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Introduction: Hydrogen (H) in minerals of astromaterials is measured by secondary ion mass spectrometry (SIMS) to assess planetary water and identify water sources. This assessment has been made with achondrite and Martian meteorites, and lunar samples, for Vesta [e.g., 1], Mars [e.g., 2] and the Moon [e.g., 3]. Measurement of H in olivine (OL) and pyroxene (PYX) specifically, is used to characterize water content and H isotopes (D/H relative to sea water “VSMOW” as D) in the mantle sources of these materials. Dudley et al. 2021 [4] presents SIMS 1H and 2H data for a Martian - enriched shergottite type meteorite, Larkman Nunatak 06319 (LAR 06319) with estimated water content [H2O] (g/g) and D (‰) of the enriched shergottite mantle source on Mars. Additionally, H loss in minerals by diffusion at post-shock temperatures was revealed.
Methods: One LAR 06319 meteorite section and two grains were polished dry – without water, glue, or epoxy while attached to adhesive-free Felsuma Geckskin fabric. They were cleaned with acetone and isopropanol and mounted in indium with SIMS standards. Multiple analysis were performed on LAR 06319 OL, PYX, maskelynite (MASK) and impact melt (IM): (1) Fourier transform infrared spectroscopy (FTIR) to determine H speciation and monitor laboratory contamination (2) electron microprobe analysis for major and minor elements of planned SIMS locations, (3) SIMS for 1H and 2H, and (4) scanning electron microscopy (SEM) to check SIMS craters for fractures. SIMS measurements in a PYX grain and a MASK grain in the section were set-up as traverses with proximity to IM.
Results: IM contains 100 to 230 µg/g H2O and 3340 to 4670 ‰ D (number of analyses n=4), where higher [H2O] corresponds to higher D. OL contains 90 to 1350 µg/g H2O (n=4), PYX 20 to 480 µg/g H2O (n=11), and MASK 10 to 880 µg/g H2O (n=5), with -10 to 2700 ‰, 130 to 6450 ‰, and 310 to 4290 ‰ respectively. PYX and MASK traverses show a trend of (1) high D (4000-6000 ‰) and low [H2O] (~100 µg/g H2O) to (2) low D (~0 ‰) and high [H2O] (500-1400 µg/g H2O) with (1) closest to IM and (2) furthest from IM.
Conclusions: Terrestrial contamination, degassing, and diffusion modeling suggest that a combination of surface weathering on Mars and terrestrial alteration can explain elevated [H2O] in LAR 06319 OL and fit its [H2O] vs. D regression. H loss (to ~100 g/g) and
[image: ]
Fig. 1. (a) H2O (g/g), (b) D (‰), and (c) Mg# in 2 PYX traverses (CPX1-T1, CPX1-T2) in contact with IM and 1 pyroxene grain (CPX2) away from IM as observed from this surface of the section. Multiple distances can be measured to IM from each point, thus median distance is plotted (m).

[bookmark: _GoBack]fractionation (>1000‰) by diffusion can reproduce traverse trends at LAR 06319 post-shock temperatures (926-1426 °C) [5] at 15-400 s for PYX and 6-50 s for MASK. We propose, that PYX and MASK lost H to the adjacent IM, as evidenced by the presence of vesicles in IM. From the least shock-affected measurements in PYX away from IM, we estimate 245-900 µg/g H2O and ~300 ‰ D for the enriched shergottite mantle source on Mars.
References: [1] Stéphant, A. et al. (2021) Geochim. Cosmochim. Acta 297, 203-219. [2] Peslier, A.H. et al. (2019) Geochim. Cosmochim. Acta 266, 382-415. [3] Saal, A.E. et al. (2013) Science 340, 1317-1320. [4] Dudley et al. (2021) Geochim. Cosmochim. Acta in review [5] Sharp, T. G. et al. (2019) Geochim. Cosmochim. Acta 246, 197-212.
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