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Introduction: Shock effects in HED meteorites draw wide attention because they reflected impact processes in 

the evolution of the crustal rocks on Vesta [1-2]. However, HEDs with extensive shock features, such as mosaicism 

of silicates, presence of maskelynite and localized melting, are rare. NWA 8009 is an impact melt breccia and is 

among the most intensely shocked eucrites. Here we report petrology, mineralogy and U-Pb dating of zircon and Ca-

phosphate of NWA 8009 with the goal to better characterize its shock and thermal history and to further explore the 

igneous and impact history on Vesta. 

Results: Plagioclase patches from lithic and mineral clasts were converted to maskelynite. They are character-

ized by flow features and lack of cleavage, cracks, shock-induced fractures and PDFs.  Pyroxenes show a wide vari-

ety of shock effects, including fracturing, plastic deformation, and mosaicism. Localized melting, as indicated by 

vesicular and irregular and embayed margins, is ubiquitous in many pyroxene grains. Most zircon grains have planar 

fracture and granular texture due to shock effect [3-5]. Phosphates are deformed and partially melted. 
Nineteen U-Pb analyses were made on seven zircon grains with a Cameca IMS-1280 SIMS. Most zircons are 

discordant or slightly reverse discordant, defining a discordia array with lower and upper intercepts of 46 ± 65 Ma 

and 4564 ± 10 Ma, respectively (Fig. 1a). The weighted mean 207Pb/206Pb ages is  4560 ± 8 Ma. Seven analyses 

were made on three merrillite and two apatite grains. Merrillite displays a spread of 207Pb/206Pb age from 4261 ± 3 

Ma to 4204 ± 16 Ma. Apatite has a consistent 207Pb/206Pb age within uncertainty, range from 4119 ± 16 Ma to 4165 

± 17 Ma, with a weighted average of 4143 ± 61 Ma (Fig. 1b,c) . 

Discussion and Summary: Based on the shock effects observed in plagioclase (melting with a flow structure), 

zircon (PFs and granular textures), and pyroxene (strong mosaicism and partial melting), the shock pressure and 

temperature experienced by NWA 8009 were estimated to be ~50-60 Gpa and ∼1160–1200 °C [3, 6]. This corre-

sponds to the shock stage 3 [6].  NWA 8009 is among the most intensely shocked HEDs. After shock, the sample 

was buried near the surface (~0.2 m) by excavated material and experienced a rapid cooling (~23°C/h) and anneal-

ing, resulted in recrystallization and devitrification of the matrix, plagioclase and silica glass. 

The zircon U-Pb age (4560 ± 8 Ma) is consistent with peak magmatism ages of HEDs [7], and represents the 

crystallization age of protolith for the eucrite. The U-Pb ages of merrillites may record an incomplete resetting of 

isotopic systems during an impact event. The U-Pb age of 4143 ± 61 Ma in apatite reflects the timing of complete 

resetting of isotopic ratios during the impact. This event also marked the beginning of the heavy bombardment peri-

od on Vesta between 3.4-4.1 Ga [8]. 
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Fig 1 (a) U-Pb ages of zircon; (b) U-Pb ages of apatite and merrillite; (c) weighted mean 207Pb/206Pb ages of apatite and 

merrillite 
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