
PETROGENESIS OF APOLLO 11 MARE BASALTS: NEW CHEMICAL 
DATA OF 30 BASALTIC FRAGMENTS FROPI CORES 10004 and 10005. M.-S. 
Ma and R.A. Schmitt, Department of Chemistry and the Radiation 
Center, Oregon State University, Corvallis, OR 97331. 

In continuation of our geochemical study regarding Apollo 11 
mare basalt petrogenesis (1,2), we have analyzed 30 more small ba- 
saltic fragments (1-19 mg) obtained from Apollo 11 cores 10004 
and 10005. The chemical compositions of these samples are listed 
in Table 1 and their petrology is reported by Beaty -- et al., (3). 
Because the chemical compositions (e.g., La and K20 abundance~) 
of many newly studied samples are outside the previously defined 
fields of various types of Apollo 11 basalts (Figure 1) (2,4), 
classification of these basalts (2 B1 types, 1 possible B1 type, 
6 B2 types, 11 B3 types, and 10 A types) are preliminary based 
upon their overall chemical similarities, with some exceptions, 
to the previously defined basaltic types. It was expected that 
these would extend and fill the gaps of the fields defined by the 
various types of Apollo 11 basalts (2,4) because of the addition- 
al samples and the possible sampling problems associated with 
small samples. 

B1 Sasalts: From La and K20 abundances, samples 10005,202 
and 10004,215 are classified as R1 basalts (Figure 1). Their 
major element abundances are similar to those of B1 basalts (5-81, 
except that 10005,202 has lower Ti02 (9.1 vs 10.120.1.3) and FeO 
(17.3 vs 19.4+0.9%) and 10004,215 has lower (9.2 vs 10.6+ 
0.6%) abundances relative to the average of these elements in B1 
basalts (5-8). The REE abundances and patterns of 10005,202 and 
10004,215 are also similar to those of B1 basalts; namelv, aver- 
ages of the La abundances and La/Sm, Sm/Eu, and Sm/Yb ratios of 
these two basalts are 10.720.2 ppm, 0.7220.10, 6.4c0.3, and 1.15 
20.13, respectively, which agree with those of three previously 
studied B1 basalts of 10.720.7 ppm, 0.60+0.06, 6.820.3, and 1.10 
k0.09, respectively (5-8) . 

From a La-K20 correlation diagram (Figure l), basalt 10004, 
217, which weighs 1.6 mg, could be classified as B1 basalt. How- 
ever, it has quite different major, minor, and trace element abun- 
dances than those of B1 basalts, namely, its high A1203 (14.4 vs 
10.6+0.6%) and Na20 (0.64 vs 0.4320.06%) and low MgO (3 vs 6+1%), 
Sc (66 vs 95215 ppm) and V (29 vs 57k20 ppm) (6-8). Basalt lOOO$ 
217 has similar La/Sm (0.72) and Sm/Eu (6.2) ratios but a higher 
Srn/Yb (1.36) ratio compared to those of B1 basalts. The high 
A1203 abundance and low CaO/A1203 ratio (0.76) of 10004,217 in- 
dicate it represents a member of the feldspathic basaltic family 
(e.g., 9,lO). Petrographic information is necessary for further 
interpretation of the chemistry of this small sample. 

B2 basalts: From the La-K20 correlation diagram (Figure l), 
six samples are preliminarily classified as B2 basalts (1,2,5,6). 
These samples show large variations in their major and minor ele- 
ment abundances, but small variations in their REE patterns which 
are similar to those of B2 basalts (La/Sm = 1.10c0.10 vs 1.08k0.02 
Sm/Eu = 7.721.5 vs 7.6k1.0, and Sm/Yb = 1.2420.08 vs 1.2820.20). 
Their average Ti02 abundance is lower (8.3c1.0 vs 10.3k1.2) and 
the average A1203abundance is higher (12.520.7 vs 11.0c0.6%) (ex- 
cluding 10005,203) relative to B2 basalts. The major element 
abundances of samples 10004,207 and 10005,203, which have low La 
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and K20 abundances, show large deviations from those of the aver- 
age B2 basalts; namely, 10004,207 has low FeO (17.7%) and sample 
10005,203 has considerably lower A1203 (8.5%) but higher FeO 
(22.3%) and MgO (10%) abundances. The diverse major element abun- 
dances but comparable REE patterns could be indicative of sampling 
problems. Samples 10004,204 and 10004,208 which filled the gap 
between types B2 and D basalts in the La-K20 correlation diagram 
(Figure 1) also have intermediate Hf abundances (13.3 and 10.9 
ppm, res~ectively) and Sm/Eu ratios (9.5 and 9.0, respectively). 
This continued fractionation trend of incompatible trace elements 
from types B2 to type D basalts strongly support the genetic re- 
lationship between these two basaltic types which we have pro- 
posed earlier (2). From these observations, we have concluded 
that: (a) the La-Sm/Eu correlation of B2-D basalts suggest the 
presence of plagioclase in the residual source materials for sam- 
ples 10004,204, 10004,208 and type D basalts; (b) samples 10004, 
204 and 10004,208 were derived by larger and smaller degrees of 
partial melting relative to those for type D and other type B2 ba- 
salts, respectively; (c) source heterogeneity with respect to 
ilmenite contents is likely for these basalts because of their 
variable Ti02 abundances; and (d) the La-K20 correlation suggests 
that the source material for 32-D basalts has higher La/K20 ratios 
than any other lunar mare basalts. 

B3 basalts: The additional eleven B3 basalts have slightly 
extended the previously defined La-R20 field (Figure 1). The 
average La/Sm (0.82k0.15) , Sm/Eu (5.3k0.7) , and Srn/Yb (1.09fC). 07) 
ratios of these basalts are similar to those observed for other 
53 basalts (La/Sm = 0.77k0.10, Sm/Eu = 5.9+0.5, and Sm/Yb = 1.082 
0.10). Statistically, the B3 basalts are the dominant low K ba- 
saltic type at the Apollo 11 landing site. The additional new 
data of B3 basalts support our previous conclusion (2) that the 
B3 basalts and B1 basalts are not likely related by different de- 
grees of partial melting of a similar source material. 

A basalts: The La-K20 field for high-I( basalts is slightly 
extended with the addition of ten recently studied fraqments 
(Figure 1). The La/Sm and Sm/Eu ratios in these ten fragments of 
1.24+0.05 and 9.520.7, respectively, agree well with ratios of 
1.2720.06 and 9.4k0.6, respectively, in the previously analyzed 
Apollo 11 high-K fragments. In addition to the distinct Cr203-V 
correlation trends for Apollo low-K and high-K basalts ( 2 ) ,  we 
have also found that the average FeO/MnO ratio in the high-X ba- 
salts is appreciably higher (89k8) thah the average ratio found 
in the low-K basalts (77+6) (this work and (2)). This is anoth- 
er indication that different source materials were partially 
melted to yield the two main groups of Apollo 11 mare basalts. 
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