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Introduction:  Lunar mare basalts and picritic
magmas must pass through the anorthite rich crust
(anorthosite, troctolite, and norite) to be erupted on
the surface of the moon. These magmas traveled in
dikes through the crust and undoubtedly assimilated
some of the host anorthite. Assimilation of anorthite
has the potential to significantly affect the major and
trace element chemistry of magma within the dike as
well as the host rock. Jones and Delano [1] argued
the CaO and Al2O3 variations in the picritic glasses
are the result of anorthite assimilation. Others [2]
suggested that the high thermal energy requirements
of assimilation (by melting) prevent the magma from
assimilating much anorthite. Furthermore [2] argued
that simple linear mixing of anorthite into the picritic
glasses is insufficient to explain the picritic glass
trends because anorthite does not fall along a linear
mixing trend defined by the picritic glasses (also see
Fig.3 below).

Several previous studies have examined anorthite
dissolution into basaltic melts [2, 3]. Finnila et al. [2]
estimated the effective binary diffusion coefficient
(EBDC) of Al2O3 by dissolving anorthite into a
synthetic FeO-free picritic melt. Tsuchiyama [3]
explored the chemistry and morphological variations
of plagioclase single crystal dissolution in andesitic
melts. In order to better understand the interactions
between the picritic magmas and anorthite rich crust
we have conducted a series of anorthosite dissolution
experiments.
Experiments:  The dissolution rate of anorthosite in
an Apollo 15 picritic green glass melt (A15C, [4])
was determined from a series of diffusive dissolution
experiments. Dissolution couples were formed by
juxtaposing pre-synthesized anorthosite and A15C
green glass in C-Pt-Mo capsules [5] and held at 1400-
1420°C and 0.5-0.7 GPa for 0.3 to 8 hrs. Anorthosite
and picritic melt starting materials were synthesized
from a pure anorthite glass powder and the A15C
oxide mixture, and run at pressure and temperature
conditions identical to the dissolution experiments.
Results:  As shown in Fig. 1, at short times when the
dissolution couple was effectively semi-infinite,
dissolution distances vary linearly as a function of the
square root of time, suggesting diffusion in the melt
is the rate-limiting mechanism for dissolution (0.3
and 1 hr experiments). At later times, the dissolution
couple became finite, reducing the rate of dissolution
[6] (8 hr experiment). Fig. 1 shows that the rate of
anorthosite dissolution in A15C is considerably faster
than those reported for terrestrial studies. As an
illustration the green picritic melt would dissolve 0.4

m of An in ~100 years, whereas an andesite melt
would dissolve only 0.14 m in the same period of
time. Nevertheless, diffusive dissolution is not the
dominant mechanism of mass transfer when magma
is flowing through a dike. Instead the convective
dissolution rate must also be considered.

Fig. 1. Dissolution distance vs square root of time for
anorthite dissolution in an Apollo 15 picritic green
glass melt [4].  The red symbols are individual
anorthite dissolution experiments.  The error bars
(1s) are smaller than the symbol for the 0.3 and 1.0
hr experiments. The blue line is the plagioclase
dissolution rate at ~1400°C reported by Tsuchiyama
[3]. The dashed line is the olivine dissolution rate at
~1300°C reported by Zhang et al. [7].

The rates of convective dissolution are expected
to be greater than the rates of diffusive dissolution.
Convective dissolution is characterized by a
boundary layer separating the solid from the well-
mixed melt. Within the boundary layer, mass transfer
is dominated by diffusion. The rates of convective
dissolution were calculated using eqn. 20 of [7]
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where V is the convective dissolution rate (m/s), D is
melt diffusion coefficient (m2/s), d is the boundary

layer thickness (m), 
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composition, Cf is the melt composition in the well
mixed region and C s is the dissolving solid
composition. The EBDC of Al2O3 (1.1x10-10 m2/s)
was estimated using eqns. 1b and 9b [8] and our
anorthite dissolution data (Fig. 1). Boundary layer
thicknesses were estimated for laminar and turbulent
flow in a pipe (page 227; [9]). The following
parameters were used in the boundary layer thickness
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calculation and are consistent with the analysis of
[10], an initial dike diameter (d) of 5 m, pipe length
of 60 km, melt velocity of 0.5 m/s, and kinematic
viscosity of 6.5x10-3 m2/s. Using these parameters we
found the boundary layer thickness for picritic
magmas are 0.5% and 0.08% of the dike diameter for
laminar flow and turbulent flow in a tube,
respectively. The degree of undersaturation (q, term
in parenthesis in eqn. 1) ranged from 0.79 to 0.81 for
the picritic glasses reported by [11]. The rate of
convective dissolution as function of the boundary
layer thickness and the degree of undersaturation is
shown in Fig. 2. A 5 m diameter dike after one year
would grow to 5.04 m by diffusive dissolution, 5.36
m by convective dissolution with laminar flow in the
dike and 6.09 m by convective dissolution with
turbulent flow in a dike.

Fig. 2. Variations of convective dissolution rate (in
units of 10-7 m/s) as a function of undersaturation (q)
and convective boundary layer thickness.
Undersaturation (q) is the term in parenthesis in eqn.
1. d is the boundary layer thickness and d is the dike
diameter.

Discussion:  Anorthite dissolution in picritic melts is
extremely fast. This is due to a combined effect of
fast transport (diffusion and convection) and large
degree of undersaturation. Our results show that
anorthite dissolution by a migrating melt is certainly
possible, even likely.  Anorthite dissolution primarily
adds CaO and Al2O3 to the melt, diluting the
abundances of SiO2, MgO, FeO and other elements
not contained within pure anorthite. Unlike simple
linear mixing of anorthite into the magma the rate at
which elements are added to the picritic magma will
depend on diffusion in the melt, resulting in diffusive
fractionation. This also applies to convective
dissolution because the anorthite components must
diffuse across the boundary layer. Diffusive

fractionation usually does not result in simple linear
mixing trends on oxide - oxide plots, instead non-
linear mixing trends are expected [6].  As an example
Fig. 3 shows CaO and Al2O3 variations in the green
glass resulting from our anorthite dissolution
experiments (red and blue symbols). While simple
linear assimilation of anorthite cannot explain the
picritic green glass trend, the compositions resulting
from anorthite dissolution appear to be consistent
with the observed picritic green glass trend.  In
closing we should point out the diffusive fraction is a
local phenomena and only affects the region near
magma-wall rock interface.  A simple mass balance
calculation shows that the relative mass ratio between
the through going melt and dissolved anorthite is
very small (anorthite/melt = 10-6 for diffusive
dissolution and 10-3 for convective dissolution),
suggesting the bulk of the magma remains largely
unaffected.

Fig. 3. Comparisons of CaO and Al2O3 in the picritic
green glasses (green symbols, [11, 12]) with our
measured dissolution profiles (red, 1400°C, 0.5 GPa,
1 hr, and blue, 1400°C, 0.5 GPa, 0.3 hrs). The dashed
green line is the regression of the picritic green glass
data extrapolated to high Al2O3 compositions.  The
black symbols are lunar anorthite compositions [13,
14].
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