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Introduction: Lunar impactites (impact melt breccias and 

breccias) record the bombardment history of the Moon’s surface. 

Recent findings of >4 Ga impact ages in Apollo 16 and 17 

breccias [1-4] call into question whether the surface of the Moon 

was subjected to a spike in the impact rate (“lunar cataclysm”) at 

~3.9 Ga. As an alternative, it is possible that there was a steady 

decline in the impact rate, such that the earliest impact melts did 

not survive. Application of multiple radiochronometers with 

different closure temperatures, such as Ar-Ar, Sm-Nd, Pb-Pb, 

and U-Pb in various minerals, can provide better constraints on 

the lunar impact history as well as for interpreting radiogenic 

isotopic compositions of lunar samples [5].  

Study: We investigated Apollo 16 and lunar meteorite 

impact melt and fragmental breccias to compare the impact 

records in different chemical groups of the central highlands as 

well as random sites sampled in feldspathic meteorite breccias. 

All of these breccias were either fully recrystallized or contain 

abundant impact melt with lithic clasts. We performed Pb-Pb 

dating of bulk and mineral fractions of glasses or of recrystallized 

impact melts using progressive leaching technniques, U and Pb 

extraction, and high-precision MC-ICPMS isotopic analysis 

(methods in [6]). We found Pb-Pb ages of ~4.19 Ga for 

feldspathic 67016, 3.92-3.93 Ga for KREEP-rich 65015 and 

62235 Apollo samples, and 3.57 Ga (Shişr 166), 3.86 Ga for MIL 

090034, and 3.96 Ga (NWA 6355) for lunar meteorites. 

Discussion: Ar-Ar and Pb-Pb impact ages in lunar meteorites 

older than 4 Ga remain scarce [7]. The Pb-Pb ages of the breccias 

we analyzed are, in all cases, older by a few to ~700 Ma than 

their respective Ar-Ar ages when available [4,8]. Ar-Ar ages may 

be susceptible to variable degrees of resetting by subsequent 

strong impact shock event(s) after the main episode of impact 

melt formation, while Pb-Pb and U-Pb may be less affected by 

these. Five distinct shock episodes between 4.3 to 3.3 Ga were 

identified in Apollo 17 73217 impact melt breccia from U-Pb in 

zircons and in-situ Ar-Ar dating of melt and relict clasts [9, 10]. 

Questions remain if all ages are separate impact events, or 

represent various degrees of resetting or cooling. A petrographic 

context also needs to be established prior to interpreting lunar 

impact ages in term of basin or crater formation events. 
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