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Introduction: Ancient lunar impactites may provide constraints on the composition of material accreted late to 

the terrestrial planets, including the observed slight deviations from chondritic ratios of some highly siderophile 

elements (HSE) in the Earth’s mantle [1]. However, the origin of HSE fractionations between samples of different 

lithologies and landing sites are still debated [2-4]. Impact rocks from different landing sites display broadly linear 

correlations of HSE ratios and 
187

Os/
188

Os (a measure of the long term Re/Os ratio of the samples). The latter feature 

is either interpreted as signatures of distinct ancient impactors [2, 3] or mixing of several ancient impactor composi-

tions [4]. In either case, the nature of the putative impactors and their formation remains poorly constrained. Expan-

sion of the data base to less siderophile and moderately volatile elements will help to better constrain the composi-

tion of impactor components. 

Analytical techniques: In order to determine all HSE and Te, Se, and S from the same aliquot we followed the 

analytical procedure of [4] and [5]. The samples were crushed into coarse-grained chips and mixed 
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Te and individual 
34

S spike solutions were added to sample aliquots of 60 to120 mg. After 

digestion in reverse Aqua regia for 16 h at 320°C in a high-pressure Asher, Os was extracted by solvent extraction 

and back extraction into HBr followed by microdistillation. Os isotopic ratios were measured by negative TIMS. 

The rest of the HSE and chalcophile elements were separated by ion exchange chromatography from the matrix and 

analyzed by ICP-MS. The samples were introduced either via a Scott-type spray chamber (Re, Ir, Pt, Au, S), an 

Aridus desolvation system (Ir, Ru, Pt, Rh, Pd) or hydride generation (Te, Se). 

Results and discussion: A full set of HSE, Te, Se and S data on multiple aliquots of five lunar impact rocks 

from the Apollo 14, 15 and 16 landing sites were obtained. All samples display suprachondritic HSE/Ir and 
187

Os/
188

Os ratios, outside the chondritic range. The chalcophile elements are depleted relative to the HSE and aver-

age Se/Te and S/Se ratios are strongly suprachondritic in most samples. In contrast one of the samples yields aver-

age Se/Te of 8.0 ± 1.4 and S/Se of 2560 ± 540 overlapping with the range in carbonaceous chondrites (Se/Te = 6.6 

to 8.5, S/Se = 2600 to 2750). These observations support the mixing model proposed by [3] in which the HSE are 

controlled by variable mixing of chondrite-like impactor components with a differentiated impactor component, 

similar but not identical to known iron meteorite composition(s). 

Our combined HSE and chalcophile data reveal different primitive impactor compositions in the chondrite-like 

impactor component and further help to unravel crustal contributions to the chalcophile elements. Based on these 

observations and fractional crystallization models a better characterization of the chalcophile element poor differen-

tiated impactor component is possible. After subtraction of a chondrite-like component studied non-chondritic lunar 

impactites display HSE compositions typical to residual metallic melt after significant solid metal formation from 

metal melt initially rich in phosphorous and/or sulfur. The partitioning behavior of HSE in such systems strongly 

depends on the concentration of light elements in the metallic liquid [6] which in turn is a function of parent body 

composition, oxygen fugacity and pressure [7, 8]. The observed HSE patterns in lunar impact rocks are consistent 

with P/S ratios significantly higher than estimated for most magmatic iron meteorites, which could reflect lower 

oxygen fugacity or lower equilibration depth during core formation in the parent body. 

Constraints on late accreted material: The HSE and chalcophile compositional record of lunar impact rocks is 

consistent with accretion of differentiated core metal along with chondrite-like material. Observed HSE patterns 

reflect large-scale fractionation processes during differentiation of the parent body of the impactors. Similar devia-

tions from chondritic HSE ratios observed in lunar impactites and terrestrial mantle suggest that late accretion to the 

Earth may have delivered similar material (Embryo core material? Leftover material from the Moon forming im-

pact?). 
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