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Plagioclase feldspar is an important mineral component of 
certain crustal and mantle rocks on the Earth and the moon. 
There has been some dispute in the literature recently about the 
compressional and shear velocities of calcium-rich plagioclase 
feldspars. In this study (1) a polycrystalline specimen og 
anorthite has been hot-pressed at P = 15 kbar and T = 1000 C in a 
piston-cylinder apparatus. Compressional (v ) and shear (vs) 
velocities are determined as a function of p$?essure to 7.5 kbar 
at room temperature by an ultrasonic pulse transmission technicpe 
The specimen is less than 0.5% porous and is elastically iso- 
tropic within 1%. The velocities at 7.5 kbar are vp = 7.29 km/ 
sec and vs = 3.85 km/sec. These velocities are consistent with 
or somewhat higher than those for terrestrial and lunar plagio- 
clase rocks and minerals. 

Several of the terrestrial plagioclase rocks studied by 
Wang et al. (2) exhibit rather high values of v and vs for their 
anorthite content (50 - 75%), and the authors ( 9 )  suggested that 
this may be due to anisotropy resulting from preferred orient- 
ation of grains in the aggregate. In the light of our data for 
an isotropic polycrystalline aggregate of anorthite and the 
pronounced velocity anisotropy observed in plagioclase single 
crystals, this suggestion appears to be the correct interpret- 
ation. We find no reason to suggest velocities in excess of 
vp = 7.3 km/sec or vs = 3.9 km/sec for plagioclase rocks unless 
preferred orientation or higher velocity minerals (e.g., 
pyroxene or olivine) are present. 

Recent lunar seismic models suggest that the compressional 
velocity in the second layer of the crust is vp = 6.7 km/sec at 
20 km depth and increases very little to about vp = 6.8 km/sec 
at the base of the crust at 55 km depth. This nearly constant 
velocity layer has been interpreted as being consistent with 
velocities of pore-free terrestrial and lunar gabbros, anortho- 
sitic gabbros and anorthosites, representing a considerable 
range in mineralogical compositions. This basic ambiguity in 
interpreting the lunar seismic data has been discussed for 
example by Wang et al. (2), who caution against any unique 
compositional interpretation. 

Our new velocity data for anorthite carry several interest- 
ing implications for these discussions of the lunar crust. 
 for example, we may now calculate directly the intrinsic veloci- 
ties of gabbroic and anorthositic rocks using the velocity data 
for their constituent minerals. For the purposes of illustration 
we adopt the chemical composition of the average highland crust 
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Taylor and Bence (3); the resultant modal composition is an anor- 
thositic gabbro which contains 69 wt.% plagioclase (Angg) with 
opx>ol>>cpx>>ilm (mean Mg/(Mg+Fe) = 0.72) and has a density 2.95 
g/cc and compressional and shear velocities v = 7.4 km/sec and 
vs = 4.1 km/sec. Similar calculations for a Eunar crust of 
gabbroic composition (40% plagioclase (Ang5), 50% orthopyroxene, 
10% olivine) imply that vp = 7.5 km/sec and vs = 4.3 km/sec. 

It is clear from these calculations that the intrinsic 
compressional velocity of gabbros, anorthositic gabbros and pure 
anorthosites is v = 7.3-7.5 km/sec, or considerably greater than 
that observed in !he lower lunar crust. In order, to explain 
velocities as low as v = 6.8 km/sec in this layer in terms of 
rocks of these composiEions, we must require that the intrinsic 
rock velocities be reduced by the effects of temperature or grain 
boun6ary alteration or by the presence of pores and cracks or 
glass from shear metamorphism. Most current thermal models 
imply that the temperature at a depth of 40 km is less than 400'~ 
which would reduce vp by only -0.2 km/sec, much too small to 
account for the discrepancy. Since the pressures in the lower 
crust of the moon (P = 1-3 kbar) are insufficient to close the 
pores and cracks in samples of gabbros and anorthosites collected 
at the surface of the moon, Wang et al. (2) have interpreted 
the velocity discontinuity near 20 km depth as a textural 
boundary: i.e., microcracks are open above the discontinuity 
and closed below it, regardless of whether the rock is gabbro 
or anorthosite. These authors also interpreted the 20 km bound- 
ary as the maximum depth of shock metamorphism on the moon or the 
depth at which pressure and temperature are sufficient to close 
or anneal cracks (4). Our calculations suggest that these inter- 
pretations are only partly correct, in view of the large remain- 
ing discrepancy between the in situ lunar crust velocities and 
the intrinsic pore-free velocities of gabbro and anorthositic 
gabbro. 

Regardless of the causes invoked to explain the discrepancy, 
it remains impossible to distinguish rock compositions such as 
gabbro, anorthositic gabbro or anorthosite for the lower lunar 
crust on the basis of the seismic data alone. This has important 
implications for some current petrological and chemical models of 
the moon. 

There has been a widespread assumptiorqboth explicit and 
implicit, that the entire lunar crust is composed of anorthite- 
rich rocks similar to the anorthositic gabbros which predominate 
near the surface. This assumption has been used to construct 
models for the bulk composition of the crust for a wide range of 
elements (e.g., 3). These models have been characterized by 
high contents of CaO, A1203 and certain other relatively invola- 
tile minor components (e.g., U. Th) and have been used to support 
the inference that the source region from which the crust was 
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formed during the early differentiation of the moon was quite 
strongly enriched in Ca, Al, U, etc., relative to the abundance 
these elements in chondrites and in the earth's mantle. 

To the extent that these models are based upon the belief 
that seismic data specifically imply a lower crust of anortho- 
sitic gabbro composition, they are without justification. The 
basic ambiguity in matching seismic velocities to rock composit- 
ions would equally permit the lower crust to consist of a mafic 
gabbro, containing 40 percent or less of anorthite. The mean 
composition of the crust might well represent that of a normal 
gabbro, containing about 50 percent of plagioclase and 17-18% 
Al2O3. The latter interpretation would be consistent with the 
view that the crust represents a former gabbroic magma, derived 
by extensive partial melting of the moon's upper mantle. During 
crystallization of this parental magma, a limited amount of 
plagioclase elutriation occurred, resulting in a modest relative 
enrichment of plagioclase in the upper crust, and a corresponding 
modest depletion in the lower crust, as compared with the initial 
composition of the parent magma. 

Such behaviour is commonly observed in terrestrial mafic 
stratiform intrusions. In our opinion it is plausible that it 
should have occurred on the moon. In view of the efficient 
differentiation which has occurred to form the bulk lunar crust, 
it would be surprising if this differentiation had not occurred 
within the lunar crust, resulting in a significant degree of 
enrichment of plagioclase in the upper 20-30 km. Taylor (5) has 
suggested that subsequent remixing by cratering processes would 
have homogenized any intially non-uniform lunar crust. This, 
however, appears doubtful in view-of the strong lateral composit- 
ional heterogeneities in the highland crust as revealed by 
orbital X-ray and gamma ray spectroscopy. 
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