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Introduction: The Ries impact structure in Germany is one of very few on Earth with preserved impact melt and 

ejecta deposits [1]. There are two main ejecta deposit types, where Bunte Breccia [e.g., 2] is overlain by an impact 

melt-bearing breccia (“suevite”) [3, 4] having evidence of post-impact hydrothermal alteration [e.g., 4, 5, 6]. Vertical 

so-called degassing pipes occur within the overlying melt-bearing unit, originating from the contact with the Bunte 

Breccia. As melt-rich ejecta deposits are emplaced over volatile-saturated material, a rapid degassing of the underlying 

layer is proposed to have occurred [5, 7]; this is also the preferred interpretation of pitted material observed in Martian 

crater fill and ejecta deposits [8, 9]. The Ries impact structure is ideal to provide field evidence for analogous impactite 

deposits on planetary bodies due to excellent exposures and preservation states; similarities in terrestrial and Martian 

atmosphere and volatile content allow for a comparative crater study [10]. Here, we report on an in-depth mineralogic 

and geochemical study of the Ries ejecta deposits as they relate to Martian crater-related pitted material. Should de-

gassing pipe features be ubiquitous in similarly impacted volatile-rich substrates on any planetary body? 

Hydrothermal Alteration: One style of hydrothermal alteration at the Ries impact structure is found in isolated, 

low-temperature (low-T) ephemeral systems in the impact melt-bearing ejecta unit, which includes degassing pipe 

structures [5, 9, 11]. Fe-rich montmorillonite, with Fe-rich oxide or hydroxide coating, at degassing pipes in Otting 

quarry display honeycomb textures without interstitial layers of illite in SEM imaging, indicative of low-T hydrother-

mal alteration in unsaturated conditions [1, 5]. Pervasive vesicularity in the clayey impact melt-bearing unit suggests 

that volatile exsolution continued after emplacement of the deposits [1]. Newsom et al. [5] calculated that sufficient 

volatiles could have existed in the target rock for the underlying breccia to be an internal source for continued exso-

lution which formed the degassing pipes; these structures have more recently been used as indicators of the prevalence 

of water-saturation in the underlying Bunte Breccia [11]. 

Martian Pitted Material: Tornabene et al. [12] have described impact-related pitted deposits on Mars which occur 

as ponded and flow-like morphologies, infilling topographic lows in crater interiors and the proximal ejecta, inter-

preted as melt-bearing impact deposits. These pits are found extensively in Martian primary crater material [12], likely 

formed as hot impact melt-bearing deposits were emplaced on top of a volatile-rich continuous ejecta blanket. The 

rapid degassing of volatiles eventually left remnant collapse vent features [9, 12].  

Results: We have analyzed amorphous material adjacent to a degassing pipes at Aumühle quarry within the melt-

bearing breccia. Mineralogic analysis of amorphous material utilizes a micro X-ray diffractometer (µXRD). Scanning 

Electron Microscope (SEM) micro-imaging of size fraction-separated (<0.2μm and <2μm) and cation-saturated amor-

phous material indicates classic cornflake-textured dioctoahedral smectite, as well as flake and ribbon-textured illite, 

confirmed by preliminary XRD analyses. Subtle differences in diffraction patterns of the size fraction-separated clays 

may indicate multiple generations of alteration, though further analysis is necessary to identify thermal indicators. 

Elemental analysis via field-emission electron microprobe are also ongoing, with planned whole rock geochemistry 

(ICP-MS). In addition to the Aumühle surficial samples with degassing pipes, we will study Nördlingen and 

Wörnitzostheim drill core sections containing melt-bearing impactites at depth. Previous work on this core has shown 

hydrothermally-altered phases enriched in Ba (zeolitization) with major smectite and illite components [6]. Our aim 

with the current clay-fraction separation work is to discern if multiple distinct mineralogic phases exist within the 

amorphous materials, indicating multiple generations of clays with varying degrees and timing of hydrothermalism in 

samples adjacent to degassing pipes and at depth. More broadly, we seek to use the extent and evolution of low-T 

altered clay mineralogy at Ries to investigate ties to the mineralogy of Martian post-impact alteration. Future work 

will focus on broad-scale mapping of the spatial distribution of representative mineral phases as they relate to degas-

sing pipe features, which will then be comparable to the mineralogic mapping on Mars afforded by orbitally-derived 

datasets. 
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