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Four brachinite specimens found recently in North-

west Africa exhibit variations in textures and mineral 
compositions, suggesting that they could represent 
separately ejected samples from one or more heteroge-
neous sources.  When coupled with the observed wide 
range in oxygen isotope compositions for these and 
other brachinites, the presumption of a single, very 
ancient (>4.56 Ga) brachinite parent body may be 
called into question.  Alternatively the observed oxy-
gen isotopic variation could signify incomplete mixing 
within a single brachinite parent body, and likewise 
within parent bodies for some other achondrites as a 
function of body size and duration of interior heating.    
 

Petrology: Although all four separate specimens 
came to light in Morocco at about the same time, de-
tails of their discovery in the desert are not known.  All 
are composed predominantly of olivine (85-90 vol.%) 
with minor clinopyroxene, chromite, iron sulfides and 
Fe-Ni metal; plagioclase was found in all but NWA 
4872, and accessory phosphates are present in NWA 
4872 (chlorapatite, Na-merrillite) and NWA 4874 (Na-
merrillite).  Two specimens (NWA 4874, NWA 4882) 
are more equigranular and medium grained (0.7±0.5 
mm), whereas NWA 4872 and NWA 4969 have dis-
tinctly bimodal grainsize distributions (see Figure 1).  
Mineral compositions for NWA 4872, 4874, 4882 and 
4969, respectively, are: olivine Fa35.1, Fa34.1, Fa35.1, 
Fa34.7, (FeO/MnO = 71-84); clinopyroxene (Fs10..3 

Wo47, Fs12 Wo48.3, Fs9.3Wo47.1, Fs10.0Wo46.4 (Cr2O3 = 
0.76-1.2 wt.%); chromite cr# = 74, 73, 72, 71; plagio-
clase [none], An40.7Or0.3, An32.1-37.6Or0.3-0.5, An34.6Or0.3.  
The plagioclase is distributed quite irregularly and is 
notably K-poor (as found also in brachinite NWA 3151 
[1]), and that in NWA 4874 is more calcic than in other 
specimens.  The modal and compositional heterogenei-
ties of plagioclase and phosphates support the hypothe-
sis [1, 2] that brachinites are igneous cumulates.  

 Olivine in all of these specimens contains small, 
very fine-grained aggregates of orthopyroxene + Fe 
metal ± fayalite ± chromite, some of which occur 
around pyrrhotite grains (see Figure 2a).  These poly-
phase aggregates appear to represent post-igneous re-
action assemblages formed perhaps in response to a 
change in redox conditions, as also observed in some 
lodranites [3].  Such intergrowths also are present in 
Reid 013 (Figure 2b), but are absent from NWA 3151. 
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Figure 1: XPL thin section images of NWA 4874, 
NWA 4969 (both 6 mm), NWA 4872 (9 mm) and BSE 
image of NWA 4882.  All specimens have protogranu-
lar textures like those in terrestrial mantle xenoliths. 
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Figure 2: BSE images of reduced reaction assem-
blages in NWA 4882 (left) and Reid 013 (right). 

 
Oxygen Isotopes: Replicate measurements by laser 

fusion on acid-washed samples gave (in per mil): NWA 
4872 δ17O = 2.061, 2.012; δ18O = 4.354, 4.308; ∆17O = 
-0.229, -0.254; NWA 4882 δ17O = 2.064, 2.095; δ18O = 
4.368, 4.455; ∆17O = -0.234, -0.248; Divnoe δ17O = 
2.537, 2.523, 2.627; δ18O = 5.359, 5.369, 5.580; ∆17O 
= -0.282, -0.301, -0.288; Zag(b) δ17O = 2.279, 2.135; 
δ18O = 4.703, 4.410; ∆17O = -0.195, -0.185. 

These results and data for other brachinites and po-
tentially related ultramafic achondrites (including 
NWA 4042 [5]) are plotted in Figure 3.  Based on oxy-
gen isotopic compositions, there appear to be three 
groups of specimens: one with ∆17O of -0.16 ± 0.03 
(NWA 3151, NWA 595, Zag(b), NWA 4042), another 
with ∆17O of -0.24 ± 0.02 (including NWA 4872 and 
NWA 4882), and a third with ∆17O near -0.30 per mil 
(Brachina, Divnoe).  No correlation between ∆17O and 
Fa content of olivine is evident. 
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Figure 3: Oxygen isotope plot for brachinites [1, 5, 6] 
and other planetary achondrites [7, 13]; all plotted data 
are by laser fluorination, except open circles [4]. 
 

Discussion: The complete range in laser ∆17O val-
ues for 8 brachinites sensu lato is 0.17 per mil, which 
is beyond the reproducibility for replicate analyses of 
individual specimens.  This begs the question: How 
much mass-independent variation  in  oxygen  isotopic  

composition can be expected within a single planetary 
or asteroidal body?  The dispersions for laser data 
among many more samples from Earth, Moon and 
Mars are considerably less than this.  Even in compari-
son with the dispersion (-0.15 to -0.27 per mil) meas-
ured [8, 9] for the much larger sampling of HEDO me-
teorites and mesosiderites (ostensibly from 4Vesta), the 
brachinites analyzed to date exhibit a larger range of 
∆17O values (at overlapping absolute values).  Even 
larger dispersions are observed for winonaites (0.3 per 
mil) and for acapulcoites+lodranites (0.75 per mil) 
[10], and polymict ureilites also show heterogeneity 
[11].  If each of these achondrite groups derives from a 
single parent body, then it must be concluded that some 
bodies exhibit more heterogeneity in oxygen isotopic 
composition than others, perhaps as an inverse function 
of parent body size (and consequently the duration of 
interior heating and potential convective overturn). 

 
Conclusions: Brachinites may represent a series of 

cumulate rocks formed within a single, very ancient 
“planetary” body, which was large enough to permit 
internal partial melting, but perhaps too small and/or 
heated for insufficient time to erase accretional oxygen 
isotopic heterogeneities.  In contrast the more extreme 
variations among pallasite subgroups [4, 9, 12] defi-
nitely appear to require more than one parent body.  
New data (see Figure 3, [13]) suggest that GRA 06128 
may be a felsic crustal rock complementary to 
brachinites and from the same parent body. 
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