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Distribution coefficients for La, Sm, Sc and Co between plagioclase and low 
La-magma; S.Togashi, Geological Survey of Japan 

The concentrations of Na, La, Ce, Sm, Eu, Fe, Co and Sc in a few tens of mg samples of 
plagioclases and their host lavas were determined with INAA for low-La and low-alkaline tholeiites 
from Japan. The data suggest that Henry's law holds in the case of plagioclase down to 0.1 pprn 
level concentrations. The variations of the distribution coefficients (D's) for La, Ce, Sm, Co and 
Sc are small compared with the varieties of the host magmas, in which concentrations vary by 2 
orders of magnitude. The D of Sc is minimum and is available as a criteria of the maximum 
contamination of the magmatic component with plagioclase. Plagioclase records quantitatively the 
composition of the host magma not only for incompatible elements (LREEs), but also for 
compatible elements (Co) during magmatic processes. These records reveal the evolution of host 
magmas and their origin, and are applicable to the lunar anorthosites. 

The INAA data suggest that Henry's law holds in the plagioclase down to 0.1 pprn La (Fig. 
I), 0.5 pprn Ce, 0.1 pprn Sm, 0.06 pprn Co and 0.1 pprn Sc. As shown in Fig. 2, the D's of La, 
Ce, Sm, Co and Sc vary by a factor of 5 at constant Ab content of plagioclase, and slightly increase 
with increasing Ab content. The variations reported here are consistent with the data of Sr and Ba 
[I]. They suggest that the effects of temperature, pressure and fluid composition are minor. The 
values of D's of other trace elements are also essentially consistent with previous data [2-61. 

The D's of Sc are minimum among these trace elements in plagioclase (Fig. 3). Moreover, the 
variation of Sc during magmatic processes is generally less than a factor of 10. Therefore, the value 
of D and absolute concentration of Sc are good criteria to evaluate the maximum contamination of 
the magmatic component (melt inclusion and/or groundmass). Consequently, data from plagioclase 
with high Sc concentration (>0.8 ppm) are rejected from the discussion. As the values of the D's of 
other elements are higher than the D of Sc, these trace elements would substitute into structural 
sites within plagioclases crystals. Divalent Mg and Fe substitute into tetrahedral structural sites in 
lunar plagioclase [7]. Therefore, divalent Co would substitute into the same tetrahedral sites, 
because Co is slightly larger than Fe. The distinctly high D of Co for two rhyolitic rocks is 
remarkable (Fig. 3). The very low-Co liquids derived by extreme fractionation would be in 
disequilibrium with high-Co plagioclase of the less fractionated stages (Figs. 4 &5). If this is the 
case, distinct concentration zoning pattern of Co should be observed within the plagioclase. 

During partial melting and fractional crystallization, Sm behaves as an incompatible element, 
whereas Co behaves compatibly because of the contribution of mafic minerals. Differences in the 
behavior of incompatible versus compatible elements during the different magmatic process allows 
for distinct concentration relationships in magmas (Fig. 4). Plagioclase records these differences in 
the composition of the host magma both for incompatible and compatible elements under control of 
the distribution rule (Fig. 5). 

Low-Sc lunar anorthosites (Sc<0.8 ppm) are plotted in Fig.5. Samarium concentrations of 
FAN are distinctly lower than magnesian and alkali anorthosites. The concentrations of Co in lunar 
anorthosites vary among each kind of anorthosites, and the ranges of the Co variations are similar. 
The expected high-Mg and Co parent magma of FAN would have a lower Sm concentration than 
the parent magma of aklali and magnesian anorthosites by orders of magnitude. 

Further precise determinations of these trace elements in micro scale by INAA, SIMS and/or 
ICP-MS will reveal the mechanisms of crystallization, floatation, sedimentation, mixing and 
assimilation during magmatic evolution of the earth and moon. 
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