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REE PARTITION COEFFICIENTS FOR THE NAKHLA PARENT MELT. G. McKay 
(SN2, NASA-JSC, Houston, TX,77058) L. Le, and J. Wagstaff (Lockheed ESCO, 2400 NASA 
Rd. 1, Houston, TX 77058) 

As part of a collaborative investigation of the petrogenesis of Nakhla, we are measuring parti- 
tion coefficients for REE between clinopyroxene and melts resembling proposed Nakhla parent 
liquid compositions. This abstract reports our preliminary results. 

Introduction. Nakhla is one of the SNC meteorites, generally believed to be of martian ori- 
gin. It is a medium-grained augite-olivine cumulate with a variolitic groundmass of sodic pla- 
gioclase, alkali feldspar, and Fe-rich pyroxenes and olivine [e.g., 11. One of the major tasks in 
deciphering Nakhla's petrogenesis is determining the composition of its parent melt. Gaining an 
understanding of the composition and petrogenesis of this parent melt may help unravel Nakhla's 
relationship to the other SNCs, and provide clues to martian petrogenesis in general. 

One approach to determining parent melt composition is to invert the trace element abun- 
dances of cumulus minerals. In an earlier study, we applied this approach to Shergotty [2] with 
good results The success of this approach depends on accurate partition coefficients. For our 
Shergotty study, we used REE partition coefficients that we had previously measured for an 
analog Shergotty parent melt [3]. It is tempting to apply those D values to Nakhla, but partition 
coefficients depend on many factors, including phase composition. Although pyroxene compo- 
sitions of Nakhla and Shergotty are similar, the melt compositions may not be. 

Proposed Nakhlite parent melts have a wide 
range of compositions. Some of these are shown in 
Fig. 1. Most differ substantially from the Shergotty ,, 
melt we studied earlier (Sh, Fig. 1). For example, [or] 
two proposed parent compositions (N of Longhi 
and Pan [4] and CY of Harvey and McSween [5]*, 
Fig. 1) are much lower in Al than Sh, while Trei- 
man's compositions are much higher in Wo [l]. If 
the actual parent melt resembled any of these low- Fig'g. Rejection from O1 showing Our quenched 

melt compositions (NT,NL), the Shergotty analog A1 or high-Wo compositions, application of our melt for which we previously Dg, (Sh), earlier D values to Nakhla might yield erroneous ad proposed Nakhla parent melt compositions 
results. On the other hand, the NK3 composition [41, a ~ ~ 1 ,  NK3 [61, and Bl, C', and Dl & pen. 
proposed recently by Harvey and McSween 161 is wmm.]. Multiple s-on curves are from hnghi 
very similar to Sh, in which case our Shergotty a d  p a  ~41. wg compositions for our ex- 
partition coefficients are applicable. Until this issue periments are very similar to N and 0, but the 
is resolved, it is important to determine whether D quenched glasses are displaced towards Opx because 
values for these other melts differ significantly of a - 30% alkali loss during experimental runs. 
from the Shergotty values. 

To address this issue, and to help evaluate whether low- or high-Al parent compositions are 
more consistent with Nakhla mineral compositions, we are studying partitioning and phase rela- 
tions for two synthetic compositions, NL and NT, that are similar in composition to N and a re- 
spectively. Using these synthetic mixes as starting compositions, we measured REE partition 
coefficients between liquidus augitic pyroxene and coexisting melt. Charges were doped with 
0.5-1% REE oxide, placed on Pt wire loops, fused at 1300°C overnight in gas mixing (CO/C02) 
furnaces, quenched, and then placed back in the furnaces for four days at either 1200°C (NL) or 
1215 "C  (NT) at an fo, = QFM. Crystals and melts were analyzed for major and trace elements 
with the electron microprobe. 

Ex~erimental Results. Quenched charges contain glass and a few % sub-calcic augite. The 
latter occurs both as smaller (- 10-100 pm) anhedral crystals "heaped" in the bottom of the 
charge, and large (- .2-lmm) subhedral crystals, often sitting on top of the heap of smaller ones. 

* Elsewhere in this volume, Harvey & McSween [5] report a computational error that renders their composition a 
invalid. Unfortunately, we had already based one of our starting compositions on it (NT, Fig. 1). Nevertheless, 
comparison of results for this composition with those for our composition NL (similar to composition N, Fig. 1) 
may provide useful insights into effects of phase compositions on partition coefficients. 
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As in our earlier Shergotty experiments, the syn- 
0 2  

thetic NT augite crystals have nearly constant 
Fe/Mg but are zoned in Wo content. We have ob- 

B g 0.1 - 
served crystals ranging from Wo2,EnSs to 

0 

W O ~ ~ E G ~ .  A more limited set of analyses of NL 
augites suggests they are much more homogene- 3 
ous, with compositions clustering around a 

G W O ~ ~ E ~ ~ , .  AS with our Shergotty experiments, we 0.02 - 
see correlations between D values and Wo content a- 
for the NT experiments. These correlations are il- 0.01 : 
lustrated in (Fig. 2), where each point represents a/ 
the average of 10-30 analyses along individual - 0.005 I . I . I . I .  

020 022 024 0.26 0.28 0.30 100 pm traverses in large crystals. Most traverses 
were homogeneous within 1-2 mole% Wo, but Mole fr WO 

some, particularly the high-Wo traverses in Fig. 2, Fig.2. Variation of DBBB with WO for NT 
were continuous~y zoned over several % Wo. pyroxenes. We observed a similar correlation with 

To facilitate comparison with our Shergotty re- WO in the Shergotty system [3]. 
sults, we use the correlations in Fig. 2 to interpo- 
late D values for NT pyroxenes of Wo2g. This is 
the most Wo-rich composition for which we cur- 0.5 

rently have partitioning data for composition NT, 
and corresponds closely to the most Wo-poor core 0 2  

pyroxenes observed in Nakhla by Treiman [7]. Fig. , 
0.1 

3 compares the D pattern for this Wo2, pyroxene 5 
with a pattern from our Shergotty study interpo- a 0.05 

lated to Wo2g [3], and Eu and Gd values for the NL # 
composition (WO,,) with the Shergotty pattern ex- 0.02 

trapolated to Wod3. Other elements are currently 0.01 
being measured for composition NL. 

Discussion. Several points are clear from our 0.005 Lace ~d sm ELI ~d ~b LU 

experiments. First, it is apparent from Fig. 3 that 
the Shergotty partition coefficients are higher than Fig. 3. REE distribution coeffrcienei for clbopy- 
those for the Al-poor Nakhla starting compositions roxenes in the N w a  system, compared with DS for 
by factors of 2-4. Thus, if Nakhla cumulus augites pyroxenes of similar Wo in the Shergotty system 
formed from a low-A1 melt, use of the Shergotty D [3]. Values for Nakhla composition NT are interpo- 
values to invert the augite REE contents will yield laed to W029 Pyroxene, while values for NL are av- 
melt abundances that are several times too low. emes Of -30 On two crystals Of W043. 

Shergotty patterns were calculated using equations the Nakhla are b [3]. shergotty "dues are significanlly higher than more than lox lower than those which Nakamura those for Nakhla Values for Nakhla compos~t~om 
et al. calculated for Nakhla clinopyroxene [8]. NT and NL are quite similar, despite large differ- 

The second point concerns the validity of the ences in WO. 
proposed parent compositions. As noted above, 
Harvey & McSween [6] have recently disavowed composition a. Pyroxene compositions from 
our NT experiments also indicate problems with a as the Nalchla parent melt. Most NT py- 
roxenes have lower Wo content than any of the cumulus pyroxene cores that Treiman [7] found 
in Nakhla (as low as W020 VS. WO>~O). Hence NT is an unlikely parent melt for those cumulus py- 
roxenes. On the other hand, The single NL pyroxene that we have analyzed so far is slightly 
more calcic than the most calcic cumulus cores ( W O ~ ~  VS. WodO). It also has lower A1203 content 
(0.3 vs. 0.6-2 wt%). However, until we analyze more NL pyroxenes, we believe it is premature 
to speculate on whether these differences are significant. 
References: [I] Treiman (1986) GCA 50, 1061. [2] Lundberg et al. (1983) GCA 52,2147. [3] McKay et al. (1986) GCA 
50,927. [4] Longhi and Pan (1989) PLPSC 19,451. [5] Harvey and McSween (1991) Met. Soc. Abs., 85. [6] Harvey and 
McSween (1992) LPSC 23. [7] Treiman (1990) PLPSC 20,273. [8] Nakarnura et al. (1982) GCA 46,1555. 
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