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Introduction: Mesosiderites are comprised of roughly equal amounts of silicates and Fe-Ni metal, representing 

the mixtures of crustal and core materials of differentiated asteroidal bodies[1-3]. The unique texture, composition, and 

chronological characteristics imply complex formation processes for mesosiderites, including the initial melting and 

differentiation on the mesosiderite parent body (MPB), redox reactions during metal-silicate mixing, and subsequent 

thermal alteration and impact metamorphism[4]. Northwest Africa (NWA) 11005 is a new mesosiderite found in Mo-

rocco in 2016. To unravel the formation history of mesosiderites, we carried out in situ U-Pb dating on zircon and Ca-

phosphate (apatite [Ca5(PO4)3(F,Cl,OH)] and merrillite [Ca9NaMg(PO4)7]) grains in NWA 11005, on the basis of 

comprehensive petrological and mineralogical studies. Here we present our preliminary results and discuss the impli-

cations for the petrogenesis of NWA 11005. 

Results and Discussion: NWA 11005 is a type 2A mesosiderite, consisting of micron- to centimeter-sized lithic 

and mineral clasts and Fe-Ni metal set in a fine-grained recrystallized matrix. Accessory phases in NWA 11005 in-

clude ilmenite, chromite, tridymite, Ca-phosphate, zircon and baddeleyite. A large number of euhedral to subhedral 

fluorine-rich apatite grains (20-65 m in diameter, F: 3.8-7.2 wt.%) have been observed in the mesostasis of basaltic 

clasts. Apatite exhibits relatively high concentrations of U (126-161 ppm). The rare earth element (REE) concentra-

tions and patterns of apatite (La: 467 × CI, Eu/Eu* = 0.05) approach those in the highly equilibrated non-cumulate 

eucrite (La: 264 × CI, Eu/Eu* = 0.09)[5], suggesting that the apatite was primarily formed during the initial fractional 

crystallization and less altered by the thermal metamorphism induced by metal-silicate mixing. On the other hand, 

abundant large anhedral merrillite grains (30-70 m in diameter) are present around the silicates adjacent to metal 

phase. Merrillite grains commonly have much lower U contents (1-8 ppm). Their REE concentrations (La: 115-

181 × CI) are significantly lower than those of non-cumulate eucrites (La: ∼5000-26000 × CI)[5-6], indicating that they 

have a metamorphic origin and most likely formed through redox reactions during the metal-silicate mixing [7]. A 

zircon grain (10 × 15 m) is present as a subhedral inclusion in ilmenite, containing elevated U up to ∼400 ppm. In 

situ U-Pb isotopic analyses on zircon and Ca-phosphate grains were conducted using the Cameca IMS-1280 HR mi-

croprobe. The weighted average 207Pb-206Pb age of zircon is 4556 ± 21 Ma (2σ), in an excellent agreement with the 

age of initial melting and differentiation of the MPB (4563 ± 15 Ma (2σ))[8]. Apatite yielded an older weighted average 
207Pb-206Pb age of 4517 ± 5 Ma (2σ) while merrillite gave a much younger 207Pb-206Pb isochron age of ca. 3.95 Ga, 

indicating two independent thermal events. 

On the basis of detailed petrology and mineralogy studies of NWA 11005, we propose that the initial differentiation 

of the MPB occurred at ∼4.56 Ga. Shortly after, MPB experienced a global-wide intensive thermal metamorphism at 

∼4.52 Ga, resulting in the redistribution of REEs and resetting the U-Pb isotopic system of apatite in basaltic clasts 

of NWA 11005 and many other eucrites[9]. Subsequently, a hot (likely molten) metallic body injected into the basaltic 

layer of MPB, resulting in mixing of silicates and Fe-Ni metal and producing overabundant merrillites which precisely 

record the timing of mixing. The age for the mixing event is ∼3.95 Ga, in concordance with the cataclysmic bombard-

ment time throughout the inner solar system. 
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