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Introduction:  Large-scale melting of asteroids and 

planetesimals is now known to have taken place ex-

tremely early in solar system history [1]. The first-

generation bodies produced by this process would have 

been subject to rapid collisional reprocessing, leading 

in most cases to fragmentation and/or accretion into 

larger-sized bodies [2]. Achondritic meteorites provide 

a unique source of information about the nature of 

these early events. However, the fragmentary character 

of this record makes it difficult to interpret. High-

precision oxygen isotope analysis has proved to be an 

important technique in understanding the relationship 

between the different groups of achondrites [3, 4].  

Here we present new oxygen isotope evidence con-

cerning the role of large-scale melting and subsequent 

impact mixing in the evolution of three important 

achondrite groups: the main-group pallasites, meso-

siderites and HEDs.  

Methods: Oxygen isotope analysis was performed 

by infrared laser-assisted fluorination [5]. All analyses 

were obtained on whole rock samples (0.5-2 mg), 

which were either untreated or leached in EATG to 

remove weathering products [6]. A minimum of two 

replicates were analyzed for most samples. Analytical 

precision (1σ) is approximately: ±0.040‰ for δ
17

O; 

±0.080‰ for δ
18

O; ±0.024‰ for 
17

O [5]. 
17

O values 

have been calculated using a linearized format [7].  

Pallasites: We have undertaken further analysis of  

main-group pallasites. A total of 24 samples (103 rep-

licates), which incorporated our previous results [4] 

(12 samples, 37 replicates), gave a mean 
17

O value 

for the group of  -0.187±0.016‰ (2).These results 

indicate that main-group pallasites form a single popu-

lation (Fig. 1)  and hence appear to be samples from a 

unique and distinct source [4]. The high level of oxy-

gen isotope homogenization within this group indicates 

that their parent body underwent large-scale melting. 

Pallasites are believed to represent impact-generated 

mixtures of core metal and mantle-derived olivines [8]. 

The melting process that resulted in oxygen isotope 

homogenization is likely to have predated this major 

impact event, which possibly resulted in catastrophic 

disruption of the parent asteroid [2, 8].  

Olivine-rich clasts in mesosiderites: Coarse-

grained olivine-rich clasts, although relatively rare, 

have been described from a number of  mesosiderites, 

notably: Vaca Muerta [9], Lamont [10] and Mt. Pad-

bury [11]. Typically these contain coarse-grained, 

brecciated, relatively unzoned olivines, with a compo-

sition close to Fo90 (Fig 2). In view of their textural and 

compositional similarity to pallasitic olivines, one pos-

sibility is that they represent projectile material and so 

are not co-genetic with the other silicate-rich clasts. To 

examine their origin we have analyzed the oxygen iso-

tope composition of material from five of these clasts 

(Fig. 3). All except one (Pad-M), plot close to the av-

erage 
17

O value for the mesosiderites and have low 


18

O values typical of olivine. Clast Pad-M plots close 

to the average mesosiderite 
17

O value, but has a sig-

nificantly higher 
18

O value, suggesting that it may 

contain a significantly higher content of pyroxene 

and/or plagioclase than the other clasts. The oxygen 

isotope composition of the olivine-rich clasts rules out 

a projectile origin for these objects.  

Diogenites: As they are coarse-grained cumulates 

that crystallized at deeper levels than the eucrites, di-

ogenites are the best choice of lithology to investigate 

the intrinsic oxygen isotope heterogeneity present in 

the HED parent body. Consequently, we have analyzed 

a suite of 24 distinct diogenite samples, covering the 

full compositional range [12]. All samples studied were 

washed in EATG to remove weathering products. The 

results of these analyses show an extremely narrow 

range of 
17

O values with an average value for the full 

sample of suite of -0.245±0.012‰ (2). This is com-

parable to the average 
17

O values for the HEDs ob-

tained previously [3, 13]. Despite significant overlap 

between the sample suites studied, we see no evidence 

for a bimodal distribution within the diogenites as pro-

posed by [14]. 

Anomalous eucrites:  A relatively small number of 

eucrites (n = ~ 8) have oxygen isotope compositions 
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that differ significantly from the average HED 
17

O 

value [13]. We have recently identified a further exam-

ple: Emmaville, which has a 
17

O value of -0.137‰ 

There are three possible origins for these meteorites: 

(1) the HED parent body is relatively heterogeneous, 

(2) they are from a distinct asteroidal sources, or (3) 

they were formed by impact processes. In view of the 

extremely homogeneous composition of the diogenites 

the first possibility seems unlikely. In a number of cas-

es there is clear evidence in favour of a distinct aster-

oidal source for the anomalous eucrites i.e. NWA 011, 

Ibitira, A-881394 [13]. However, the evidence from 

the breccia JaH 556 suggests that it is possible to pro-

duce anomalous oxygen isotope compositions by im-

pact processes on the HED parent body [15]. In addi-

tion, the relative paucity of asteroids with spectra char-

acteristics similar to the HEDs argues against a large 

number of distinct sources for these meteorites.    
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Fig. 1 Oxygen isotope composition of main group pallasites 

compared to HEDs. Shaded zone: 2 variation on group 

mean values. Error bars: 2 of replicates. Samples. 

 
Fig.2 Vaca Muerta olivine-rich clast showing large 

angular olivine set in a cataclastic matrix composed 

predominately of olivine fragments and  sulphide. 

(Field of view 7mm, XPL).  

Fig. 3 Oxygen isotope composition of olivine-rich clasts in 

mesosiderites. Shaded zone: 2 variation on group mean 

values. Lam = Lamont; VM = Vaca Muerta; Pad = Mt. Pad-

bury. TFL = Terrestrial Fractionation line. 

 
Fig.4 Oxygen isotope composition of diogenites. Red dia-

monds = diogenites this study, black diamonds = diogenites 

[3]. Horizontal line through HED data is the eucrite fraction-

ation line (EFL) of [3]. 
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