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DISSOLUTION OF PLAGIOUASE AND THE ORIGIN OF MG-SUITE PARENT MAGMAS 
P.C. Hess, Department of Geological Sciences, Brown University, Providence, RI 02912 

The most primitive members of the Mg-rich suite are magnesian troctolites with 
Mg* (MgO/MgO+FeO x 100 in moles) from 81-92. About 16  troctolites contain olivines 
with Mg* > 87 and 5 of these have Mg* 90-92 (1). The high Mg* ratios are unusual if 
compared to terrestrial troctolites. Ocean floor basalts, for example, do not have olivine 
and plagioclase on their liquidus until olivines have attained Mg* S 87 (2). No 
terrestrial troctolites, to my knowledge, have olivines with Mg*> 88. The reason for this 
relationship is that basalts which crystallize olivine with Mg* > 88 are produced by 
relatively large degrees of melting of peridotite, and must crystallize 10-30% olivine to 
increase the A1203 contents of the coexisting liquids to the 15-18 wt% values necessary 
for plagioclase saturation at low pressures. Such liquids develop the "low" Mg* 
observed in most troctolites. Why then, do a significant fraction of the troctolites have 
Mg*> 87? 

The source regions for magnesian troctolites are either (1) the primitive, largely 
undifferentiated lunar interior (if one ever existed) or (2) the magnesian cumulates of 
the primordial magma ocean (numerous authors have argued cogently that the Mg 
suite parent magmas are not samples of the original magma ocean [3,4] ). If the source 
is the undifferentiated moon, the Mg* could have terrestrial mantle values, 87-88, and 
the degree of melting must have been substantial, roughly 25-308,  to produce the Mg* 
values of the parent liquids to the most magnesian troctolite. In constrast, a cumulate 
source region does not require large degrees of melting to provide for the appropriate 
Mg*. Thus, if the source is the undifferentiated moon, the moon has a terrestrial 
(upper) mantle Mg*; if not the Mg* of the moon is unconstrained. 

The initiation of melting in either source is linked to the adiabatic upwelling and 
decompression melting of buoyant mantle. The buoyant upwelling is probably linked 
to the overturning of the gravitationally unstable cumulate pile which brings FeO- 
enriched, late stage cumulates to the floor of the magma ocean and hot Mg-rich 
cumulates upwards to the crust-mantle interface (5,6). The latter cumulates would 
undergo pressure-release melting. During this overturn, the lower undifferentiated 
mantle would also become gravitationally unstable and undergo pressure-release 
melting by the same mechanism. The overturn of the cumulate pile is the trigger that 
produces melting for diverse parts of the moon shortly after, or perhaps even during, 
the crystallization of the magma ocean. 

The silicate melts developed from either source must crystallize olivine to reach 
plagioclase saturation, and thereby significantly reduce the Mg* of the original melt. 
Melts produced by approximately 30% melting of peridotite (Mg* 87) require 10-15% 
crystallization of olivine to reach plagioclase saturation. Melts produced by melting of 
olivine or harzburgite cumulates plus small amounts of trapped liquid are A1203 poor 
and strongly undersaturated with plagioclase. Suppose, for example, that cumulates 
were produced from up to 50% crystallization of a magma ocean with A1203 = 5 wt%. 
Partial melts from this cumulate source cannot have more than 10% Al2O3. Such melts 
require more than 40% olivine crystallization to reach plagioclase saturation and 
cannot produce the most magnesian troctolites. 

It is argued, therefore, that plagioclase saturation is imposed on the magmas 
derived from both source regions by interaction of these melts with the anorthosite 
crust. Such assimilation is necessary to provide the high abundances of rare earths, the 
low Ti/Sm ratios and the negative Eu anomalies of some of the Mg-suite parent magmas 
(7) .  

The interaction cannot be by simple melting of the anorthite-fraction of the 
crust since melting tcmperatures are too high (circa 1500°C). Partial m c l ~ i n g  of 
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noritic o r  troctolitic crust i s  helped by lower melting temperatures (circa 1300°C) but 
the A1203 contents (13-17%) and the Mg* values (40-70) of these liquids are too low to 
bring the primitive liquids to plagioclase saturation without also affecting the strongly 
magnesian signature. The  assimilation therefor is by dissolution of plagioclase into a 
plagioclase undersaturated melt.  

The  rate limiting stop in dissolution is the transport of ions by diffusion through 
a compositional boundary later that develops between the melt and wallrock (8). The 
thickness of this layer (8) is given by 6 = 0.8d ~ a - ~ . ~ ~  L e  -0-35 (Ra= Rayleigh number, 
Le=Lewis number, d= thickness magma body ) which for typical magma bodies ( ~ a - 1 0 1 0  
to 1014, ~ e - 1 0 4  to 106) is 6 I 20 cm (9). For reasonable diffusion coefficients ~ = 1 0 - 7  -10- 
8 cm2/s, the dissolution rates of anorthite are about 10-3 to loe2 cm/yr for 6=10 cm (10). 
Thus the dissolution of 100 m of wallrock requires about lo6 to lo7 years. 

In order to assimilate about 10% plagioclase into a Skaergaard sized magma 
chamber (V= 500 km3), about 200m of wall rock must dissolved. This process would take 
several millions of years, a period that is many times longer than the solidification 
time. Even longer periods are  required to contaminate larger sized magma chambers to 
the same degree o r  similar sized bodies to a greater degree. It  is concluded that only 
small amounts of plagioclase assimilation, say a few percent can b e  expected over the 
lifetime of a typical intrusion. 

Assimilation may also occur, however, on  the conduit walls of  large dikes. For 
dikes that are less than 2m in  thickness, magma flow is laminar, and compositional 
boundary layers or  even chill zones will limit the extent of dissolution (11). But for 
dikes greater than 2m in thickness, flow is likely to be turbulent and boundary layers 
have negligable widths (<<lcm). Since the Mg-suite parent magmas may traverse u p  to 
60 km of anorthosi te  crust ,  the opportunity for  assimilation, especial ly in  such 
preheated channels may be significant. 

The  mean velocity for  magma flowing turbulently in a d ike  of width 3m, 
assuming Ap = 100kg/m3 (Ap = density difference between wallrock and melt o r  an 
equivalent excess pressure) and  melt) = 10  Pas is about 4 mlsec. A melt parcel would 
traverse the entire crust in  about 4.6 hours. Given a dissolution rate of 300 cm/yr 
(boundary layer thickness 6-  100pm) the melt parcel assimilates wallrock equal to less 
than 1% of its mass. It is concluded, therefore, that only small amounts of dissolution of 
anorthosite crust is likely. 

The  conclusion that only small amounts of  plagioclase dissolution has occurred 
may be premature, if (1) wallrock is dissembled and immersed into the melt and/or (2) 
if turbulent convection occurred in the magma chambers. Such mechanisms d o  not 
been operate effectively on earth, however. Mg-suite parent magmas therefore are 
believed to be  relatively close to plagioclase saturation and need to assimilate only 
modest amounts of crust. If this conclusion is correct, the source was the primitive 
interior of the moon with a near terrestrial peridotite composition. This  implies that 
the moon has an earth-like Mg* value, - Mg* 86-87. 

REFERENCES 
1. Warren, (1986) Origin of the Moon, Ed. Hartrnann et al, 279-310; 2. Grove and Bryan 

(1983) Contrib. Mineral. Petrol., 84, 293-309; 3. James (1980) Proceed.Lunar Sci. Conf., 11, 365- 
393; 4. Norman and Ryder (1979) Proc.Lunar Sci. Conf. 10, 531-560; 5. Hess (1991) GRL, 18, 
2069-2072; 6. Spera (1990) Workshop: Mare Volcanism and Basalt Petrogenesis, 15; 7. Ryder 
(1991) GRL, 18; 8. Donaldson (1985) Min Mag, 49, 673-693; 9. Clark et a1 (1987), Magmatic 
Processes, Ed. Mysen, 289-306; 10. Zhang et  a1 (1989) Contrib. Mineral Petrol; 11. Turcotte 
(1990) Magma Transport and Storage, Ed. Ryan, 103-11 1. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


