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It is widely accepted that similar geochemical behavior is an important 
factor controlling the geochemical coherency of elements (e.g.~/Rb, z~/H£ ,etc.) 
Partitioning of elements between solids and melt and between various solids dg 
pends on different factors including temperature, oxygen fugacity and diffu- 
sion rates. Only recently it became possible to measure the concentrations of 
trace elements in coexisting minerals of various mineral assemblages through 
application of the proton microprobe (1). This technique is capable of dis- 
closing the partitioning behavior of trace elements among coexisting phases in 
different assemblages formed by various genetic processes, i.e. a. primary 
partitioning and zoning behavior as fixed during  crystallization^ b . parti- 
tioning during subsolidus reduction (or oxidation) and equilibratizn processes, 
and c. partitioning during exsolution of a homogeneous phase into various pha- 
ses with different crystal structures. Measurements were carried out on indi- 
vidual grains in various assemblages in some Apollo 15 and Apollo 14 rocks 
using the Heidelberg Proton Microprobe. The analytical procedure is the same 
as outlined by Blank et a1.(2). Precession of the measurements was improved 
through application of Johannson's equation (3) taking into account the pene- 
tration depth of the proton beam (up to 40pm). Taking the slight inhomogeneity 
of the Zr-bearing ilmenite standard into account, the values obtained have a 
maximum uncertainty of 15%. 

The mineral pair ilmenite/spinel was investigated in Apollo 15 samples 
15065,93 and 15555,42. In the present investigations the distribution of trace 
elements in primary chromite and the neighboring ulvbspinel separated by a 
sharp boundary of the type I1 spinel trend of El Goresy et al. (4) was inve- 
stigated. This sharp boundary was formed by corrosion of Ti-rich outer zones 
of chromites by the basaltic liquid followed by precipitation of late stage 
zoned Cr-bearing ulv8spinel. Ilmenite in this assemblage was formed by subso- 
lidus reduction of the chromian ulvbspinel to ilmenite + Fe + chromite (in ul- 
vbspinel host). This assemblage may have stored information about the parti- 
tioning of trace elements due to 1. primary crystallization of chromite, 2. re 
sorption of Ti-rich zones of chromite, 3. crystallization of late stage Cr- 
ulvbspinel, and 4. subsolidus reduction and equilibration reactions. Of spe- 
cial interest is the zoning behavior of Zr and Nb in the Cr-ulvbspinel. Our 
results indicate that the concentration of Zr and Nb in primary chromite is 
very low (<5ppm). In contrast, Cr-ulvbspinel contains appreciable amounts of 
Zr (250-2000 ppm) and Nb (20-300 ppm). There is a clear cut zoning relation- 
ship of these elements as a function of the TAC-value of ulv8spinel: The 
higher the TAC-value in the zoned grains, the higher the Zr and Nb-concentra- 
tions. However, increase in the Nb-concentrations in the zoned Cr-ulv8spinel 
is steeper than that of Zr (Fig.la). This feature is well demonstrated in Fig. 
lb with the Zr/Nb ratio decreasing upon increase of the concentration in ulv5- 
spinel molecule. The highest Zr and Nb concentrations were found in ilmenite 
(8000ppm and 1500 ppm). This ilmenite formed by subsolidus reduction and equi- 
libration of Cr-ulv5spinel must have gained their high Zr- and Nb-concentra- 
tions by partitioning during the subsolidus reduction process. Diffusion of 
these two elements must have taken place from neighboring areas of the Cr-ul- 
vbspinel. This may explain the flattening in the slope of Zr and Nb concen- 
tration curves shown in Fig.la. Thus, the concentration of Zr and Nb in the 
late stage Cr-ulvbspinel must have been much higher before the subsolidus re- 
action took place. This first prominent increase in Zr in spinel starts at a 
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TAC-ratio of 0.15. This behavior was found in both studied samples thus docu- 
menting the zoning behavior and the repartitioning due to subsolidus reduc- 
tion reactions. 

Apollo 14 sample 14305,55 was selected because of the presence of Zr- 
rich phases like zircon and baddeleyite coexisting with opaque oxides in the 
groundmass. Two genetically different chromite types were encountered. 1. in- 
dividual chromite grains in the breccia groundmass (TAC-ratio 0.1-0.3) and 2. 
chromite formed by exsolution of ilrnenite (TAC-ratio 0.15-0.2). Despite the 
relatively high TAC-ratio of the primary chromite, its Zr and Nb concentra- 
tion is much lower (5-50ppm) than that of the exsolution chromite (1500 ppm 
Zr and 2000 ppm Nb). These values are also much higher than the values in the 
host ilmenite (500ppm Zr and 1500ppm Nb). This relationship is surprisingly 
in sharp contrast to the findings in Apollo 15 samples. Furthermore, Nb par- 
titions much stronger than Zr in favor of chromite rather than ilmenite.These 
features are well demonstrated in Fig.2. These findings are an ample evidence 
that the partitioning and fractionation of Zr and Nb among coexisting opaque 
oxides is mainly dependent on the formational process of the assemblage. The 
partitioning of these element pair as well as their fractionation could be 
reversed depending on the formational process of the host phases. 

References: (1 ) F. Bosch et a1. ( 1978), Science 199, 765 ; (2) H. Blank - 
et al. (1981), Lunar Planet.Sci. XII,89; (3) S. Johannson et a1.(1976),Nucl. 
1nstr.Meth. - 137, 473; (4) A. El Goresy et a1.(1976), Proc. Lunar Conf.7thY 
1261. 
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