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GEOCHEMISTRY OF 2-4 MM PARTICLES FROM 14161 AND IMPLICATIONS 
REGARDING COMPOSITIONAL SYSTEMATICS. B. L. Jolliff, L. A. Haskin, and R. L. Korotev, Dept. 
of Earth & Planetary Sciences and the McDonnell Center for the Space Sciences, Washington University, 
St. Louis, MO, 63130 

Introduction. The Apollo 14 sample collection includes a variety of lithologies with "evolved" 
compositions relative to the most abundant lunar crustal lithologies as sampled at other sites [I]. The suite 
as a whole is characterized by elevated concentrations of incompatible trace elements [e.g., 21. Many 
samples are polymict breccias whose textures reflect multi-impact histories [e.g., 31 commonly coupled with 
a range of thermal metamorphic effects. We have surveyed compositions by INAA of 281 2-4 mm soil 
particles from 14161, part of the bulk sample collected near the LM, to determine the distribution of 
lithologies present in the vicinity of the Apollo 14 landing site or which have contributed to this soil. 
Particles from this sample cover much of the range of compositions found among the Apollo 14 sample 
suite, although the distribution may be different from the suite as a whole, or from the distribution in 
samples from nearer Cone Crater [1,4]. The particles include impact melt rocks, breccias and glasses; 
fragmental microbreccias; regolith breccias; and about 25 potentially monomict, igneous fragments, based 
on preliminary binocular microscope identification. A more detailed breakdown of petrographic types is 
given in a companion abstract [q. Our objective is to determine from which igneous lithologies these 
particles derive, and what polymict and monomict materials are responsible for the compositional trends 
among Apollo 14 soils and polymict breccias. This requires detailed chemical and petrographic study ('just 
underway). Here, we report some observations and constraints on the genesis of these materials that stem 
mainly from the compositional systematics. 

Discussion. Despite petrographic and major element diversity, we fmd exceedingly tight correlations 
between pairs of incompatible trace elements (ITE), particularly the REE, Hf, Zr, Th, U, and Ta (e.g., La- 
Yb, fig. 1). Ba is not tightly correlated with other m s ,  which may reflect additions or separations of K- 
feldspar. Many particles contain conspicuous zircon and phosphate minerals; scatter on Hf-La diagrams is 
rare, indicating little separation between those minerals. ITE's do not correlate well with major elements 
or with ferromagnesian trace elements such Sc and Cr (e.g., Sc and La, Fig. 2), nor do these other elements 
correlate as well with each other as the ITE's do. 

To a first approximation, the tight correlations among the ITE's suggest that there was a single 
significant source for those elements. All other components of the particles, which cover a range of 
compositions for major elements, Sc, and Cr, would merely dilute this ITE-rich component. The ITE-rich 
component in this sense is not necessarily associated with a particular major element composition, but 
could represent a single set of very tightly constrained concentration ratios for those elements. In this 
approximation, the correlation lines for pairs of ITE's have slopes equal to those ratios. If this 
approximation were strictly true, the correlation lines would intersect the origin on diagrams such as 1. 

Some pairs of ITE's (e.g., La and Yb), while yielding correlation coefficients > .99 and having tightly 
constrained slopes (1-2% one-sigma uncertainties) have well constrained ordinate intercepts that lie several 
standard deviations above the origin. If we take these results at face value, at least two end members are 
required, one with higher ITE concentrations and lower Yb/La, and one with lower ITE concentrations 
and higher Yb/La. However, two end members by themselves cannot explain the compositions easily 
because concentrations for so many elements are not mutually correlated. More than two end members 
should destroy the correlations among the ITE's. 

This apparent dilemma can be overcome. The petrographic groups that give positive ordinate 
intercepts have dense concentrations of particles in the concentration range -60-100 p g/g for La. Particles 
within this range by themselves give the positive ordinate intercept for La and Yb. Thus, the ITE 
concentrations in the component with lower ITE concentrations need not be lower than, say, 40 p g/g. The 
tightness of the correlation and the lack of correlations among other elements can be explained by the 
following model. Let a series of mixtures form with variable proportions of nearly ITE-free components 
plus a single ITE-rich component, leading to a La-Yb correlation line that passes through the origin. These 
mixtures will have well correlated ITE concentrations, but uncorrelated major element concentrations, as 
discussed above. Then, add varying proportions of another component with [La] -40 pg/g  but a higher 
Yb/La than in the first. This will add only a small amount of scatter to ITE correlations, but will raise the 
slope of the line to produce a slightly positive ordinate intercept. Later addition of materials with low but 
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significant concentrations of ITE's will dilute the main mixtures in a manner that draws the points generally 
toward the origin, but to one side or the other of the main correlation line according to whether their 
Yb/La ratios are greater than or less than that of the slope of the line. This effect is evident in the igneous 
and glassy fragments with < 40 p g/g La in Fig. 1. 

Assuming the validity of this model the significance of the compositional relationships is that we see 
evidence for a limited number of discrete events. The first set of events is the production of the mixtures of 
a single ITE-rich material with a variety of other materials. Much of the scatter in major element and 
ferromagnesian trace element concentrations results from this set of events, which may have been a series 
of igneous events, a series of impact mixing events, or a combination. Evidence on the nature of these 
events is present in the major element scatter. Following these events was the addition of the second ITE- 
bearing component. This event was followed by more recent addition of igneous materials to the group of 
2-4 mm particles. 
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F i e  1. La vs Yb concentrations for 281 2-4 mm soil particles from 14161. The line is fitted by least 
squares regression based on 261 pairs after excludrng outliers. Abbreviations: Ih4Bx - impact melt breccia; 
Ign - igneous, monomict; Gls - glass; UIR - impact melt rock; MBx - fragmental microbreccia; RBx - 
regolith breccia. 
F i e  2. Sc vs. La concentrations for same data set as Fig. 1. 
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