
Fig. 1. a. TES thermal inertia map of the Hesperia 
Planum / Terra Cimmeria region. The high-TI study 
sites (black outlines) are flat-lying plains (b) and 
mapped as late Noachian (LN) (c) [4]. 
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     Introduction: Areally extensive plains exhibiting  
high thermal inertia (TI) relative to the global mean in 
Mars Global Surveyor Thermal Emission Spectrometer 
data (‘bedrock plains’ [1,2]) are commonly found in 
the Martian highlands [2]. They typically exhibit poor 
crater retention and are more mafic relative to sur-
roundings. The combination of poor crater retention 
and evidence for erosional degradation (e.g. yardangs) 
led [1-2] to hypothesize that most bedrock plains are 
fine-grained, clastic rocks undergoing deflation, lead-
ing to a continually exposed consolidated surface (and 
thus higher TI) rather than a thick regolith (lower TI). 

Here we describe a set of expansive bedrock plains 
in Terra Cimmeria (TC) that do not fit well with this 
trend (Fig. 1), and discuss their possible origins. Rela-
tive to other high TI plains in the Martian highlands 
(e.g. [2]), these units exhibit a general lack of olivine, 
higher crater retention, subunits with lobate margins, 
and much larger surface areas [2]. However, like the 
other plains, they clearly contain exposed rock at the 
surface and have minimal regolith. The units corre-
spond with late Noachian mapped units [3] based on 
cumulative >1km diameter crater counts (Fig. 1c). 
     Compositional characteristics: TC high thermal 
inertia plains are dominated by relatively olivine-poor, 
basaltic materials which appear yellow in THEMIS 
decorrelation stretch (DCS) images (bands 8-7-5 as R-
G-B) (Fig. 2). The plains are not distinctive in global 
olivine maps from Mars Express OMEGA, with the 
exception of one exposure [4]. However, olivine-
enriched materials are exposed in crater ejecta and 
around the margins of the olivine-poor material, sug-
gesting that olivine-rich strata underlie olivine-poor 
materials (Fig. 2). The olivine-rich material is light-
toned and similar to olivine-rich, clastic materials ob-
served elsewhere on Mars (e.g. Noachis Terra [2]; Nili 
Fossae [1-2]).  
     Distinctive landforms: As reported by [2], a 
unique feature of the TC high-TI plains is that they 
contain flat lying, thin units bounded by lobate scarps 
(Fig. 3a-b). These were tentatively interpreted as po-
tential lava flows by [2]. These features are part of the 
DCS yellow unit do not appear spectrally distinctive 
from surrounding DCS yellow surfaces, but they do 
typically exhibit slightly lower TI than surrounding 
bedrock surfaces (Fig. 3a). They do appear etched and 
have undergone some erosional degradation. To further 
evaluate a potential lava origin, we compare the mor-
phology with known early Hesperian lava plains in 
Gusev crater (Fig. 3c). The lobate margins in Gusev 

exhibit slightly more digitate edges, have raised mar-
gins, and appear smoother than the TC lobate features. 
The smooth appearance is likely due to increased rego-
lith cover on the Gusev plains, whereas the TC lobate 
features lack this cover. It remains uncertain whether 
the TC units are lava flows.  

     Crater retention: We conducted crater counts 
on the TC units down to 1km diameter, and for two 
units, down to 200 m diameter, to (1) independently 
assess the oldest crater retention age of these units, (2) 
search for any episodic or continual resurfacing events 
indicated by steps, gradual slopes or rolloffs in the 
CSFDs, and (3) to  compare the crater retention proper-
ties to well understood surfaces (e.g. Hesperia 
Planum). We find that the TC units have maximum 
retention ages between 3.6-3.9 Ga, and most show evi-

2407.pdf51st Lunar and Planetary Science Conference (2020)



dence for a resurfacing event at approximately 3.50-
3.55 Ga (Fig. 4). It is possible that the lobate-edged 
landforms found within these plains are associated with 
the resurfacing event. Unfortunately, the boundaries of 
lobate features are difficult to fully trace, thus preclud-
ing individual crater counts on these subunits. For two 
TC units in which we counted craters down to 200m, 
we observe little evidence of enhanced small crater 

Fig. 4 CSFDs down to 1km for Regions 2 and 7, and 
down to 200 m for Regions 5 and 6.  
removal on these units relative to Hesperia Planum, a 
known volcanic plain. This is consistent with previous 
qualitative assessments of high crater retention on the 
TC units[2] relative to other bedrock plains.       
     Discussion: TC bedrock plains exhibit a stratigra-
phy of olivine-enriched, light-toned friable materials 
underlying olivine-poor, more resistant units. The 
crater statistics suggest that the TC units have lost 
small craters (<1 km) at a comparable rate to that of 
Hesperian Planum. The origin of the lobate features 
remains uncertain; a volcanic origin remains viable. 
However, if these are volcanic, it is unclear why these 
units lack a thick regolith (unlike known Hesperian 
volcanic plains) [e.g.,5]. One possibility is that the 
units were rapidly buried soon after formation, and 
remained protected from thick regolith development. 
Alternatively, the materials consist of well-cemented 
sandstones that are erosionally resistant but still break 
down into sand-sized particles that are capable of sala-
tion. Additional mapping and crater counting is under-
way to try to discern between these scenarios and infer 
the processes that formed and modified these materials. 
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Fig. 2. THEMIS DCS 8-7-5 image and 
spectra of TC bedrock area 6, near 
(lat,lon). Yellow-ish areas are olivine-
poor relative to surroundings and underly-
ing olivine-bearing materials. Olivine-
bearing materials exposed in crater ejecta 
and at the margins of the bedrock plain. 

Fig. 3a. THEMIS nighttime radi-
ance over CTX at (lat,lon) show-
ing that the lobate landforms 
exhibit slightly lower TI (con-
sistent with slightly more rego-
lith cover). Both the lobate fea-
tures and underlying materials 
are part of the DCS yellow unit. 
b. CTX zoom on lobate feature. 
c. CTX view of Gusev volcanic 
plains (lat, lon) at same scale as 
b. 
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