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Introduction: The mesosiderites are stony irons composed of approximately equal portions of metal and crustal 

silicates. Their formation can be divided into three main phases: (1) silicate crystallization (2) mixing of metal and 
silicates (3) deep burial and slow cooling [e.g. 1,2]. The O and Cr isotopic compositions of mesosiderite and HED 
silicates suggest that they may have been formed on the same parent body [Greenwood 2015 and 2006], but it is 
hard to reconcile the burial depth required for the slow cooling rates measured for mesosiderite metal with their 
formation on Vesta, an intact asteroid. Recently,  [3] invoked a hit-and-run collisional model for their formation; 
however, the reactions occurring during metal silicate mixing were not within the scope of the study; this study fo-
cuses on processes occurring in the metal during this phase to elucidate mesosiderite formation. 

Methodology: We studied polished sections of four mesosiderite samples from the US National Meteorite Col-
lection: Crab Orchard (USNM1590), Chinguetti (USNM 3205), Chaunskij (USNM 3256), Vaca Muerta (USNM 
1682), and Reckling Peak (RKP) A79015. The FEI NovaSEM 600 scanning electron microscope in the Department 
of Mineral Sciences at the National Museum of Natural History (NMNH) was used to produce both elemental and 
multi-element maps, which were used to select areas of interest for both electron microprobe analysis (with the 
JEOL 9800R/5, also located at NMNH) and laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-
MS) analyses. Minor and trace elements were determined using a UP213 laser coupled to a Thermo Finnigan Ele-
ment 2 LA-ICP-MS at the University of Maryland.  

Redox: Many previous studies have reported evidence for redox reactions during metal-silicate mixing, primari-
ly focused on the analysis and effects on the silicates, which have Fe-Mg-Mn systematics consistent with reduction 
of FeO to Fe [3,4,5] and the corresponding oxidation of P in the metal to produce the abundant phosphates observed 
in mesosiderites [3,5,6-10]. If redox occurred, then reduction and oxidation would also be observed within meso-
siderite metal. In particular, depletions in readily oxidizable elements would be expected in the metal most closely 
associated with the silicates, referred to here as matrix metal, relative to metal clast (nodule) material. Indeed, we 
observe significant depletions of Mo and Cu relative to elements of similar volatility. However, the T-ƒO2 buffer 
curves for these elements are not similar to that of P as we would expect, if these depletions are related to redox, 

Fractional Crystllization: The mesosiderites show a restricted range in Ir compositions, suggesting that the 
metal was molten at the time of mixing and that fractional crystallization did not occur [Wasson 198, hazz 1990). 
Samples with differing Ir compositions, such as Chaunskij and RKP A790015, have previously been identified as 
anomalous. Our analyses show that Crab Orchard, RKP A79015, and Chaunskij exhibit remarkably similar concen-
tration of many of the moderately and volatile siderophile elements, but their highly siderophile element (HSE) con-
centrations differ. This is consistent with these elements exhibiting less affinity for the crystallizing metal, as re-
flected by their partition coefficients [11]. The data collected shows a range in Ir values, with class A/B (Crab Or-
chard, Chinguetti, and Vaca Muerta) having the highest concentrations, Chaunskij having the lowest, and class C 
(RKP A79015) lying in between. This is suggestive of fractional crystallization.  

If fractional crystallization is responsible for the HSE compositions of the metal in RKP A79015 and Chaunskij, 
it was unlikely to have involved the entire metallic mass sampled by mesosiderites as the vast majority of meso-
siderites exhibit a similar and restricted range. Instead, we suggest that local fractional crystallization may have oc-
curred in the metallic mass sampled by mesosiderites. One possible model for this is that an isolated portion of the 
metallic mass experienced extensive fractional crystallization, such as a mass isolated from the main portion by ad-
mixed or adhering mantle fragments. 
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