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Introduction: The ESA/Roscosmos ExoMars 

Rosalind Franklin rover will launch in September 2022 

and land in Oxia Planum in June 2023. The main rover 

mission will sample the aqueously-altered Noachian 

(>3.7 Ga) phyllosilicate-rich terrain of the landing site 

[1-3] in search of ancient biomarkers [4].  

Motivation: In addition to the aqueous signatures 

of the Oxia Planum region, aeolian processes have 

extensively reworked the area and offer geologic and 

geomorphologic clues to landscape evolution in the 

more recent past. This work investigates the tendency 

of periodic bedrock ridges (PBRs) to be found in the 

same locations that have detections of hydrous clay 

minerals, as observed with the OMEGA (Observatoire 

pour la Mineralogie, l’Eau, les Glaces et l’Activite) 

CRISM (Compact Reconnaissance Imaging 

Spectrometer for Mars) instruments [1]. The study 

includes both the landing ellipse and the wider Oxia 

Planum region (Figure 1a).  

PBRs are repeating, symmetrical, wind-transverse, 

bedrock-abraded linear ridges [5-7]. Their wind-

transverse development allows them to be used as 

climatic paleoindicators, while abrasion directly into 

cohesive substrate lends insight into the depositional 

histories of the units they are found in. Our survey 

includes Oxia Planum and three additional sites along 

the circum-Chryse basin (Maja Valles, Hypanis Vallis, 

and Aram Chaos) (Figure 1). We investigate whether 

the coincidence of PBRs and Fe/Mg-rich 

phyllosilicates is a widespread phenomenon, or unique 

to Oxia Planum. 

Methods:  PBR Observations. We used the extent 

of hydrous mineral detections presented in Figure 1 of 

[1] to bound each of the four study areas. In a GIS, a 

~10x10 km2 grid system was used to facilitate the 

search for PBRs in HiRISE, CTX, and CaSSIS images. 

PBR crestlines were digitized at a map scale of at least 

1:2,000 in HiRISE images and 1:10,000 in CTX 

images. Then, the grids were classified as exhibiting: 

(i) clay-bearing terrain, (ii) PBRs, and (iii) clay-

bearing terrain and PBRs (Figure 1a-d). This 

methodology was replicated at each study site.  

The grid system served the dual purpose of (a) 

facilitating a systematic survey of PBRs and (b) 

converting PBRs observations and clay-bearing terrain 

detections into an observational matrix wherein 

comparisons across study sites could be made. 

It is important to note that, owing to the ubiquity of 

PBRs in the circum-Chryse region, our survey does not 

constitute an exhaustive inventory of the landform. 

Rather, we digitized assemblages of PBRs that 

appeared to exist in different textural groups within the 

same grid square.  

Global Circulation Model Outputs. Winds at 1.5 m 

above the surface over each study site were generated 

in Mars global circulation models (GCMs) for Martian 

Year 24 under low (5°/15°), current (25°), and high 

(35°/45°) obliquities. These outputs were used to 

compare contemporary modelled winds to wind 

direction estimates inferred from PBR orientations.  

Observations: PBRs on clay-bearing terrain. We 

found that PBRs at Oxia Planum and Maja Valles were 

most often found on clay-bearing surfaces (63% and 

68% of occurrences, respectively), while 

approximately half (51%) of PBR observations at 

Hypanis Vallis coincided with clay signatures. Aram 

Chaos had the lowest (21%) percentage overlap. 

Overall, our observations demonstrate a propensity for 

PBRs to be found on clay-bearing terrain across the 

circum-Chryse region.  

PBR Orientation and modelled winds. PBRs across 

the circum-Chryse region exhibited consistent 

directionalities with ~86% of PBR crestlines oriented 

between E/W and ESE/WNW. This means the 

majority of PBRs would have been abraded by winds 

blowing from the S-SSW towards the N-NNE, or from 

the N-NNE towards the S-SSW (180° ambiguity). 

These winds do not agree with the dominant 

contemporary modelled winds over the region (25° 

obliquity), nor contemporary/very recent winds 

estimated by [7], as inferred from observations of 

transverse aeolian ridge crestline orientations and dust 

devil tracks. Winds from the S-SSW were modelled at 

35° and 45° obliquities, suggesting the winds 

necessary to abrade the PBRs could have occured 

during modern high obliquity periods. 

Implications and Future Work: Our preliminary 

results highlight the propensity for PBRs to be found 

on clay-bearing terrain across the circum-Chryse 

region, and, importantly, across the Rosalind Franklin 

rover landing ellipses. They also call attention to the 

consistency of PBR crestline orientation over a 2.5 

million square kilometer area. This suggests that these 

PBRs formed at a similar time under regionally 
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consistent wind conditions; conditions that differ from 

the modern-day climate.   

Important questions about the nature and 

development of PBRs in the circum-Chryse basin 

remain. Namely, where in the stratigraphic record do 

PBRs appear? Are PBRs a contemporary (late-

Amazonian) feature, or are they an older landform 

exposed on exhumed palaeosurfaces? Ongoing work 

will constrain the location of PBRs in the stratigraphic 

record through contact tracing and mapping those units 

where PBRs are found.  

PBRs are important targets for the Rosalind 

Franklin rover, as they encode information about the 

nature of the clay-bearing material they are eroded into 

and about the aeolian environment of Oxia Planum and 

the wider Chryse region. Digital elevation models 

suggest PBRs are gently sloping features with ~ 1 m 

relief. This suggests the rover would have little trouble 

traversing these features, and also that the meter-scale 

bedrock stratigraphy could be observed in their flanks. 

Investigating PBRs during the nominal mission would 

help clarify their nature, while lending insight to the 

history of Oxia Planum.   
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Figure 1. (Left panel) Global context for the extent of 

the hydrous clay detections presented in [1] and 

locations of (a) Oxia Planum, (b) Maja Valles, (c) 

Hypanis Vallis, and (d) Aram Chaos.     
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