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Introduction: Roberts Massif 04239 is an 11.97 

gram ungrouped achondrite from the Antarctic 
meteorite collection. It is classified as a unique 
primitive achondrite with noted similarities to the 
Divnoe achondrite [1]. Tafassasset is another 
achondrite whose origin is not understood [2-4] and 
may be related to Divnoe [5]. In order to investigate 
possible relationships among these ungrouped 
primitive achondrites, we have begun a study of the 
petrology and geochemistry of RBT 04239 and 
Tafassasset. Presented here is the initial petrology of 
RBT 04239 and Tafassasset and a comparison between 
these two anomalous meteorites, Divnoe and the 
brachinites.  

Analytical Techniques: Polished thin sections 
were obtained for analysis on the Cameca SX50 
electron microprobe at LPL. RBT 02439,10 is from the 
Antarctic meteorite collection at Johnson Space 
Center, and Tafassasset is from the Southwest 
Meteorite Center. The conditions for the analyses were 
15 kV accelerating voltage, 20 nA beam current and 1-
µm beam size for olivine and pyroxene; 15 kV, 8 nA 
and 10-µm beam size for plagioclase; and 15 kV, 40 
nA and 1-µm beam size for metals.  

Initial Results: RBT 04239 is dominated by 
polygonal olivine grains in a variety of grain sizes 
between 40-400 µm in diameter. The meteorite also 
contains pyroxene, plagioclase, metal, troilite and 
chromite. In addition to isolated micron-sized troilite 
grains, iron-sulfide exists as veins in fractures of 
olivine and pyroxene and at grain boundaries. Several 
relict chondrules are present in the thin section 
investigated; most are porphyritic and several hundred 
microns in diameter (Fig. 1), and two are much larger 
at ~1.2 mm in diameter and appear to be relict barred 
chondrules (Fig. 2). 

Tafassasset has a fine-grained, equigranular 
texture, and most of the thin section is sub-millimeter 
olivine and pyroxene grains, although metal is 
abundant as well. Plagioclase occurs interstitial to 
olivine and pyroxene grains. No relict chondrules were 
found in either of the two thin sections used in this 
study, although they have been reported in other 
studies [2]. Figure 3 shows a BSE image of the typical 
texture of Tafassasset.  

 

Figure 1: BSE image of ~300 µm 
chondrule in RBT (note iron-sulf

 

Figure 2: BSE image of ~1.2 mm 
barred chondrule in RB

 

Figure 3: BSE image of Taf
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The average olivine composition in RBT 04239 is 
Fa24.4, low-Ca pyroxene is Wo1.5En77.9Fs20.7, high-Ca 
pyroxene is Wo44.9En47.1Fs8, and plagioclase is 
An10.2Al84Or5.8. The composition of olivine (Fa23.7-26.5) 
and pyroxene (Wo0-1.8En75.7-78.9Fs19.8-22.7 and Wo44.5-

45.4En46.9-47.2Fs7.4-8.3) is homogeneous with percent 
deviations of 1.5% for olivine, 15% for orthopyroxene 
and 5.3% for clinopyroxene (Fig. 4). Plagioclase has 
uniform anorthite content but is variable with respect 
to albite and orthoclase (An9.5-10.9Al80.9-86.3Or3.5-8.8) (Fig 
5). The metal in RBT 04239 also has a variable 
composition; metal grains have Ni contents between 4 
and ~35 wt % Ni (Fig. 6).   
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Figure 4: Pyroxene composition for RBT and Taf 
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Figure 4: Plagioclase composition for RBT and Taf 
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Figure 5: Fe-metal composition for RBT and Taf 

 
The average composition of olivine in Tafassasset 

is Fa28.3, low-Ca pyroxene is Wo3.5En73Fs23.5, high-Ca 
pyroxene is Wo39.1En48.4Fs12.5, and plagioclase is 
An23.6Al69Or6.4. The composition of olivine (Fa27.3-29) 
and pyroxene (Wo2.6-4.1En71.7-74.1Fs23-24.5 and Wo37.6-

39.7En48.1-49.4Fs12.1-13.1) is homogeneous with percent 
deviations of 1% for olivine, 10% for orthopyroxene, 
and 2.3% for clinopyroxene (Fig. 4), while the 
plagioclase is highly variable, having a range in 
composotion of An23.2-36.5Al60.1-69.6Or3.4-8.3 (Fig. 5). The 

metal in Tafassasset shows a range in composition, 
although not as variable as that in RBT 04239; Fe-
metal grains in Tafassasset have Ni contents between 
6.2 and 22.7 wt % (Fig. 6). 

Discussion: RBT 04239 and Tafassasset have 
similar orthopyroxene and metal compositions but 
different clinopyroxene and plagioclase compositions. 
RBT 04239 is similar to Divnoe in olivine (Fa20-28) and 
orthopyroxene (Fs20-28Wo0.5-2.5) composition, yet it is 
very different from Divnoe and Tafassasset in plagio-
clase composition (An40-45 cores with An32-37 rims) [1]. 
Orthopyroxenes in RBT 04239 are also similar to 
those in brachinites, which have compositions between 
En69-72Fs25.5-28Wo1.7-3, but compositions for clinopy-
roxene in brachinites are more Fe-rich between En43-

48Fs9-13Wo39-47 [6]. Likewise, the brachinites have more 
Fe-rich olivine and more Ca-rich plagioclase than that 
in RBT 04239 [6]. The plagioclase in Tafassasset is 
closer to that of the brachinites.  

Despite these differences, Figure 6 demonstrates a 
relationship between RBT 04239, Tafassasset, Divnoe 
and the brachinites. It is possible that RBT 04239 and 
Divnoe represent the primitive material that evolved to 
yield material like Tafassasset and the brachinites 
through oxidation and metal-silicate fractionation. The 
presence of relict chondrules in RBT 04239 and Tafas-
sasset and the iron-sulfide veins in RBT 04239 and 
Divnoe reinforce this genetic relationship.  
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Figure 6: Fa vs Fs content of primitive achondrites  

(Data for Divnoe from [1] and for brachinites from [6]) 
Future Work: In the near future, we will measure 

the trace element composition of RBT 04239, 
Tafassasset and Divnoe and extend our petrologic 
study to include other samples. 
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