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It is widely recognized that mare soils are more aluminous than the 
hand specimens of associated mare basalts recovered from a given landing 
site, and that the soils over the entire mare surface have similar aluminum 
contents. The excess alumina in these soils relative to the mare basalts is 
generally attributed to the presence of an exotic terra component or compo- 
nents. Chemical mixing models suggest that the mare soils may contain as 
much as 20-30 percent of these terra components (1,2,3,4). Such high 
proportions of exotic terra material in mare soils far removed from highland- 
mare boundaries is puzzling in view of the inefficiency of lateral, impact- 
related material transport mechanisms (4,5,6,7,8,9). Recently, Hubbard ( 9 )  
has proposed that the terra component in mare soils is much less than 
previous estimates suggest, and that a large proportion of the alurninous mare 
soils are, in fact, composed of comminuted indigenous aluminous mare basalts. 
This proposal has much in common with the model proposed by O'Hara et al. 
(10). If correct, this hypothesis implies vast volumes of aluminous mare 
basalts, rather than the few scattered samples identified to date (11,12,13), 
and has profound implications for our understanding of mare basalt petr.o.-,.l. 
genesis and the nature of the lunar interior. 

The Apollo 11 "soil" breccias provide an excellent opportunity to 
examine this hypothesis, since the breccias exhibit a range of compositions, 
the chemistry of the indigenous basalts is well known (15,19), and the land- 
ing site is far-removed from a highland-mare boundary. The data base for the 
Apollo 11 soils and breccias is of mixed quality: several samples lack any 
compositional data, and others, although analyzed for trace elements, lack 
complete major element analyses. Few have comprehensive major and trace 
element data measured on the same sub-sample. Consequently, we have analyzed 
eight breccias (10009,10063,10064,10074,10075,10082,10093,10094) and 
the contingency soil-sample (10010) for major and trace elements by XRF and 
INAA, and have determined major elements by XRF for an additional eight 
breccias (10019,10023,10048,10056,10059,10065,10070,10073). 

Sample 10056 differs from all other Apollo 11 breccias, and is 
indistinguishable on the basis of major and trace element chemistry from the 
type B1 mare basalts (Fig. 1,2). Unless this is a consequence of a sample 
mix-up which has persisted since the Apollo 11 mission (2), it implies that 
breccias that are isochemical with mare basalts can be produced, and gives 
further credance to Hubbard's hypothesis (9). The other breccias form a 
coherent compositional group increasing in FeO, Ti0 and magmaphile element 

2 content from the soil composition, and decreasing in A120 , CaO, Si02 
abundances and ~ g / ~ g  + Fe) and A1203/Ca0 ratios (Fig. 1,21. MgO, Co and Sr 
abundances, and magmaphile element ratios remain roughly constant. 

If the Apollo 11 breccias and soils are relicts of comminuted aluminous 
mare basalts as Hubbard suggests (9), then the chemical variations summarized 
above should reflect basalt characteristics and magmatic processes rather 
than those of mechanical mixing. The constancy of magmaphile element ratios 
in the soils and breccias (which are similar to the high-K mare basalts) are 
consistent with a magmatic origin, since most mare basalts have relatively 
constant ratios, which may be diagnostic for a particular basalt type 
(12,14,15). Mixtures of dissimilar mare and terra components might be 
expected to exhibit variable ratios. On the'other hand, most aluminous mare 
basalts described to date have Sm/Eu 1 6  (13,16,17), whereas the Apollo 11 
breccias and soils have high values (=8) comparable with those of the 
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associated basalts. The A1 0 /CaO ratio, which is commonly constant for a 
particular mare basalt type: !s highly variable in the soils and breccias 
(Fig. 1). This variation, together with the other compnsitional changes* 
could be a consequence of crystal fractionation, rather than mechanical mix- 
ing. Thus, starting with a melt compositionally equivalent to the soils 
about 19 percent crystal fractionation, dominated by the removal of plagio- 
clase (-13%) together with minor clinopyroxene, ilmenite and olivine, will 
produce the observed trends (Fig. 1). 

There are several problems with this interpretation. a) Although 
magmaphile element abundances increase as might be expected (e.g. K, Rb, La, 
Ce, Y), the increase is generally more than can be expected from 19 percent 
fractionation. Estimates of the amount of fractionation based on magmaphile 
element abundances vary between 21 and 30 percent, depending on the element. 
b) Sr, which should decrease with increasing plagioclase-dominated fractiona- 
tion remains essentially constant within the breccias, and the Sm/Eu ratio 
increases more than it should. c) Melting experiments at 1 atm. on 10084 
(18) confirm that plagioclase is the major liquidus phase as the model 
requires. However, because the melt becomes multiply-saturated within a 
narrow temperature interval, it seems unlikely that plagioclase removal 
would so completely dominate the fractionation process. d) Perhaps the 
major obstacle to accepting the Apollo 11 breccias and soils as comminuted 
aluminous mare basalts is the fact that compositional trends project 
towards the high-K mare basalt composition (Fig. 1,2). This is highly 
circumstantial if the breccias reflect aluminous mare basalts, but is to 
be expected if they are mixtures of high-K basalt and some other component 
or components. 

Previous attempts to decipher the mixing history of the Apollo 11 
breccias and soils have resulted in multi-component models in which an 
anorthositic component together with an additional but unidentified exotic 
terra component are added in varying proportions to mixtures of high-and 
low-K mare basalt (1,2,3,4). Our data show quite clearly that as the 
basaltic component in the breccias increase, the trend is towardsthe high-K 
basalt composition, not towards some composition intermediate between high- 
and low-K basalts. From this, we infer that the high-K basalts are the 
dominant basaltic component in the soil and breccias, and that the high-K 
basalts are the uppermost mare basalt unit. This last conclusion has been 
reached by Beaty and Albee (19,20) following other lines of evidence. 
Examination of Fig. 1 reveals a well-developed correlation between 
A1 0 and CaO. This and other linear trends are an unlikely consequence of 
mufti-component mixing, suggesting instead two-component mixtures. However, 
there is no single terra component with a composition appropriate for such 
a mixture (1,2,3) . The simplest solution is to assume that the soils are 
the aluminous end-component, and that the breccias result from impact mixing 
of soil with freshly comminuted surficial high-K basalt. Although this 
explanation provides a satisfactory and consistent solution for the 
compositional variations in the breccias, the question of the nature of the 
aluminous component in the soil end-member is left unsolved. 
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