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Introduction: The Martian highlands likely pre-

serve the best record of the first billion years of Mar-

tian history. Making sense of this record requires un-

derstanding the surface processes that operated during 

this era. Although numerous processes contributing to 

the formation and recycling of surface material have 

been identified, working out their relative contributions 

to the geologic record is still an open issue. 

Equatorial (<40°) regions in the Martian highlands 

contain several flat-lying exposures of bedrock or par-

tially-mantled bedrock. [1-4] These exposures are lo-

cated within Noachian-aged highlands units as mapped 

by [5]. They are typically found in topographic basins, 

such as low areas of intercrater plains or crater floors 

[1-4,6]. These units, which have survived as intact rock 

despite >3 billion years of exposure to later surface 

processes (e.g., see [7]), provide a unique window into 

surface processes operating during the Noachian.  

These bedrock units are most easily identified by 

their thermal inertia or thermal radiance characteristics. 

(see below). The Mars Global Surveyor (MGS) Ther-

mal Emission Spectrometer (TES) and Mars Odyssey 

THEMIS instruments have acquired large, high-quality 

thermal datasets that cover much of the Martian sur-

face, especially in the equatorial regions of interest.  

 Previous studies have focused either on mapping 

bedrock exposures on a global scale and classifying 

them by geologic context (e.g. [1]), or on characteriz-

ing individual units within a regional framework 

(e.g.[2-4]). Additionally, (a) the study in [1] used a 

restrictive thermal inertia range (>1200 J m-2K-1s-1/2) to 

identify bedrock and (b) the previous studies in [2-4] 

focused mostly on properties such as composition and 

geologic context, but did not closely examine variabil-

ity of morphology or stratigraphy within individual 

bedrock exposures. This project attempts to combine 

the two approaches to understand the degree of spatial 

variability in bedrock composition and morphology 

across the planet. 

 In this work, we address the following questions: 

(1) What is the global distribution of bedrock or par-

tially-mantled bedrock? (2) Do all bedrock exposures 

exhibit spectral differences compared to surrounding 

lower thermal inertia materials? (A finding of olivine 

enrichment within units in eastern Noachis Terra [2,4], 

Tyrrhena Terra [3], and crater floors [6] led to an in-

terpretation of volcanic origin for these units) and (3) 

Do these units preserve evidence of multiple formation 

processes, and if so, do they preserve identifiable stra-

tigraphy? 

Methodology: The global bedrock map developed 

for this project differs from the one produced by [1]. 

This project uses less restrictive criteria to constitute a 

potential bedrock detection and delineates the likely 

Figure 1 Initial global bedrock map centered on 180 E, using TES thermal inertia > 300 J m-2 K-1 s-1/2 as a detec-

tion threshold. Polygons enclose areas of bedrock qualitatively similar to the detection area in THEMIS night-IR 

imagery. Areas where TES albedo is > 0.16 (black) were not examined. The base geologic map is from [5]. 
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boundaries of the bedrock exposures as opposed to 

displaying points over the candidate bedrock expo-

sures.  

 The global map was created in JMARS. The initial 

detection of bedrock is based on thermal inertia data 

collected by MGS TES. A threshold of 300 J m-2 K-1 s-

1/2 was applied to the global TES thermal inertia map to 

identify regions likely to be bedrock. Areas where dust 

cover was likely to limit compositional study were fil-

tered out by excluding TES pixels with an albedo 

>0.16. TES pixels meeting the detection threshold but 

located within craters were ignored in this study. 

Due to the low spatial resolution of TES data, can-

didate bedrock exposures identified from TES were 

delineated using a combination of THEMIS and Mars 

Reconnaissance Orbiter CTX data. The THEMIS glob-

al night IR radiance map was used to identify the full 

extent of candidate bedrock exposures. CTX and 

HiRISE were used to determine whether surface mor-

phologies of the potential bedrock were consistent with 

a consolidated surface (i.e. boulders, fractures, appar-

ent massive layering).  

Compositional characteristics were assessed using 

THEMIS data. Bedrock and surrounding surface spec-

tra were processed using the methods outlined in [8]. 

The spectrum of the candidate bedrock surface was 

compared to that of the surrounding low thermal inertia 

surface to quantify the degree of spectral distinctive-

ness. A spectrum was considered distinct if any one of 

THEMIS bands 3-9 were separable outside of one 

standard deviation from the mean. 

Initial Results:  The preliminary bedrock map pro-

duced for this project is shown in Figure 1. Individual 

polygons within this map have been examined in some 

detail, but compositional mapping has so far only been 

performed on units in eastern Noachis Terra and north-

ern Tyrrhena Terra. 

Bedrock outcrops are relatively common in Noa-

chian terrain. Noachian bedrock surfaces are typically 

resistant surfaces, as evidenced by the presence of in-

verted terrains, pitted surface morphologies, and occa-

sional preservation of lava flow fronts. However, their 

distribution is not entirely random, as would be ex-

pected if an initial homogeneous distribution of Noa-

chian bedrock units has since been removed by uniform 

destructive surface processes. This suggests that these 

units either did not have a homogeneous spatial distri-

bution, or conditions within certain regions of the crust 

were more conducive to their preservation, or some 

combination of both. 

A larger number of bedrock occurrences are associ-

ated with the rim graben systems of large impact ba-

sins. The bedrock units in these regions are heavily 

eroded, and stratigraphic inversion of terrain features is 

frequently found within these areas. The amount of 

degradation experienced by these bedrock units makes 

determination of their formation modes difficult. Flood 

volcanism facilitated by crustal fracturing is likely to 

have operated [3], as is sedimentary movement from 

the surrounding high-relief terrain [9]. Compositional 

and morphological evidence from the Hellas Basin rim 

suggest both were in operation. Bedrock units have a 

range of spectral distinctness from their surroundings. 

Some show strong olivine enrichment, suggesting em-

placement by volcanic processes. A few spectrally in-

distinct units show clear evidence for fluvial processes. 

The most areally extensive bedrock units are found 

in Terra Cimmeria. Spectral comparisons have yet to 

be performed in this region, but the initial morphologi-

cal survey shows that these units are less heavily erod-

ed than those in rim graben settings. The better preser-

vation of these units has allowed for identification of 

lava flow fronts in several.  

Units located in western Noachis Terra and adja-

cent to the Thaumasia Plateau have a different morpho-

logical texture. These units appear to be less resistant 

to erosion, with fewer secondary craters and a less rug-

ged appearance. 

Future Work:  The bedrock map presented here is 

only a preliminary version. Spectral maps, particularly 

THEMIS DCS and CRISM multispectral survey data, 

are being used to better delineate the boundaries of 

compositionally distinct bedrock units. In addition, 

morphological indicators of bedrock units are being 

used to identify smaller outcrops that may be just be-

low the detectable resolution of TES. 

Compositional mapping will be expanded into the 

areas that have yet to be characterized. The twin ap-

proach of high-resolution morphological studies and 

compositional mapping are still being refined in the 

initial eastern Noachis region, where it appears that 

there may be spectral indicators for volcanic vs. sedi-

mentary formation modes of bedrock units. DTMs 

generated from CTX and Mars Express HRSC imagery 

to will be used to help identify stratigraphic relation-

ships for selected clusters of bedrock units. 
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