
Hf, Zr, AM) REE PARTITION COEFFICIENTS BETWEEN ILMENITE AND LIQUID 
Y. Nakamura, N. Nakamura, H. Fujimaki and M. Tatsumoto, USGS, MS 963, Box 
25046, Federal Center, Denver, CO 80225; G. A. McKay, SN 4, NASA-HSC,Houston, 
TX 77058, and J. Wagstaff, Lockheed, 1830 NASA Rd. 1, Houston, TX 77258 

The importance of Lu-Hf abudances and Hf isotopes in petrogenetic studies 
of mare basalts has been acknowledged [1,2]. In this regard, partitioning 
data for Lu, Hf, and Zr in the same samples were necessary. We previously 
reported Hf, Zr, and REE partition coefficients between basaltic minerals and 
liquids and emphasized the important role of ilmenite in mare basalt genesis 
[3]. However, D(Hf) and D(Zr) of ilmenite determined using a kimberlite 
megacryst (1.8 and 3.0, respectively) were too large compared to D(Zr)=0.28 
determined by McCallum and Charette [4] under near lunar conditions. Thus we 
determined partition coefficients for Hf, Zr, and REE on the ilmenites syn- 
thesized by the JSC group under near lundar conditions 151. The coefficients 
obtained were D(Hf)=0.78-0.81, D(Zr)=0.79-0.85, and D(REE)=O.Ol-0.1. However, 
the JSC group subsequently found that the synthetic products contained signi- 
ficant amounts of armalcolite along with ilmenite. 

Ilmenite synthesis was repeated under lunar oxygen fugacity (fo2=-11.5) 
using a Pt wire loop method. A high-Ti mare basalt composition was doped 
with 750-1500 pprn Zr and 50-100 pprn Hf and REE. In this study the Pt wire 
was covered with Fe in order to prevent armalcolite formation. Details of 
the running conditions are reported elsewhere in this volume [ 6 ] .  The syn- 
thesized samples were crushed to finer than 40 pm and ilmenite (5-30 pm in 
diameter) was separated from glass by a Frantz isodynamic separator using an 
alcohol filled quartz chute. Ilmenite was further purified by repeated etch- 
ing of attached glass by 2N HF. Finally, ilmenite and glass were hand-picked 
under a petrographic microscope. We are confident that the ilmenite separ- 
ates from both the 50 pprn and 100 pprn doped samples were nearly 100% pure. 
The 100 pprn doped glass was also nearly 100% pure, but the 50 pprn doped glass 
contained specks of ilmenite which probably formed during quenching. Because 
of the difficult and laborious work of mineral separation, ilmenite sample 
sizes used for isotope dilution were limited to 900 pg. Therefore, in order 
to minimize effects of analytical blanks, REE concentrations in ilmenites 
were determined by a direct loading method [7]. 

The analytical results for 100 pprn doped material are presented in Table 
1, and shown in Fig. 1. The partition coefficients of REE between ilmenite 
and liquid are smaller than those estimated by Haskin and Korotev [8], but 
are compatible with those reported for kimberlite megacryst [3] and experi- 
mental analogs for mare basalts [9]. Zr and Hf partition coefficients (0.339 
and 0.409, respectively) are significantly smaller than those for the kimber- 
lite megacryst (3.0 and 1.8, respectively) but are similar to those obtained 
from mare basalt analog by McCallum and Charette (D(Zr) il/lq = 0.28) [4] and 
McCay and Wagstaff (D(Zr) il/lq = 0.37) [lo]. The Hf partition coefficient 
between ilmenite and liquid is still much larger than that of Lu. The D(Lu/ 
Hf) = 0.14 indicates an important role of ilmenite in Lu-Hf fractionation and 
Hf isotope variation among mare basalts. In our previous lunar evolution 
model we used D(Hf) il/lq = 1.8. Consequently, maximum of only 7% ilmenite 
could be estimated in mare basalt sources in order to account for reported Lu 
and Hf abundances in high-Ti mare basalts. In this model, the high Ti con- 
tents in mare basalts were attributed to non-modal melting of ilmenite in the 
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source region. Using newly determined Hf partition coefficients, the calcula- 
tions for the high-Ti basalt source can accommodate up to 29% ilmenite in the 
sources. However, in order to account for the large amount of Lu-Hf fraction- 
ation at the time of basalt formation, the calculated opx/cpx and total px/ol 
ratios in the source must also be adjusted. 

Table 1. Hf, Zr, and REE Concentrations and Distribution Coefficients 

Blank 1 I lmeni t e 2 Glass 3 D 
Element (ng) ( P P ~  ( P P ~  Ilmenite/Glass 

C e 0.0025 1.35 122 0.0110 
Nd 0.0011 0.87 120 0.0073 
Eu 0.0001 0.45 123 0.0037 
DY 0.0002 1.22 122 0.0100 
Lu 0.0001 6.95 124 0.0560 
Hf 1.4 63.8 156 0.409 
Zr 3.5 549 1620 0.339 

'values are by analyzing ilmenite. 'weights of analyzed ilmenite is 
.I89 mg for REE and 0.86 mg for Hf and Zr. 3weight of analyzed glass 
is 1.03 mg. 
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Fig. 1. Partition coefficient patterns of Hf, Zr, and REE between ilmenite 
and liquid. Symbols are (0) by Fujimaki et al. (1984a), ( 0 )  by Haskin and 
Korotev (1977), (*) by McCallum and Charette (1978), and ( 0 )  by McKay and 
Wagstaff (1984), ( 0 )  this study. 
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