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Introduction: Zinder is a pyroxene pallasite. 

[1][2]. Pyroxene pallasites contain a significant propor-
tion (>1 vol. %) of pyroxene, and have distinct oxygen 
isotope and metal compositions. The majority of py-
roxene pallasites (Vermillion, Yamato 8451, NWA 
10019, Choteau, and NWA 1911) have no demonstrat-
ed connection to an iron meteorite group. Our new 
work, however, demonstrates a link between Zinder 
and the IIIF irons--a group that contains no silicates or 
oxides. Thus, for the first time, we may have discov-
ered mineral assemblages from the IIIF parent body’s 
mantle. 

Methods: A triangular mount of Zinder (~1.25 
inches per side), previously analyzed by [2], was bor-
rowed from the Northern Arizona University collec-
tion. Electron microprobe analysis and sample charac-
terization was performed at Brown University, while 
trace element data on metal was collected by laser abla-
tion ICP-MS at Florida State University. 
 Results: Zinder consists of approximately 43%   
Fe,Ni-metal (kamacite and trace taenite) and 55% sili-
cate with olivine and orthopyroxene present in near 
equal proportions. Trace levels of clinopyroxene, 
chromite, merrillite, troilite and schreibersite are also 
present. Small crystallized inclusion assemblages are 
scattered inside the large olivine and orthopyroxene 
grains, containing chromite + troilite + merrillite +/- 
metal. Orthopyroxene + troilite or chromite + clinopy-
roxene symplectites are also occasionally found. The 
olivine and orthopyroxene are composed of rounded, 
1-2 mm grains, and occasional, small fragmented piec-
es. Both olivine and orthopyroxene are present as rare 
inclusions in the other phases. The large olivine (Fa11.9, 
Fe/Mn = 33.6) and orthopyroxene (Wo2.0En86.6Fs11.4, 
Fe/Mn = 20.6) grains show no chemical variation be-
tween different grains, and are thus equilibrated. The 
inclusions, however, have slightly different composi-
tions, with the olivine being more Fe-rich (Fa12.7, 
Fe/Mn = 34.7) and the orthopyroxene more Mg-rich 
(Wo1.0En87.7Fs11.3, Fe/Mn = 11.3) than the larger grains. 
Clinopyroxene, which was not reported in previous 
studies [1,2], is present as both a 100 by 20 µm long 
rim along an olivine grain (Wo39.3En55.2Fs5.5, Fe/Mn = 
17.5) and as 20-50 µm rounded inclusions (Wo45.6-

47.8En48.1-49.5Fs4.0-6.3, Fe/Mn = 7.5 to 11.6) in both oli-
vine and orthopyroxene. Chromite is present in differ-
ent textural settings: as a large grain, small inclusions 
within olivine and orthopyroxene, and in fine-grained 

symplectites. The compositions do vary 
(100*Fe/(Fe+Mg) = 51.4 to 77.6, 100*Al/(Cr+Al) = 
31.4 to 12.5), but are similar to the most Al-rich chro-
mites found in MG pallasites (Fig. 1). Merrillite is the 
only phosphate present. 
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Figure 1: Fe/(Fe+Mg) vs Al/(Al+Cr) plot showing chro-
mite from Zinder, NWA 10019 and MG pallasites. 

 
     The composition of the metal from Zinder is unlike 
other pallasites, but matches that of the IIIF magmatic 
irons [3,4,5], which consist of 9 meteorites. The com-
position of the Zinder metal is Fe 92.1 wt%, Ni 7.34 
wt%, Cu 141 ppm, Ga 6.2 ppm, Ge 1.0 ppm, As 5.3 
ppm, Ru 7.93 ppm, Rh 1.22 ppm, W 1.06 ppm, Re 
0.50 ppm, Os 5.54 ppm, Ir 4.98 ppm, Pt 9.5 ppm and 
Au 0.9 ppm (Fig. 2). It contains the distinctive low-Ga 
and Ge concentrations of the IIIFs along with the rela-
tively low-Ni abundance. It should be noted that there 
is not an extensive set of elemental compositions avail-
able for the IIIF irons, and future analyses are required 
to confirm their relationship with Zinder.  
     Discussion: The IIIF irons are a small group of 
magmatic iron meteorites whose mineralogy consists of 
kamacite, taenite and troilite. The chemical link be-
tween Zinder metal and the IIIF irons provide an ex-
tended petrological understanding of their common 
parent body. The presence of two pyroxenes within 
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Zinder indicates that the meteorite likely derives from a 
parent body with a lower degree of partial melting than 
MG pallasites [6]. Chromite and merrillite composi-
tions seem to point to a body similar to MG pallasites, 
though somewhat more Al- and Na-rich. Given the 
primitive metal composition of Zinder (high Ir, low 
Au), and the fact the IIIFs do have members with more 
fractionated metal, a downward crystallizing core is 
implied similar to that envisioned by [7] for MG pal-
lasites. It is possible that impact or “hit-and-run” pro-
cesses could mix the mantle and core to produce 
Zinder, but since Zinder doesn’t contain an exotic min-
eralogy and does contain both primitive silicate (Mg-
rich olivine, Mg-rich En88 pyroxene, merrillite) and 
primitive metal (high Ir, Pt; low Ni, Au), such models 
seem unnecessary.  
     The oxygen isotopic analysis of two grains of 
Zinder [1] gave two slightly different compositions 
(δ18O = 3.39, 3.27 and δ17O = 1.79, 1.81 and Δ17O = 
+0.01, +0.09). This places Zinder in three-isotope 
space in the same approximate position as the HEDs, 

but above the terrestrial fractionation line, instead of 
below it. 
     The differences between the various pyroxene pal-
lasites are more marked than their similarities, particu-
larly with respect to metal compositions. In contrast to 
the other pyroxene pallasites, Zinder has primitive 
metal with marked volatile element depletion.  
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and Wasson J. T. (1987) GCA, 51, 1717-1726. [6] 
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158. 

 Figure 2: Trace element metal concentrations 
from Zinder compared to IIIF irons (excluding Bin-
ya, Cerro del Inca, Fitzwater Pass and Moonbi), 
the other pyroxene pallasites, MG pallasites and 
the IIIAB irons. All concentrations are in ppm. 
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