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Siderophile Elements in Pristine and Altered Clasts in NWA 7533, Martian Meteorite
Waeselmann, N.; Humayun, M.; Yang, S. (Geochemistry, FSU EOAS); Hewins, R.H. (MNHN-UPMC, Paris, France; Rutgers University, Piscataway, NJ, USA); Zanda, B. (MNHN-UPMC, Paris, France) and Leroux, H. (University of Lille & CNRS). 
Introduction 

Based on siderophile element abundances, the igneous-textured noritic clasts examined in Martian breccia NWA 7533 were impact melts [1]. This raises the question if any components in this meteorite were derived from pristine igneous rocks excavated by impacts. NWA 7533 contains mm-sized crystal clasts of plagioclase or pyroxene, many of which exhibit exsolution lamellae indicating a plutonic origin. There are also mm-sized lithic clasts with an unknown relationship to crystal clasts. Hewins et al. [2] reported Ni in pyroxenes from NWA 7533 by EMP and found that most pyroxenes in crystal clasts had Ni contents <20 ppm, implying derivation from pristine crustal rocks. They reported higher Ni contents (100-800 ppm) in pyroxenes from lithic clasts implying an impact melt origin. If this is correct, then crystal clasts are not merely fragments of lithic clasts but represent distinct crustal lithologies.
Experimental 

To better understand the origin of mm-size clasts in NWA 7533 and assess the abundance of pristine (non-impact melt) materials in this breccia we studied a set of 3 lithic clasts and 4 crystal clasts in section SP7. We determined 73 elements by laser ablation ICPMS (LA-ICP-MS) following the methodology of [1].
Results and Discussion


The SiO2 vs. Ge relationship is a useful tool to distinguish between pristine and contaminated clasts.
Low Ni abundances in plagioclase from lithic clasts could be confirmed. Germanium content in plagioclases from crystal clasts was comparable with shergottite plagioclase (representing basaltic Martian crust [3]). Bulk breccia, on the other hand, has twice as high Ge abundances and could be resolved from the pristine source in separate minerals. We identified pristine pyroxene (n=3) and feldspar (n=2) clasts, including an orthopyroxene (En74Wo3) that is chemically identical to ALH 84001. We also identified a pristine lithic clast. One inverted pigeonite with augite lamellae (50-µm) had the highest Ni/Mg and Ge/Si ratios of any clast studied here. While preserving magmatic zoning, it shows abundant evidence of oxidation and sulfidation on the Martian surface prior to incorporation into the breccia.
Conclusions

We showed that pristine igneous clasts could be successfully identified using a combination of Ni/Mg and Ge/Si ratios in the Martian meteoritic breccia, NWA 7533. This technique allows us to investigate indigenous igneous processes that built the Martian highlands using LA-ICP-MS of individual clasts. 
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Fig.1 SiO2 vs. Ge obtained by LA-ICP-MS for pyroxene (square) and plagioclase (circle) minerals; blue diamonds show the range of bulk Shergottite-Nakhlite-Chassignite (SNC) composition [3]; triangles show mineral analysis of olivine (light green), pyroxenes (dark green) and plagioclase (white) from igneous Martian meteorites.


Note that in pristine pyroxene clasts (squares) Ge/Si ratio is not elevated as is in contaminated lithic clasts (squares). 









