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The rheological properties of crystal-rich magmatic suspensions and mushes play an important role in 
partial melting, magma transport, and differentiation. Of particular interest to lunar studies is the role that the 
rheology of plagioclase-melt mixtures plays in the formation of anorthosites[ e.g., 11. Accordingly, we have 
begun a study of plagioclase-melt wetting angles. Results from a melting experiment on a terrestrial gabbroic- 
anorthosite show a mean wetting (dihedral) angle of 45" - a result similar to that obtained for alkali feldspar- 
melt by [2]. However, the distribution of measured wetting angles is non-ideal - reflecting crystalline 
anisotropy, the development of planar crystalline faces, and heterogenous melt distribution. These results are 
qualitiatively similar to those obtained for biotite-melt by [3] and suggest: a) that the transition from 
suspension (liquid rheology) to mush (solid rheology) occurs at lower melt fractions than would be predicited 
for uniform spheres [2]; and b) that there is a non-zero equilibrium melt fraction that cannot be withdrawn 
from a plagioclase-rich matrix under hydrostatic stress [3]. 

Rock powder of anorthositic gabbro 500B from Nain [4] was run in a 112 inch piston cylinder 
apparatus at 1150" C and 10 kbar for 14 days in a graphite capsule according to the procedures of [5]. 
Measurements of 200 plagioclase-melt wetting angles were made from 2000X backscattered electron 
microphotographs of the polished surface of the charge. Results are shown in Fig. 1 as percent frequency 
versus observed wetting angle and yield a median angle of - 45". Also shown is the calculated ideal 
distribution of observed angles expected for randomly oriented 45' crystal-melt junctions intersected by a plane 
[6]. The observed distribution of wetting angles is much broader than the ideal distribution. Also, melt is 
distibuted non-randomly: in addition to the even-distributed, small (< 10 microns) triangular pockets of melt 
expected for equilibrium, there are large, polycrystalline, melt-free areas as well as local accumulations of melt 
into pockets, tens of microns in size with numerous, well-facetted bounding crystals. Such textures are 
different from the uniform distribution of melt pockets bounded by equidimensional olivines with rounded melt 
interfaces, typically observed in similar experiments on olivine-rich materials [e.g., 71. Similar disparities 
observed in experiments on biotite-rich granodioritic materials have been attributed in part to strongly preferred 
lattice misorientations along grain boundaries[3]. These misorientations produce a non-random distribution of 
interfacial energies and a dominance of grain boundaries with lower energies. This preference for lower energy 
grain boundaries will lead to clustering of crystals and crystalline anisotropy will enhance this effect. At the 
same time crystal-liquid boundaries that are favored energetically will produce facetted crystal faces. The result 
is the formation of crystal-rich regions with limited ranges of crystalline orientations separated by melt-rich 
pockets bounded by facetted crystals with range of stable dihedral angles. 

There are important implications of these observations. One is the effect on the critical melt fraction 
below which the viscosity of a crystal-melt suspension increases exponentially with further decreases in melt 
fraction and becomes a rheological solid (mush) requiring deformation of the crystalline matrix in order to 
move. The critical melt fraction is a function of contiguity [8] - the fraction of crystalline surface area taken 
up with crystal-crystal contacts - which is in turn a function of the wetting angle [9]. The higher the 
contiguity, the higher the critical melt fraction; but the lower the wetting angle, the lower the contiguity. This 
means that the viscosity of suspensions is not a function of crystallinity alone. [lo] showed that planar crystal 
faces had lower wetting angles than curved faces at the same triple junction and that melt penetrated deeper 
between crystals bounding a melt pocket if one had a flat face. They inferred higher pemeabilitylporosity and 
lower viscosities (hence contiguity) for assemblages with planar crystal faces[lO]. An apparently contrary 
conclusion was reached by [3] who observed that the large pockets of melt associated with the development of 
planar crystal faces (biotite) were separated by dry, highly contiguous, polycrystalline regions, similar to those 
present (plagioclase) in our experiment. They argued for an overall increase in contiguity and hence viscosity, 
and concluded that any increase in permeability was only local (leading to the formation of the pockets of 
melt) [3]. More importantly, they concluded that the polycrystalline regions were impermeable and ultimately 
isolated the melt pockets so as to stabilize a non-zero equilibrium melt fraction. This melt fraction is not as 
straightforward to quantitfy as the equilibrium melt fraction in an ideal system of uniform spheres with 
constant dihedral angle [2]. 

The apparent conflict between these conclusions may be resolved by a modification of the model of 
equibrium melt fraction for facetted crystals with low dihedral angles: the effect of producing dry, 
polycrystalline regions separated by large pockets of melt probably isolates the melt thus yielding a low 
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equilibrium melt fraction as suggested by [2 and 31; however, once this melt fraction is exceeded and the melt 
pools interconnected, the large polycrystalline areas may behave as quasi-single crystals with relatively low 
effective contiguity at very low strain rates. This latter behavior would yield lower viscosity than a uniform 
crystal-melt assemblage with similar melt fraction. In other words, the controls on bulk physical properties are 
no longer entirely at the scale of crystal-melt interfaces, but at the scale of the large pools of melt and the 
polycrystalline aggregates. 

The applications to anorthosites are considerable. If textural equilibrium of facetted crystals such as 
plagioclase leads to the formation of polycrystalline aggregates or clusters that have less extensive external 
than internal crystal-crystal contacts, then suspensions of facetted, polycrystalline plagioclase may have lower 
viscosities than equivalent suspensions of plagioclase spheres and perhaps lower viscosities than equivalent 
suspensions of facetted plagioclase that have not yet reached textural equilibrium. This means that the critical 
melt fraction for the transition from plagioclase-melt suspensions to mushes may be lower than inferred from 
uniform sphere models or observations of crystallinity in lavas [e.g., 111, thus facillitating the transport of 
plagioclase suspensions with less than 50% melt [I]. On another level, because of the non-zero equilibrium 
melt fraction, the very high modes modes of plagioclase (up to 99%) in lunar ferroan anorthosites may be 
impossible to achieve (except on a small scale) without deformation. Thus either a once present, but less 
durable, mafic constituent of the crust has been rendered cryptic by meteorite bombardment [12], or 
deformation - possibly in the form of buoyancy-driven, post-accumulation diapirism - has separated 
plagioclase from trapped liquid yielding ultra-pure anorthosites [I]. 
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Fig. 1 Plot of percent frequency versus plagioclase-melt wetting angles. Solid lines are results of 200 
measurements in a single charge; dashed curve ideal distribution of randomly oriented 45" dihedral angle 
intersected by a plane [6]. 
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