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Heating of planetary bodies will ultimately lead to the formation of partial melts which are enriched in 
incompatible elements (i. e., elements that are not accepted by the major minerals of the planet). These melts will 
rise to the surface of the planet and form a crust high in incompatible elements. A similar result will be obtained by 
complete melting and subsequent crystallization with incompatible trace elements enriched in the residual melt. 
The extent of the redistribution of these elements depends on the composition a@ mineralogy of the interior of the 
planet, the volume of melt involved and the degree of partial melting or fractional crystallization. Refractory 
incompatible elements are most useful since their initial relative abundances can be assumed chondritic, although 
the absolute abundance level may be uncertain (1). The relative abundances of incompatible elements in the 
planetary crust provide information on the chemistry and mineralogy of the interior. Volatile incompatible 
elements, such as K or Cs whose bulk abundances are not well known may be fitted into the sequence of 
incompatible elements, thus allowing to estimate their abundances in the bulk planet (at least relative to the 
refractory elements). The most famous example being the K-U correlation (2). Similarly, incompatible elements 
with siderophile tendencies, such as W, Mo or P provide information on the core formation process. A comparison 
of incompatible element patterns characteristic of various planetary bodies allows to study the composition and 
early differentiation history of planets. 
The eucrite parent body (EPB) is the easiest case. Eucrites are partial melts or residues of fractional 
crystallization of a small planet, possibly Vesta (e.g., ref. 3). Incompatible refractory element abundances of 
selected eucrites are shown in Fig. 1 (data MPI, Mainz). While the Juvinas type eucrites have flat CI-normalized 
patterns reflecting only separation of olivine show others more fractionation among the incompatible elements. 
The arrangement of elements in Fig. 1 is essentially according to enrichment factors in Bouvante the most 
fractionated eucrite. The resulting element-sequence is, to a first approximation, a reflection of pyroxene/melt 
partition coefficients (4,5, 6), as indicated in Fig. 2. Ta and Nb are the most incompatible elements. Th, U, Zr and 
Hf plot within the light REE. Sr and Eu are retained in plagioclase in the interior of the EPB explaining their low 
degree of enrichment. 
Quite a different picture is found for the Earth and the Moon. The pattern of the Earth's continental crust, 
according to (7) is shown in Fig. 3. The highest enrichment factors are found for Th and U. The elements Nb, Ta, 
and Zr, Hf are much less incompatible than in the EPB. A similar pattern is found for the Moon, where KREEP is 
considered to contain incompatible trace elements from the crystallization of a magma ocean. The major difference 
to the terrestrial pattern is a deep Eu and Sr anomaly reflecting the presence of plagioclase in the lunar interior and 
the absence in the terrestrial mantle (Fig. 3). The comparatively low content of Ti in KREEP-rocks has been 
explained by separation of Ti-oxides from KREEP-rich melts (8). The Ti-minerals accept, to some extent, the 
group IV and V incompatible elements Nb, Ta, Zr and Hf. Separation of ilmenite would therefore also partly 
remove these elements from KREEP-magmas. The high contents of Ti, Ta and Nb in some mare basalts may be 
explained by remelting of Ti-bearing cumulates which would then have incorporated Ta and Zr to a larger extent 
than the heavy REE (9). Ilmenitelmelt partition coefficients in Fig. 2 are compared to the KREEP pattern and it is 
clear that ilmenite removal could, at least in qualitative sense, explain the lower enrichment factors for group IV 
and V elements in the KREEP sequence. 
The similarity of the terrestrial with the lunar pattern is surprising and might indicate a similar removal of Ti- 
bearing minerals during the initial melting of the Earth. The subchondritic Nb/U ratio in the terrestrial continental 
crust and the super-chondritic ratio in present day mantle derived magmas (10) may reflect retention of Ti-phases 
in the mantle during formation of the early crust of the Earth. Another possibility would be separation of Ti-rich 
phases from residual liquids formed by fractional crystallization of a terrestrial magma ocean, analogue to the 
formation of KREEP as repeatedly suggested by Anderson (11). 
A more complicated case is the Shergotty parent body (SPB). The low absolute enrichment factors may indicate 
a less differentiated planet (see Fig. 3, data, MPI). The patterns of Shergotty (partial melts) and Chassigny (olivine 
cumulate) are complementary with respect to the group IV and V elements. Shergotty and the other shergottites 
(not shown here) lack the depletion of Nb, Ta and Zr, Hf that is characteristic for the lunar and terrestrial pattern. If 
shergottites are representative of partial melts from the interior of the SPB they would indicate a similar source 
region as the eucrites. A difference to the EPB pattern is the absence of Eu and Sr anomalies in the SPB pattern. 
This may indicate a larger parent body (Mars) for the SNC-meteorites. 
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