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Pattern recognition techniques (1) have been applied to Apollo 17 mare 
basalt analytical data to investigate possible chemical classifications. 
The oxides or elements selected by the computer programs for group discrim- 
ination were: A1203, CaO, FeO, K20, MgO, and Ti02 in percent and La, Ce, 
Sm, Eu, and Dy in ppm. A total of 63 samples were used from the compu- 
terized lunar sample data base tapes compiled by Warner at the NASA Johnson 
Space Center. This data included eight duplicate and two triplicate 
analyses by independent investigators. 

Pattern recognition considers the analyses for each element as a 
separate dimension, thus giving eleven original dimensions (2). Three 
groups were found using a variety of independent techniques. Figure 1 shows 
a reduction of dimensions from eleven to two, choosing the two eigenvectors 
from the eleven dimensional space that preserved the most variance. This 
plot preserved 73% of the original information. The numbers on the figure 
are the last four digits of the NASA designated sample number. Three cat- 
egories separated by the heavy double lines, are shown, arbitrarily being 
designated as B1, B2, and B3. The multiple analyses for the samples, 
designated according to investigator, plot into the same categorys. This 
suggests good interlaboratory correlation. 

Other pattern recognition techniques were used to verify these results, 
and to make certain no critical information was lost in data reduction. 
Identical categories were shown by nonlinear mapping, a dimensional reduc-. 
tion technique which attempts to preserve the relative intersample distances 
from the eleven dimensions during reduction. Methods of investigating 
eleven dimensional data without reduction to two dimensional plots can also 
be used, but the graphical investigations of data give clearer visual rep- 
resentations. Hierarchical clustering ("Q mode clustering") produced a 
dendrogram showing the same three given categories. It also suggested the 
possibility of further subclassifications within groups B1 and B2 corre- 
sponding to the dotted line in Figure 1. A minimal spanning tree was 
produced which also showed these subcategories. 

The eleven elements were considered individually. The average ele- 
mental values obtained for each category are given in Table 1. It is also 
desireable to decide which elements are the most important in defining the 
categories. Table 2 lists the seven most important and the separating in- 
formation obtained from each. Eu data are shown to be three times more 
important than the second best, data for A1203, in providing separability 
information. Eu data makes the best separation of categories B2 from both 
B1 and B3. Al2O3, the second species on the list, does not necessarily 
give the second most amount of total information, but gives the most in- 
formation not shown by Eu, being useful in separating B1 from B3. 
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LauL et al., (3) had previously suggested what our groupings show: the 
rare earth elements were most important in their Apollo 17 basalt classifi- 
cations. Laul characterized his category number 1 (our B2) as having low 
potassium and rare earth values compared to category number 2 (our B1 and 
B3). Rhodes, -- et al., (4) also suggested three basalt types whose components 
were compatible with the ones in our categories. Pattern recognition has 
shown to be a useful additional tool to study this type of multielemental 
data. 
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TABLE 1. 

TYPICAL COMPOSITIONS FOR THE THREE DEFINED CATEGORIES 

CaO 11.85 10.48 10.41 
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TABLE 2. 

BEST ELEMENTS AND THE SEPARATING INFORMATION OBTAINED 

Element Weight Separating Information 

EU .482 B1 vs B2, B2 vs B3 

*z03 
.165 B1 vs B2, B1 vs B3 

La .055 no additional information 

Fe 0 .051 no additional information 

Ti02 .001 no additional information 

X = KARLOV I 

Figure 1. KARLOV plot with duplicate samples shown with an investigator 

designation. (R=Rhodes, W=Wanke, LF Laul & Schmitt). 
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