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Introduction: Orthopyroxenites are significant 

components of mesosiderites [1], stony-iron 
meteorites, probably related to HED group [2]. These 
rocks are bearing an important petrologic information 
about the deep layers of mesosiderite parent body, 
most possible, 4 Vesta. A large pyroxenite xenolith 
was found among the fragments of Toufassour 
mesosiderite [3]. We had studied the sections of 
xenolith and host mesosiderite by optical microscopy 
and EMP, and analyzed the bulk composition of 
xenolith with XRF. The xenolith is different from 
pyroxenite material of other mesosiderites by presence 
of eutectic-like interstitial aggregate, consisting of 
pyroxene, plagioclase and silica. That is an evidence of 
that the pyroxenite xenolith was formed during the 
fractional crystallization of high-magnesium source 
after the cumulative sedimentation of olivine. 

Results: The Toufassour mesosiderite mainly 
consists of FeNi metal and silicates. FeNi metal forms 
irregular particles of kamacite with rounded or 
lamellar taenite, inclusions of shreiberzite and rare 
troilite. Silicate component of meteorite is medium-
grained plagioclase-pyroxene rock with plagioclase-
poikilitic textucture. The modal composition of this 
rock is (vol%): pyroxene 51.6, plagioclase 33.6, silica 
5.89, Ca-phosphate 0.48, chromite with rare ilmenite 
0.36, troilite 0.27, Fe-hydroxides 1.76. Pyroxene 
grains are normally zoned from En73.2Wo2.7 to 
En53.8Wo9.4 (average is En62Wo8, Fe/Mn=26). 
Plagioclase is An93.1Ab6.7 Ocassionaly, olivine Fo74.9 
(Fe/Mn=30) occurs among silicate grains. The 
symplectic aggregates of silica and troilite are 
randomly distributed within pyroxene grains near their 
borders.  

The large (7x5 cm) xenolith has smooth margins 
with host mesosiderite. It mainly consists of subhedral 
grains of unzoned orthopyroxene (En68.3Wo3.9, 
Fe/Mn=22.7). The grains of 200-1000 μm in size are 
embedded in the main mass of smaller (50-200 μm) 
grains of orthopyroxene of similar composition, and 
16.7 vol% of fine- to medium-grained interstitial 
aggregate, consisting of (vol%): 60.4 pyroxene 
(En67.7Wo2.3); 30.8 feldspar (An90.1Ab9.6); and 8.8 silica 
(FeO 0.72 wt.%; Al2O3 0.58 wt.%) (fig.1). In places, 
the feldspar and silica are forming mirmekitic-like 
intergrowths (60 and 40 vol% respectively, fig. 2). The 
veinlets of similar composition (Pl, Sil, Tr) are 

crossing through the some large orthopyroxene grains. 
The modal mineral composition of the xenolith is 
(vol%): Px 93.4; Pl 5.1, Sil 1.5. 

Accessory phases of the pyroxenite xenolith are 
chromite, ilmenite, troilite, metal FeNi and iron 
hydroxides. Euhedral and subhedral chromite crystals, 
associating with rare, tiny ilmenite grains, occur within 
interstitial aggregate. Large orthopyroxene grains 
contain inclusions of troilite and taenite (10 wt% Ni, 
Ni/Co=24), associated with small silica crystals on the 
border with host pyroxene. Rounded inclusions of 
troilite contain tiny inclusions of FeNi metal. 
Xenomorphic troilite and taenite (50 wt% Ni) with 
minor kamacite (4.8 wt% Ni, Ni/Co=12) are scattered 
through interstitial aggregate. Rare troilite veinlets, 
crosscutting pyroxene grains, are terminated by 
symplectic intergrowth of troilite and silica. 

The bulk chemistry of the xenolith, determined by 
XRF, are (wt%):  SiO2 50.4; TiO2 0.09; Al2O3 2.81; 
Na2O 0.13; K2O 0.07; CaO 1.96; MgO 18.7; MnO 
0.59; FeO 23.7; Cr2O3 0.62; Ni 0.31; Co 0.04. 

Discussion. Orthopyroxene from the pyroxenite 
xenolith has MG# - mol. 100xMg/(Mg+Fe) - (70.3) 
and Fe/Mn (22.7) similar to those of mesosiderite and 
diogenite orthopyroxenites [1, 4], and probably is 
related to HED group. The texture of the xenolith is 
not common for mesosiderite and HED pyroxenites. 
The bulk composition of the xenolithic pyroxenite is 
projecting on the diagram Ol-Q-Pl [5] in the olivine 
field (fig. 3). Equilibrium crystallization of melt with 
such composition must be finished in the reaction 
point A. However, the mineral association of the 
interstitial aggregate is corresponding to eutectic of the 
system, point B. A low modal ratio of plagioclase and 
silica, close relationships of these phases and  
mirmekitic-like texture, reflecting the co-
crystallization of Pl and Sil, suggest the eutectic origin 
of interstitial aggregate of pyroxenitic xenolith. 

Crystallization of melt with bulk composition 
similar to the xenolith could generate the eutectic-like 
melt only by fractional crystallization with cumulative 
sedimentation of olivine (line 1, fig. 3). In this case, 
the melt composition will move through the pyroxene 
field (line 2), then along the Px-Pl cotectic (line 3), and 
will terminate in the eutectic point B. The texture of 
the xenolith shows that cumulation of pyroxene took 
place during the melt evolution along line 2. 
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The interstitial aggregate of the xenolith most 
probably represent the residual melt, captured into 
spaces between pyroxene crystals. The presence of 
troilite and FeNi metal among the interstitial aggregate 
of the pyroxenite xenolith could reflects the 
incomplete fractionation of metal-sulfide liquid from 
the source melt. 

Composition of interstitial pyroxenes of the 
xenolith is close to that of large pyroxene grains, that 
is not consistent with sequence of crystallization. This 
could be a result of Mg-Fe exchange between these 
two kinds of pyroxene during the thermal 
metamorphism. 

The texture and pyroxene zoning of dominate 
lithology of Toufassor mesosiderite could suggest that 
the silicate matrix of this meteorite is igneous and 
corresponds to 4B type by [4]. In contrast to xenolithic 
pyroxenes, the pyroxenes of the host mesosiderite are 
not equilibrated, that reflects its relatively high cooling 
rates and an absence of thermal metamorphism. 
Therefore, equilibration of xenolithic pyroxenes took 
place before mixing of xenolith with the mesosiderite 
host. It reflects the multistage postcrystallization 
history of the pyroxenite xenolith. Close association of 
troilite (±metal) and silica, those were found as in 
mesosiderite host, as in xenolith, was described before 
in some mesosiderites [1] and eucrites [7]. This 
association could be a result of the late episode of solid 
state reduction of Fe from the pyroxene due to sulphur 
metasomatism. 

Conclusion: The texture and composition of the 
Toussafour pyroxenite xenolith should to illustrate that 
some pyroxenites on the MES (HED) parent body 
were formed during fractional crystallization of high-
MG# melts after the cumulate sedimentation of 
olivine. It means that dunites and peridotites of 
cumulate origin must occur in interior of the MES 
parent body. Migration of residual melts could lead to 
crystallization of small volumes of silica-rich basaltic- 
or dioritic-like rocks. 
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Fig. 3. Crystallization path of bulk composition of the 
xenolithic pyroxenite; the diagram is after [5].   
 

 
Fig.1. The texture of medium-to finegrained material 
of pyroxenite xenolith. Opx – orthopyroxene, Sil – 
silica, Pl – plagioclase, Tr – troilite. Reflected light. 
 

 
Fig. 2 The mirmekitic-like intergrowth of the feldspar 
and silica in the interstitial aggregate of pyroxenite 
xenolith. Reflected light.  
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