinum lined molybdenum capsule and
annealed in a 3/4 inch piston cylinder for a minimum
of 18 hours at the desired T and P of the dissolution
run (1380°C and 1 GPa).  Synthetic high-Ti glasses
were run in the same type of capsule, at the same P,T
conditions for a minimum of 4 hrs. The charges were
quenched, cut in half, polished, dried in a vacuum
oven and juxtaposed with the harzburgite on top of
the melt (to minimize convection). The new charge
was placed in a platinum sleeve and run for 20
minutes to 4 hours at 1380°C and 1 GPa.

Figure 2 False color X-ray maps (Mg, Fe and Ti) for
the regions outlined by the dashed lines on Figure1.
Relative abundances of each element are shown in
decreasing order from red (highest) to blue (lowest).
In the Mg X-ray map, olivines in the harzburgite
(Mg# ≈ 87) are noticeably bright red, and grade
down to yellow in the dunite (Mg# ≈ 77).
Orthopyroxene in harzburgite is green and the
relatively Mg-poor glass is blue.  In the Fe map, the
glass is visibly bright yellow and shows the extent of
melt infiltration into the overlying harzburgite.  The
Ti map shows this as well, with the melt appearing
bright green.  The melt is richer in Ti in the dunite
layer but this is a quench effect, TiO2 content of the
melt near the interface is 9.1 wt% (initial red glass
starting material has a TiO2 content of 13.9 %).

Experimental Results:  Figure 1 is a BSE image of a
4 hour dissolution run at 1380°C and 1 GPa. The red
glass is on the bottom of the charge and the
harzburgite is on the top.  In between is the melt-
bearing, orthopyroxene-free dunite (reactive
boundary layer) formed by dissolution of
orthopyroxene and reprecipitation of olivine.  Note
that the grain size of olivine in the dunite is
significantly larger than the grain size of olivine in

the harzburgite. Olivine in the dunite has distinctly
lower Mg# than those in the harzburgite, consistent
with the reactive boundary layer olivines crystallizing
from the more FeO-rich glass. Melt fraction in the
layer is approximately 35%.

Implications: In P-T regimes where the mantle is
porous and the melts are out of equilibrium with
orthopyroxene (less than multisaturation depths but
below a cold lithosphere) the experiments suggest
that high-Ti melts can form high porosity, dunite
channels through the preferential dissolution of
orthopyroxene.  Hence, it may not be necessary to
invoke models of fracture systems extending to such
depths [9] (though this does not rule them out).  The
olivine layer can help to shield these liquids from
reacting with the mantle wall rock.

If melt is migrating through a colder mantle, i.e.,
via fractures, melt velocities can be much higher. If
convection is very vigorous, olivine that crystallized
on the margins during ascent can become entrained
as xenocrysts in the mostly crystal-free melt channel.
Melt reaction with the harzburgite could continue to a
greater extent.  This has implications similar to
polybaric melting models.  It may be that this
disequilibrium reaction can create multiply saturated
melts at the boundaries of channels, which mix to
some extent with olivine saturated melts in the
interior. At greater depths in the mantle, there may be
no preferential dissolution of orthopyroxene as the
melts are in equilibrium with both phases and/or
orthopyroxene only so that the chemical driving force
to dissolve pyroxene is removed.

There is a large variability in the compositions of
lunar basalts. We plan to run dissolution experiments
in additional synthetic glasses, including a VLT
green glass and a high-Ti yellow glass.  The essential
features of rock-melt interaction involve both melting
and dissolution and in order to fully understand the
effects on melt composition new modeling must
incorporate both processes.
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