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Introduction: Primitive achondrites exhibit near-chondritic 
bulk compositions and non-chondritic textures [1]. They are gen-
erally regarded as being either highly metamorphosed chondrites 
or partial melt residues and hence record conditions at the onset 
of asteroidal melting [1]. In attempting to understand early aster-
oid differentiation processes the composition of the precursor 
material remains an outstanding problem [2]. To investigate this 
issue we have undertaken a detailed oxygen isotope study of the 
primitive achondrites. Results from an earlier stage in this inves-
tigation have been reported previously [3]. 

Analytical techniques: Oxygen isotope analyses were per-
formed by infrared laser-assisted fluorination [4]. The following 
groups were included in this study: brachinites (n = 9), wi-
nonaites (n=16), acapulcoites and lodranites (n = 34), various 
related samples (n = 7). Since many of these meteorites have ex-
perienced significant weathering most of the samples studied 
have been leached using a solution of ethanolamine thioglycol-
late [5]. This treatment removes iron oxides, hydroxides and me-
tallic iron, but not silicate-bound iron. Replicate analyses were 
performed both before and after acid leaching treatment. 

Results: Untreated samples, when compared to those that 
have been acid leached, show much greater levels of oxygen iso-
tope variation, with major overlap between the brachinite and 
winonaite groups. These overlaps are clearly resolved in the acid 
leached samples and the level of δ18O variation in acapulcoites 
and lodranites is significantly reduced. However, the level of 
Δ17O variation displayed by acapulcoite and lodranite samples is 
largely unchanged by acid treatment and presumably reflects 
primary variation inherited from their chondritic precursors. 
Treated winonaite samples define a well-developed linear mass 
fractionation trend [3], whereas treated brachinite samples still 
show significant scatter, consistent with suggestions that they 
may not represent samples from a single parent body [1].  

Discussion: Even when the influence of weathering is largely 
removed primitive achondrites display much greater oxygen iso-
tope variation than differentiated groups. This variation is re-
flected in the 2σ error on the mean Δ17O values, which decreases 
in the order acapulcoites-lodranites > brachinites > winonaites. 
The presence of relict chondrules in a number of acapulcoites [1] 
and the significant levels of primary oxygen isotope variation 
displayed by both acapulcoites and lodranites suggests that this 
group is compositionally close to that of its precursor material. In 
view of the evidence for early onset of partial melting in primi-
tive achondrites [6], one outstanding question is why melting was 
not more extensive in these meteorites? 
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