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We have modelled low pressure fractional and equilibrium crystallization 
of a series of proposed olivine-normative, whole moon compositions (1,2,3) 
and calculated mineral chemistry at each step. Results indicate that the 
"anomalous" low-Mg, high-An anorthosite trend described by (4) may well be 
the result of simple fractional crystallization. The "normal" trend of 
decreasing Mg/Fe and An/Ab in lunar plutonic rocks, however, requires epi- 
sodes of extensive equilibrium crystallization interrupted by segregation of 
solid phases. 

Examination of the Fe-Mg distribution between olivine and melts of natu- 
ral lunar samples shows that the exchange distribution coefficient, 

%=(X;;O) (xT0) 1 (#:O) I (zeO) , is nearly independent of temperature but is 
dependent upon large chang& in melt chemistry. It was previously reported 
(5) that K decreased with increasing Ti0 melt concentration, however, among 
lunar bassets increasing Ti0 correlates &ell with decreasing SiOZ concentra- 

2 tions so that there is also a 
melt concentration. A similar 
the terrestrial olivine-melt pairs reported by 
apparent correlation between and Ti0 . Approximately 
ation of K,., among the lunar 01 vine-melg pairs can be accounted for by the 
equation 

P 
\=. 8608xii-. 3143e-0.030 (1) 

S i = ~ i / ~  cations in the melt. A similar equation exists for the ter- 
:::::is olivine-melt pairs. The Sf-A1 composition dependenc~~of K,, iq2 
interpretted as a result of different mixing properties of Fe and Mg in 
melts with different structure (degree of polymerization). 

Mg distribution between olivine and lunar melts can be represented by 
the empirical equation: 

Pg =-$l%/eO = exp[2.303(2831./T°K - 0.8261 01-L 01 (2) 

Given a liquid composition it is possible to calculate ggO from equa- 
tion (1) and, in turn, the liquidus temperature from equation i2). Thus we 
can approximately map the liquidus surface of melts in equilibrium with oli- 
vine and thereby simulate fractional crystallization in a series of steps by 
calculating the compositions of coexisting solid phases and liquid for a 
given bulk composition and degree of crystallization. Liquid lines of descent 
in this model are constrained by phase boundaries in the SiO - Olivine-Plagi- 
oclase system (7). Plagioclase compositions are calculated gram equation (8) 
of (8). Pyroxene and spinel compositions are calculated from published and 
unpublished crystal-melt data. Upon reaching pyroxene saturation the system 
will crystallize orthopyroxene(Wo=2.5) at (Mg/Mg+Fe) >.6, pigeonite (Wo=7) at . 6>(Mg/Mg+Fe)L>.4, and pigeonite plus augite at (Mg/kg+~e) < .I. 

L Some1 results are shown in Figure 1 along with the observed trends in 
lunar plutonic rocks (solid lines) reported by (4). The dashed line labelled 
TJ represents the composiiton of coexisting plagioclase and olivine derived 
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from the whole moon composition of (1) for fractionation steps of 0.01 when 
residual liquids are constrained to the 01-px-an peritectic. The dotted line 
(HK) represents the whole moon composition investigated by (2). The dash-dot 
line (T) is the composition of (3). In these models there is extensive Fe 
enrichment in olivine but only modest Ab enrichment in plagioclase despite 
the near perfect fractionation. There are inflections in the trends and 
subsequent changes in slope caused by the onset of pyroxene crystallization. 
Following the onset of pigeonite crystallization in the Taylor-Jakes (TJ) 
model, the anorthite content of the plagioclase increases as Fe/Mg continues 
to increase in olivine. The calculated mineral compositions of this part of 
the trend (liquid compositions at the 01-pyx-an peritectic) are remarkably 
coincident with those observed in the anorthositic series, thus supporting 
the model for anorthosite series proposed by (9). The HK composition inves- 
tigated by (2) is apparently too magnesian to produce the anorthasitic series. 

Calculated equilibrium crystallizatj.on trends are also shown in Figure 1. 
The small extent of the equilibrium trends precludes deriving the "normal" 
plutonic series by simple equilibrium crystallization. The slope of the 
"normal" trend is also too flat to be the result of efficient fractional 
crystallization. In order to produce the extent and slope of the "normal" 
trend, several cycles consisting of nearly complete equilibrium crystalliza- 
tion followed by separation of the residual liquids seem necessary. Trapping 
magma in breaches of the growing crust opened by impacts or foundering may be 
one mechanism of allowing near equilibrium crystallization. 

These calcualtions apply only to magma differentiation near the top of the 
magma ocean. However, crystallization at the base of the magma ocean will 
also cause magma fractionation, If magmas evolved at the base of the magma 
ocean rise to the base of the crust and begin to crystallize, they will have 
different lines of descent and crystallization sequences, thus complicating 
crustal petrology. 
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Figure 1. Calculated olivine and plagioclase compositions produced during 
equilibrium and fractional crystallization of proposed whole moon composi- 
tions. Dotted line = HK(2), Dashed line = TJ(1) and Dot-dash line = T(3). 
Heavy solid lines are trends of observed mineral compositions in lunar crus- 
tal rocks with cumulate texture (4). Light solid lines are approximate trends 
of equilibrium crystallization: HK,T, TJ from top to bottom. opx, pig and 
p+a signify onset of orthopyroxene, pigeonite and pigeonite plus augite 
crystallization respectively. 

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


