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University, Canberra, A.C.T. 2600, Australia. 

The Nakhlites are a group of three achondritic meteorites, Nakhla, 
Lafayette: and Governador Valadares. They are pyroxenite cumulates that 
have no simple relation to chondrites, eucrites, or lunar rocks. The pur- 
pose of this abstract is to set constraints on the nature of the Nakhlite 
parent body. 
Oxidation state: Using the techniques outlined by Arculus and Delano (this 
volume), the intrinsic oxygen fugacity (f02) has been determined for Nakhla. 
The results of these experiments are shown in Figure 1 and listed in Table 
1. The line through the nine data points is log10f02 = 11.11 - (32160/T) 
with r = 0.9994. This line is nearly parallel to, but more reduced than, 
the wustite-magnetite (W-M) buffer. Extrapolation of our data to lower 
temperatures shows that Nakhla is about 3.6 loglo- units more reduced than 
the upper oxidation limit set by (1). The f02 that prevailed during cryst- 
allization of Nakhla was similar to that for a spinel derived from the 
Earth's upper mantle (Arculus and Delano, this volume) and for the Still- 
water Complex (2). In contrast, eucrites and mare basalts crystallized 
under conditions more reducing by 1.7 logl0- units (3). 

Although the abundances of Ir, 0s and Au (4,5) in Nakhlites indicate 
that these siderophile elements were strongly depleted (relative to carbon- 
aceous chondrites) in the source region of the Nakhlite parent body by some 
earlier differentiation event, the fact that Nakhla crystallized under an 
f02 about 4 loglo- units more oxidizing than Feo.gNi0.1 metal-saturation 
indicates that any differentiation event involving segregation of a metallic 
core would have to have been followed by an oxidation event. Alternatively, 
a sulfide-rich core is one possibility among several. 
Other Constraints: A crystallizatigg age of 1.3 AE has been established for 
the Nakhlites by Rb-Sr (6,7), 40~r- Ar (8,9),  Sm-Nd (lo), and U-Pb (10). 
If this marks the time of an authentic igneous episode on the Nakhlite 
parent body, rather than some random impact-melting event, then the parent 
body must have either been of considerable size (e.g. larger than the Moon) 
or been in some orbit where tidal stresses contributed significantly to its 
thermal evolution. A similar age for the Chassignites (11) is suggestive 
that they may be related to the Nakhlites (4). 

An additional aspect that makes the Nakhlites chemically distinctive 
with respect to most other meteoritic groups is their fractionated rare- 
earth element abundances (4,12,13). Following the approach of (14), the 
rare-earth, Ba and Sr abundances in the magma parental to the cumulate 
Nakhla have been estimated. The results shown in Figure 2 demonstrate that 
the magma had a strongly fractionated pattern implying that the source 
region had been the product of an earlier differentiation event. This 
fractionation pattern in Figure 2 is similar to that observed in some terr- 
estrial basalts (4,13). A comparable signature in the Chassignites suggests 
once again that they and the Nakhlites may be related (4). 

The similarity in K/U ratio between the Nakhlites and terrestrial 
basalts implies that the depletion of volatile K relative to refractory U 
was comparable in the Earth's upper mantle and the Nakhlite parent body. 

The oxygen isotopic composition of the Nakhlites is 6180 = + 4.6, 
6l70 = + 2.5 (15) compared to terrestrial and lunar values of + 5.5, + 2.7 
(16). This precludes the possibility of the Nakhlites having ever been 
part of the Earth or Moon. 
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Conclusions: (a) The oxidation state prevailing within the Nakhlite parent 
body was comparable to that of the Earth's upper mantle but was 2 1.7 
logl0- units more oxidizing than either the Moon or the eucritic parent 
body. 
(b) The magma, from which the cumulate Nakhlites were derived, came from a 
source region that was a product of an earlier differentiation event that 
caused strong fractionations of lithophile and siderophile elements. 
(c) If the 1.3 AE age for Nakhlites is the time of an igneous event (i .e. 
not impact melting), then the parent body must have either been larger than - 
the Moon or been in an orbit that subjected the parent body to strong tidal 
stresses. 
(d) The similarity in K/U ratio between the Nakhlites and terrestrial rocks 
suggests that the parent body had a depletion comparable to that of the 
Earth for those elements as volatile as potassium. Oxygen isotopes pre- 
clude, however, the Nakhlites from ever having been part of the Earth. 
(e) Similarities in crystallization age and trace element chemistry imply a 
relation between Nakhlites and Chassignites. Intrinsic oxygen fugacity 
measurements on a Chassignite would be an important test of this suspicion. 
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Table 1. Data points for intrinsic f02 of Nakhla. 

# T(K) (104/~) log10f02 
1 1324 7.5529 
2 1344 7.4405 
3 1334 7.4963 
4 1313 7.6161 
5 1294 7.7280 
6 1273 7.8555 
7 1250 8.0000 
8 1229 8.1367 
9 1263 7.9177 

Linear regression: log10f02 = + 
Precision: T = * ~ O K ;  log10f02 
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Figure  2. The i n e  de f in ing  t h e  i n t r i n s i c  £02 of Nakhla is  1ogfO2 = 11.11 - 
(32160/T) wi th  r = 0.9994. The number bes ide  each* d a t a  p o i n t  shows 
the  sequence of each determinat ion.  
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