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As a geochemical approach to determining the evolution of 
lunar crustal material from parental magmas we will focus on the 
trace elements in the residual liquids. We restrict our atten- 
tion to the phosphate phases in the residuum since they repre- 
sent definitive minerals which have been observed or can be in- 
fered from C1, F and P2O5 chemistry. The stoichiometry has been 
discussed previously (1). Most other trace elements are probably 
present in the residual glass or substitutionally in major or 
minor minerals. We shall also examine K in the light of deduc- 
tions based on Cl-~205 data. 

Three to five discreet C1-P205 groups with Cl/P2O5 ratios of 
0.003+0.001, 0.008+0.001, 0.022+0.05 and possibly 0.010 and 0.016 
have been reported-(2). These ratios are based on the total P2O5 
and the C1 (Cl,) residual after hot water leaching of the samples. 
In fact, the total C1, of which up to 80% may be water soluble, 
also yields a set of similar ratios but with somewhat greater 
scatter. For this to be so the rocks would have had to be closed 
to loss of C1,F and P205 during evolution of the residual liquid. 

The apatite compositions could be the result of a limited 
number of residual liquids. This may imply a restricted number 
of initial magmas. We will attempt to use the phosphates in the 
residuum to infer the relationships between complimentary members 
of a differentiation sequence. One basic assumption is that the 
residual liquid itself is not fractionated with respect to the 
relative abundance of the incompatible elements, but merely trap- 
ped in the differentiated crystalline masses (see below). Figure 
1 is the standard Fe0-A1203 plot coded with the Clr/P205 ratios 
of samples we have measured. The strongest suggestions of com- 
plementary groups of samples are the two areas with Clr/P205 of 
0.022; these represent a basaltic and an anorthositic component. 
The 0.008 ratio appears in clusters over the length of the dif- 
ferentiation sequence. The low ratio (~0.003) samples of FeO Q9, 
Al203Q19 may be the compliment for the 0.003 basaltic group. 
The possible sample associations are: 

Apollo 17 basaltic t "liquid I" 4 Apollo 16 Cayley 

Apollo 11 basalts "liquid 1 I " j  Apollo 16 Ray 

~~ollo*14,15,17 
KREEP, Front 

Apollo 12,15 basalts f-- "liquid 111" -4 (14310,65015 and 
Apollo 17 metaclastic 
rocks) . 

In the case of "liquid 11" there is a need to comment on why the 
Apollo 14 and the Apollo 15 and 17 Front samples contain so much 
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more residual liquid, as is evident from their high halogen, etc. 
contents, than Apollo 16 Ray samples (3). Possibly the basalt's 
parental material accumulated, the anorthositic crust solidified 
and, finally, the intermediate layer which corresponds to KREEP 
solidified. 

We have noted that even the total C1 is correlated with P2O5 
thus infering closed systems. Other incompatible elements will 
then be expected to be contained in such systems. K is one such 
element and is particularly interesting since our samples appear 
to fall into four distinct K20 groups: 

K20 - 0.063,0.086: Apollo 12,15,17 basalts; 16 Ray; 17 basaltic; 
Luna 16, 20. 

K20 - 0.15: Apollo 11,12 and 15, 17 Front soils; 16 Cayley, 
10047. 

K20 - 0.23: 72275, 72215, 72255, 73235, 15265, 15251, 15041, 
and 10017. 

K20 - 0.49: Apollo 14 soils; 12034, 15205. 

The groups represent an arithmetic sequence with a 0.075 base; a 
similar type of sequence applies to the C1/P205 ratios. To ac- 
count for the quantization of the K-Cl/P205 containing components 
separate sources rather than a mixing mechanism would seem to be 
indicated. 

The K-groupings cause overlap of Clr/P205 groups. Clearly, 
however, the associations are not random. The relationships 
between these elements may be expressed in a different way, Table 
1 and Figure 2. From "liquid I", K would partition between the 
basaltic (a) and anorthositic (b) cumulates in the ratio of 
0.084/0.13; Clr and P2O5 partition to the same extent and a con- 
stant Clr/P205 ratio is retained. Hence no fractionation of the 
residual liquid occurred relative to the concentration ratios of 
these elements. "Liquid 11" partitions K between possibly low 
K Apollo 11 basalt ( f )  and anorthositic (g) end members - and an 
intermediate sequence of basaltic samples (c,d,e) with a constant 
Clr/P205 ratio and a proportionate increase in K, C1, and P2O5 
contents. 

The picture presented is over-simplified. There is more 
structure in the Clr/P205 relationship, some samples have un- 
doubtedly been altered and sampling has not been adequate. Yet, 
a reasonably good attempt at correlating- sets and types of re- 
turned samples with primary magmas in a purely chemical manner 
on the basis of the residual liquids appears to be possible. 

(1) Reed, G. W., Jr., and Jovanovic, S. (1973) Geochim. Cosmo- 
chim. Acta 37, 1457-1462. (2) Jovanovic, s., and Reed, G. W., Jr. 
(1974) Proc. Lunar Sci. Conf. 5th, 1685-1701. (3) Jovanovic, S., 
and Reed, G. W., Jr. (1973) Proc. Lunar Sci. Conf. 4th, p. 1313- 
1324. Work performed under the auspices of USAEC and NASA. 
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Figure 1. Fe0-A1203 correla- 
tion of samples for which P2O5 
and non-leachable C1 are de- 
termined. Samples are grouped 
by their Clj-/P205 ratios . Re- 
lations among samples with the 

*same ratio suggest a possible 
common "parent magma". 

Figure 2. Relationships among 
various types of lunar samples 
-via their K20 concentrations 

m. 23 

- 
1.4 11 m 8 1 ~ 1 I -  

Table 1 .  Residual c1, p205 and x20 i n  .upla.  and Clr/P205 ratios; a,b,c,d, 
grouped by t h e i r  K ~ O  c o n t e n t  a. L Figure  2.. e,f,g, refer to compositions 

given in Table 1. Apollo 16 
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