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Introduction: Clay minerals on Mars have been 

indicators of potentially habitable environments, and 

multiple scenarios have been proposed to explain their 

origins. Some studies suggested that clay minerals on 

Mars could have formed at the surface of the planet 

under warmer/wetter conditions [1, 2], or within the 

subsurface under colder/drier conditions [3]. It has also 

been suggested that clay minerals on Mars might have 

formed during the early formation of its crust [4]. Clay 

minerals could have also formed in aqueous 

environments like fluviolacustrine systems [5, 6], or in 

hydrothermal environments initiated by volcanism [7] 

or meteorite impacts [8-10]. 

Impact craters are ubiquitous features across Mars 

that have exposed subsurface clay mineral-rich layers 

[10]. These craters may have hosted fluviolacustrine 

environments that produced clay minerals and may have 

generated clay minerals through early, post-impact 

modifications independent of warmer/wetter climate 

conditions [10]. Here, we further explore the role of 

impact cratering in the production of clay minerals on 

Mars based on recent studies of clay minerals at the Ries 

impact structure, Germany, as a terrestrial analogue. 

Clay Minerals at the Ries Crater: The ~24 km 

diameter, ~14.8 Ma [11] Ries crater is a complex impact 

structure that hosts several major clay mineral-bearing 

units. These units can be broadly categorized into three 

groups: (1) melt-poor impactites, (2) melt-bearing 

impactites and (3) post-impact lacustrine deposits. 

These units are laterally extensive, and account for 

much of the material that makes up the Ries crater. 

Melt-Poor impactites: Melt-poor impactites include 

impacted material in the basement and crater rim, but 

mainly comprises the Bunte breccia, which is polymict 

with abundant sedimentary clasts and rare crystalline 

clasts. Clay minerals comprise some clast material but 

primarily occur in the matrix as kaolinite and illite [12].  

Melt-Bearing impactites: Melt-bearing impactites 

mostly consist of polymict breccias. The relatively 

unaltered varieties of these breccias have clay minerals 

that occupy the interstices and occurr as globules within 

impact glasses [13]. These clays are smectitic, primarily 

montmorillonite, [14, 15] and likely formed from the 

alteration of the glasses [14]. 

Altered varieties of melt-bearing breccias have 

diverse clay assemblages [e.g., 16]. Smectites are 

reported within the interior lining of degassing pipes 

with varying interlayers of illitic, chloritic, kaolinitic 

and hydroxy materials [16]. Clay minerals associated 

with altered breccias comprise montmorillonite [17] and 

estimated to  have formed at ~43–112 °C [18]. 

Lacustrine Deposits: The lacustrine deposits consist 

of basal sandstones and breccias transitioning upward 

into bituminous shales, marlstones, and claystones [19]. 

These deposits host neoformed montmorillonite, illite 

and kaolinite [20]. Clay minerals in the basal sandstone 

and breccia units transition upward from smectite with 

lesser quantities of illite and chlorite to interlayered 

illite-smectite with increasing illite and kaolinite [21]. 

Fluids associated with clay mineral formation deeper in 

the basal units have isotopic signatures consistent with 

geothermally modified meteoric water at estimated 

temperatures similar to the pervasively altered melt-

bearing breccias. [21].  

Conclusions: This work summarizes the type and 

occurrences of clays at the Ries impact structure, which 

reflects multiple settings and paths for pre- syn- and 

post-impact formation conditions. This work also 

supports the continued study of the Ries as a terrestrial 

analogue for understanding clay formation on Mars. 
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