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Introduction:  On the night of 20 July 2007, a 

fireball streaked across the sky over south western 
Australia.  Several images of this fireball were cap-
tured by the Desert Fireball Network (DFN) in West-
ern Australia [1].  Analysis of the images revealed that 
the object came from an Aten (Earth-crossing) type 
orbit, and that it had most likely evolved from an orbit 
from the innermost asteroid belt. 

Recovery of two pieces (150g and 174g – about fist 
sized) of the meteorite associated with this fireball 
occurred in 2008. A third stone (14.9g) was recovered 
in 2009.  The 150g and 14.9g individuals are whole 
stones and fully fusion crusted.  The 174g individual 
has one broken surface.  The meteorite is named Bun-
burra Rockhole (BR) after a nearby landmark.  BR is 
the first achondrite to have a well characterized orbit, 
and the first meteorite with an orbit from the southern 
hemisphere. It was initially classified as a brecciated 
basaltic eucrite [2] - somewhat confusing as a eucrite 
might be expected to have an orbit that would be more 
closely associated with 4 Vesta [3].  Subsequently, the 
oxygen isotopic composition of the meteorite was de-
termined and found to be anomalous – calling into 
question a connection with 4 Vesta [1]. 

The objective of this study is to determine if BR is 
anomalous in any other way besides oxygen isotopic 
composition.   

Analytical Techniques:  A polished thick section 
of BR made from the larger of the two pieces was ex-
amined in this study.  Mineral maps were produced 
using a LEO 1455 VP scanning electron microscope.  
Mineral chemistries were determined with a Cameca 
SX-100 electron microprobe using a 20kv accelerating 
voltage, a 20nA beam current and a fully focused 
beam.  Back-scattered electron images of areas of in-
terest were identified and used to guide analysis spots.  
Well characterised minerals were used as standards, 
and analyses were corrected using a manufacturer-
supplied ZAF routine. 

Modal mineralogy was determined by position sen-
sitive detector X-ray diffraction (PSD-XRD) and a 
pattern stripping PSD-XRD technique described in [4].   

Results:  In hand sample, BR has a very shiny, 
black fusion crust. From the broken surface of the 
174g individual it is clearly an achondrite, and brecci-

ated.  In the meteorite clasts of different grain sizes can 
be distinguished.  The surface shows a few regma-
glypts and is not oriented.  

At the microscopic scale, there are 3 distinct grain 
size domains (fine-, medium- and coarse-).  Grainsize 
textures are randomly distributed. Mineral maps illus-
trate the different grain size textures (Fig. 1) as well as 
the distribution of minerals.  Plagioclase (52.5vol%) 
and pyroxene (41.5vol%) occur in roughly equal abun-
dances, with minor amounts of silica (4.5vol%) and 
trace amounts of sulfide, ilmenite, and chromite 
(1.5vol%).   Modal mineralogy appears similar in all 
three grain size fractions, based on image analysis.  
The coarse- and medium-grained areas show typically 
igneous textures while the fine-grained areas have a 
texture more similar to that seen in Ibitira. We interpret 
this as a metamorphic texture. 

 

 
Figure 1.  Combined x-ray element map (red=Fe; 
green=Mg; blue=Si) showing the mineral textures 
and distribution within a thick section of the Bun-
burra Rockhole meteorite.  

Mineral Chemistry: Plagioclase composition 
ranges from An84 to An91.  Pyroxene (figs 2 and 3)  
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varies in composition and most, but not all, is exsolved 
with low-Ca pyroxene hosting augite lamellae.  
 

 
Figure 2.  Pyroxene quadrilateral showing Bun-
burra Rockhole pyroxene compositions (green 
circles) relative to ‘normal’ eucrites (pink shad-
ing; [5,6]) and two other anomalous ‘eucrites’, 
Ibitira (purple shading; [5,6]) and Asuka 881394 
(pink diamonds; [7]).  Plot created using Δplot 
[8]. 

 

 

 
Figure 3.  a) Fe/Mn vs Fe/Mg and b) Fe/Mg vs 
Wo for BR (green circles) compared to eucrites 
(pink field; [5,6]) and Ibitira (purple field; [7]).  

Discussion and Conclusions: In texture, modal 
mineralogy and mineral chemistry, Bunburra Rockhole 
fits mostly within the range for ‘normal’ eucrites (with 
the possible exception of a portion of pyroxene 
Fe/Mn).  However, in terms of oxygen isotopic com-

position, an average Δ17O value of -0.112 for BR 
places it well off the HED fractionation line [1].  It lies 
closer to the angrite fractionation line, but not on it, in 
contrast to Ibitira (which lies on the AFL).  In terms of 
oxygen isotopic composition it plots closest to Asuka 
881394, but does not exhibit the same mineral chemis-
try as that meteorite (Fig. 2).   

Some aliquots of BR have oxygen isotopic compo-
sition similar to Ibitira.  On the basis of mineral chem-
istry - especially in Fe/Mn ratio [5,6] - as well as oxy-
gen isotopic composition, it is apparent that that Ibitira 
is not a ‘normal’ eucrite.  BR does not overlap with 
Ibitira in its pyroxene compositions being more Mg-
poor overall (Fig. 2), and it’s Fe/Mn ratios fall mainly 
within the ‘normal’ field (Fig. 3).  The main difference 
is that BR has a higher Fe/Mg ratio than Ibitira, how-
ever this could be the result of redox processes.    

This preliminary study shows a similar petrologic 
history for BR compared to ‘normal’ eucrites. The 
different oxygen isotopic composition is best explained 
if BR formed on a different parent body than the HED 
parent body.  This may mean that there are a number 
of bodies with similar bulk compositions that experi-
enced similar processes, but possibly under different 
redox conditions, in different regions of space.  

Future Work: Continued work to ascertain the 
petrologic history of BR will include bulk minor and 
trace element analysis, trace element mapping using 
synchrotron, and determination of mineral-specific 
oxygen isotopic compositions.   
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