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The good positive correlations between elements of diverse geochemical 
character for the Apollo 14-17 highlands samples are shown in Figure 1. These 
correlations allow extrapolation from the orbital gamma ray values for thorium 
to obtain abundances for most other trace elements at any given highland site. 
Extrapolation from the orbital XRF Al/Si and Si/~g ratios, using interelement 
correlations allow a complete element abundance pattern to be built up. 

An average highland composition, based on data from Table 1 and earlier 
results (1) is given in Table 1, Col. 1. (Al/Si = 0.60, and Th = 1.8 ppm). 
The element abundances in the highland breccias can be represented by a four 
component system, with end members of (1) Anorthosite (An) (2) Anorthositic 
gabbro or Highland basalt (HB) (3) High-A1 basalt or low-K Fra Mauro basalt 
(LKFM) (4) Norite, KREEP Basalt or Medium K Fra Mauro basalt (MKFM). Gabbro- 
ic anorthosite, spinel troctolite, and High-K Fra Mauro basalt do not appear 
as abundant constituents. 

The average highland composition proposed from the orbital data, when 
tested against these components in a mixing model is equivalent to 70% anor- 
thositic gabbro (Highland basalt) and 30% High-A1 basalt or low K Fra Mauro 
basalt. These two constituents appear to be the most important components of 
the highlands crust. Their normative mineralogy is dominated by plagioclase 
(70 and 53% respectively), orthopyroxene (20 and 30%) and olivine (9 and 10%). 
LKFM has 9% clinopyroxene (2). 

The rare earth data is shown in Figure 2. Note that the average highland 
composition does not have a significant Eu anomaly. The trace element abun- 
dances do not allow a simple relationship between the various major composi- 
tions by fractional crystallization models involving addition or removal of 
major mineral phases. The highland compositions contain a number of seemingly 
incompatible geochemical features. These include high Cr and Mg, indicating 
an unfractionated component, high Ca and A1 indicating plagioclase separation, 
and a third group of incompatible trace elements K, Rb, Be, Zr, REE, U, Th, 
Nb which are not readily accommodated in plagioclase, olivine or orthopyroxene 
lattice sites. The high concentrations (50-100X chondrites) indicate exten- 
sive fractionation or concentration by condensation processes. 

The orbital XRF and gamma ray data show many variations across the high- 
lands (3). These do not correlate with geological units such as the Cayley 
Formation (4). Evidently the intense early cratering did not homogenize the 
highland crust, and thus lateral transport of ejecta on a scale of a few 
hundred kilometers is not an efficient process. On this interpretation, Al/~i 
ratios represent initial crustal heterogeneity. A model to account for the 
geochemical characteristics of the highland crust, which contains such diverse 
geochemical features as high Mg, Cr, Al, Ca, Eu and KREEP components is pre- 
sented in this volume (5). 
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