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Differentiation of the lunar crust by crystal fractionation from a moon-wide magma body has been a theme 
central to models of lunar evolution in the last decade. Earlier differentiation models were relatively simple but, 
as more data became available, more complex and imaginative hypotheses were developed: "Magma ocean 
petrogenesis" was born (e.g., I and 2). Ideas became more involved with the recognition of two distinct populations 
within the pristine, ANT suite samples based on the, now familiar, An versus mq plot (3): the ferroan anorthosites 
and the Mg-rich trend. To a large extent, the recent highlands initiative has been directed towards delineating the 
composition of the early lunar crust and, hence, furthering our understanding of its formation and subsequent 
evolution. Predictably, the apparent complexities are the subject of considerable debate (e.g., 4). 

The Apollo 16 and 17 and, to a lesser extent, the Apollo 15 samples have formed the main data bose for the 
highland studies; research has centred on rocks, as well as clasts within breccias, composed of coarse-grained ANT 
lithologies. With the exception of the early studies (e.g., 5 and 6) and a few more recent contributions (7-10) there 
has been a relative neglect of the Apollo 14 samples. These studies have been concerned primarily with elucidating 
the KREEP component or EMP studies on the abundant monomineralic clasts. In an attempt to rectify this 
apparent oversight, we have initiated a detailed petrographic and EMP study of polyminer'olic clasts o f  ANT 
affinities from a representative selection of Apollo 14 samples. The aims of these studies are threefold: (a) to 
provide an extension of the data-base o f  crustal components; (b) to enable a comparison of apollo 14 crustal 
material with that fram other highland sites; and (c) to provide a better assessment of the homogeneity of the early 
lunar crust. 

The western sampling sites may possess discrete chemical characteristics on the basis of pristine sample 
compositions ( I  I); furthermore, the Fra Mauro region is anomalous in its abundance of KREEP components. 
Herein, we describe a potentially significant mineralogical trend emerging fram both our preliminary investigations 
and data gleaned fram the literature (7-10). This trend corroborates the lithological heterogeneities within the 
crust of this region. 

Mean values for mg in olivine or Ca-poor pyroxene versus An in coexisting plagioclase within the Apollo 14 
polymineralic clasts have been plotted for all the dato available in Fig. I. A population plot within the Mg-rich 
pristine trend; these are mainly tractolitic or naritic lithologies. However, a more evolved population plot between 
the extension of the Fe-rich portion of the Mg-rich suite and the ferroan anorthosite trend defined by the pristine 
samples (3); these are mainly gobbroic, containing olivine and/or ilmenite and occasional zircon. Compositions of 
xenocrysts from many Apollo 14 breccias (e.g., 7), although possessing a wider range of compositional variance, 
have means which cluster between mq 0.554.75 (01 and opx) and An 85-95 (plag) suggesting that, indeed, there is a 
real population of rock compositions in this range. 

A "petrographically pristine", caarse-grained, polymineralic clast (fig. 2), has been discovered in probe- 
mount 14305, 92 that appears to be fairly typical of the evolved population, as a whole. This 1.1 x 0.6 cm clast 
consists of euhedral, cumulus olivine (39.7 modal%) and euhedral-subhedral spinel (2.5%), poikilitically enclosed by 
Capoor (28.8%) and Ca-rich (9.8%) pyroxene, plagioclase (15.2%), and ilmenite (4.2%). Traces of native FeNi and 

troilite are also present. The clast is unusual in 

100 I I I 
- that is possesses only minimal cataclastic 

deformation; shock effects are present as shadowy 
APOHO 14 F i g .  1 .  extinction in plog and pyroxene and thin ( < 3 u m) 

Lithic c lasts sm- lamel lae  in ilmenite. Subsolidus exsolution 
is evident within the spinels and pyroxenes; the 
former contain lamellae and segregations of 
ilmenite and the latter thin ( < 3 um) larnellae of * l i terature coexisting pyroxene. 
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Chemically, individual mineral grains are 
homogeneous on a sub-mm scale, although 
compositional variance is present within the clast 
as a whole. Olivine is Fo 62-72, and plagioclase An 
82-92 (fig. I and 30). The pyroxenes range from 
Wo38 En45 to WolO En65 (fig. 3a). The Ca-rich 
pyroxene contains up to 2.72 wt% A1203, T i 0  up 
to 2.21 wt%, and Cr203 up to 0.75 wt%; ~ i : i l  is 
constant in all pyroxenes at 1:2 (fig.3~). 
The spinels form a continuum of compositions 
within the chromite-ulvospinelss (fig. 3b). llmenite 
contains 5.3-7.4 wt% MgO. Native FeNi contains 
0.9-1.5 wt% Co and 4-1 1 &t% Ni. 

It is important to attempt to establish an 
origin for this clast, as potentially it would appear 
to be pristine. Mineralogically, i t  is evolved when 
compared to typical Mg-rich ANT suite lithologies, 
and the plag is too sodic for it to be a ferroon 
anorthosite sensu strico. Furthermore, the 
relatively abundant spinel, the lack of coarse 
exsolution lamellae in the pyroxenes, and the 
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heterogeneities heretofore unqparent at 
the Apollo 14 site. Is Fro Mauro a sea 
within the magma ocean? 
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