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Introduction: The origin of carbonate-bearing 

units in the marginal regions of Jezero crater, a ~45 km 

diameter impact structure located in the Nili Fossae 

region of Mars, has been the subject of some debate 

[e.g., 1–7], specifically pertaining to whether these 

carbonates have lacustrine origins. Until recently, the 

inlets, outlets and fan deposits were considered the 

primary evidence of lacustrine activity [4, 8, 9]. 

Horgan et al. (2020) generated new maps of Jezero 

using hyperspectral data collected by CRISM in 

concert with imagery captured by HiRISE. They found 

a greater spectral diversity and a more distinct 

morphology in carbonates that exist between the 

western delta and the crater rim than previously 

thought and hypothesized that these carbonates could 

be associated with precipitation from the water column 

at the paleolake margins. 

Background: The ~24 km diameter, ~ 14.8 Ma 

[10] Ries crater in southern Germany is a complex 

impact structure that hosts post-impact lacustrine 

carbonates at its basin margins. These carbonates occur 

as palustrine limestones, carbonate sands, calcitic 

spring mounds and dolomitic algal bioherms [11, 12 & 

references therein]. 

Carbonate-bearing units at Jezero crater have been 

categorized based largely on their spectral properties, 

and geomorphological context [e.g., 3, 5, 6]. These 

carbonates can be grouped into four main categories: 

(1) carbonate fill occurring as a component of Jezero’s 

light-toned floor (LTF), (2) marginal carbonates 

exposed along the base of the crater wall (primarily in 

the north of the basin), (3) deltaic carbonates occurring 

in northern delta and in possible point bars of the 

western delta, and (4) watershed carbonates occurring 

in the regionally extensive mottled terrain unit [3–5].  

Methods: In this study, we apply powder X-ray 

diffraction (pXRD), back-scatter electron (BSE) 

imagery, and visible to near infrared (VNIR) 

reflectance spectroscopy analyses to characterize 

samples of carbonates from the Ries basin margin 

regions within the context of previous research done 

on these units. We then apply algorithms such as the 

Spectral Angle Mapper to quantify spectral differences 

between generally distinct classes of Ries carbonates, 

with analogy to spectrally distinct carbonates within 

Jezero. 

Preliminary Results / Discussion: XRD results 

were consistent with what was expected based on the 

literature. The dominant phase in the palustrine 

limestones, carbonate sands, and algal bioherms was 

dolomite. Some accessory phases included Fe-oxides, 

witherite, pyrite and rare smectites and muscovite 

micas. Calcitic spring mounds hosted similar accessory 

phases with more prominent smectitic peaks. 

A preliminary analysis of the VNIR spectra shows 

multiple common absorption features. Consistent 

occurrences of 2.33 µm absorption in samples of the 

Ries dolomitic algal bioherms, palustrine limestones 

and carbonate sands suggests the presence of an Mg 

component [13 & references therein]. Consistent 

occurrences of 1.41–1.42, 1.91–1.93 and 2.21 µm 

absorption features indicates the presence of water 

and/or hydroxyl-bearing material, and potentially Al-

bearing phases (e.g., montmorillonite). The variations 

in these features could indicate the presence of other 

hydrated minerals such as clays or zeolites.  

Future Work: Preliminary results point to a 

moderate spectral diversity attributed to slight 

variations in hydrated mineralogy, despite the notable 

distinct genetic origins of the major carbonate classes 

within the Ries. Next steps include powdering samples 

to a uniform grainsize prior to additional spectral 

analyses, acquiring more recent spectral data of Jezero 

crater, a spectral analysis of the Ries limestone target 

rock, spectral analyses from the Ries calcitic spring 

mounds, and implementing spectra quantification 

algorithms. Ultimately, our goal is to assess how much 

spectral variability might be expected for genetically 

distinct carbonates as applicable to Jezero. 
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