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Recent re-examination of a large number of Apollo 12 mare 
basalts (1,2) has shown that the ilmenite basalts are an impor- 
tant and abundant magma-type at the A-12 site. They are composi- 
tionally and texturally varied, reflecting a wide range in cool- 
ing history and magmatic evolution. These authors (1,2) argued 
that the composition of the vitrophyre 12008 is close to that of 
the parental magma, and that the chemical variation in the ilmen- 
ite basalts is dominated by moderate amounts of near-surface 
olivine fractionation of a magma of this composition, and the 
formation of complementary olivine cumulates. 

In this study we have undertaken melting experiments on 
12008 at atmospheric pressure and under controlled oxygen fuga- 
city in order to evaluate the proposed crystal fractionaticn 
model with reference to the experimentally determined crystalli- 
zation sequence and temperatures, phase chemistry and liquid- 
line of descent. In particular, it was anticipated that crystal- 
lization studies would indicate whether the decrease in Ti02 and 
FeO observed in the more evolved members of the ilmenite basalt 
suite resulted from relatively early ilmenite fractionation or 
from filter pressing accompanying slow cooling (1,2). Experi- 
mental studies have been made previously on 12022 (3), another 
member of the ilmenite basalt group. However, this sample is 
more evolved than 12008, has cooled more slowly, and melt and 
mineral compositions with which to evaluate the fractionation 
model are not available. The experiments were conducted in a 
gas mixing furnace (4), and the oxygen fugacity controlled at 0.5 
log units below the iron-wustite buffer with an appropriate mix- 
ture of CO-C02. Samples were suspended on 4 mil Pt-wire loops 
( 5 ) ,  and iron-loss to the wire was kept within analytical error 
by pre-saturating the surface of the wire with iron. Two types 
of experiments were made. In one case, crystalline starting 
material was brought up to temperature and maintained there for 
3-48 hours before quenching. In the second case, the starting 
material was completely melted at 1320°C for 2 hours, and then 
dropped within seconds to a crystallization temperature, then 
maintained for 4-24 hours. The glass and mineral chemistry of 
the run products were determined and are summarized, together 
with the crystallization sequence and temperatures in Fig. 1. 
The numbers within the horizontal bars indicate 100Mg/(Mg+Fe) for 
the ferromagnesian minerals, and the 100Ca/(Ca+Na) value for 
plagioclase. The amount of crystallization is calculated from 
the Ti, A1 and Ca content of the glass relative to the all-liquid 
conposition at 1320°C. Olivine is the first phase to crystallize, 
followed by spinel (Al-Mg-Ti chromite), pyroxene and plagiocl.ase. 
The first formed olivine (F077) is more forsteritic than any ob- 
served in the ilmenite basalts ( 2 ) ,  implying that the bulk compo- 
sition of 12008 may result from about 3 percent olivine accumula- 
tion. Apart from this discrepancy, the range of olivine compo- 
sitions between 1275 and 1150°C is cormensurate wlth the varia- 
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tion in olivine composition (Fo68-72) required by the proposed 
fractionation model. The earliest formed spinels are identical 
in composition to the most refractory compositions found in the 
natural samples (2). Only minor compositional change occurs 
between 1200 and 1150°C, then the Al-Mg-Ti chromite is succeeded 
at 1125OC by Cr-ulvsspinel. There is no indication of the con- 
tinuous compositional trend observed in the ilmenite basalts. 
Pigeonite is the first pyroxene to crystallize, as in the experi- 
ments on 12022 (3), and other low-Ti basalts (6,7,8). This con- 
trasts with the natural samples, in which urgite is dominant in 
phenocryst cores (2). At slightly lower temperature urgite co- 
exists with sub-calcic urgite, as in the more slowly cooled il- 
menite basalts. 

With increasing crystallization (0-20%) between 1300 and 
1150°C, the melt increases in Al, Ca, Ti, Si, and Cr content and 
decreases in 5lg. Cr also decreases rapidly once spinel crystal- 
lization commences between 1200 and 1250°C. These trends are 
comparable with those observed for the least evolved of the 
ilmenite basalts, all of which are olivine normative, and the 
amount of fractionation is commensurate with that deduced from 
the natural samples (1). As a consequence of co-precipitation 
of olivine, Cr-ulvsspinel, pyroxene and plagioclase, crystalliza- 
tion is extremely rapid between 1150 and 1125OC, from about 20 
to 40 percent. This results in a marked increase in Ti, ac- 
companied by a decrease in both Ca and A1 (Fig. 2). The trend is 
analogous to that found for the Apollo 12 olivine-pigeonite 
basalts (7). It contrasts sharply with the decrease in Ti (ac- 
companied by Fe) seen in the most evolved, quartz normative, il- 
menite basalts. This decrease in Ti and Fe in the natural 
samples cannot readily be explained by fractionation of the early 
formed minerals. Consequently, we concur with the suggestion 
that it has occurred as a result of filter pressing of slowly 
cooled nagma. 
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Fig. 1. Crystallization sequence of Apollo 12 ilmenite basalt 
12008. 

Fig. 2. CaO-Ti02 variation for 12008 liquid-line of descent 
with respect to Apollo 12 ilmenite basalts. 
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