
Fig. 1. Hesperian lavas exhibit low-TI and overlie 

higher-TI, olivine-enriched bedrock in Terra Sirenum. 
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     Introduction and significance: Degraded impact 

craters and intercrater plains in the Martian highlands 

commonly contain flat, relatively high thermal inertia 

(TI)  surfaces (“bedrock”). These units: exhibit maxi-

mum TI values above ~500 J m-2 K-1 s-1/2 in THEMIS 

images, occur in dozens of isolated exposures ranging 

from ~2x102 to ~3x104 km2 in area, and commonly 

show modest enrichments in olivine compared to sur-

rounding materials [1-7]. These olivine-bearing bed-

rock plains may be the product of Noachian/Hesperian 

resurfacing processes, and are widespread, thus under-

standing their petrogenetic origin(s) is important. Also, 

olivine-bearing bedrock is observed at/near all of the 

Mars2020 candidate landing sites, increasing the im-

portance of understanding these materials. 

     The petrogenetic origin(s) of these units is uncer-

tain. An effusive volcanic origin was generally favored 

in past studies on the basis of the relatively high TI, 

distinctive composition, and the difficulty of spatially 

concentrating olivine over such large scales through 

sediment transport and sorting [1-6]. However, the 

degraded nature of these units, limited vertical expo-

sure, and lack of volcanic morphologies (e.g. flow 

lobes, source vents), makes their origin(s) uncertain. 

     In this work, we first present evidence that many of 

these units are not lavas, but instead are clastic rocks. 

Next, we discuss possible clastic origins for these ma-

terials, as well as a mechanism of olivine enrichment.  

     Observations: 1. The bedrock units have not fol-

lowed the same degradation and regolith develop-

ment path as known volcanic plains. Hesperian vol-

canic plains have a notable lack of bedrock exposure 

compared to Noachian cratered terrains [8], and have 

developed a thick regolith [9-10] (unlike the olivine-

bearing bedrock). In locations where olivine-bearing 

bedrock is found subjacent to Hesperian volcanic 

plains, a striking difference in TI and regolith cover is 

observed, such that Hesperian plains are more mantled 

than the older bedrock ([8], Fig. 1). One explanation 

for this is that the older bedrock was rapidly buried 

before the emplacement of the Hesperian plains, and 

then recently exposed [8]. However, an alternative ex-

planation is that the Noachian bedrock units are me-

chanically weak/friable materials compared to the Hes-

perian lavas. Comminution products developed on 

these materials would likely be dominated by finer par-

ticulates [e.g. 11,12] that are more susceptible to eolian 

transport (e.g. fine- to medium-sands, [16]). Converse-

ly, high shear-strength lavas would break down into 

blocks and coarser-particulate materials. Over time, 

this would lead to buildup of thick regolith dominated 

by less mobile materials (coarse sands and larger, plus 

trapped dust) on the Hesperian lavas, whereas the fria-

ble bedrock would experience constant deflation and 

exposure of a lithified surface.  

     Additional examples of Hesperian lavas superjacent 

to higher-TI (less mantled) units are observed in Gusev 

crater [13] and NE Syrtis (Fig. 2). In those locations, 

significantly mantled Hesperian lavas directly contact 

older, less mantled rock units. In Gusev crater, these 

rock units may represent olivine-bearing basaltic 

tephras, similar to the Algonquin-class rocks investi-

gated by the Spirit Rover [14]. At NE Syrtis, the older, 

higher-TI rocks contain sulfates and aqueously altered 

basaltic materials [15]. Tephras and altered basaltic 

materials would likely be mechanically weak compared 

to unaltered basaltic lavas, such as those present in the 

Hesperian volcanic plains [e.g. 17].  

 
Fig. 2. Examples where Hesperian lavas abut older, likely 
mechanically weak materials (see text). (a) Gusev (b) NE 
Syrtis. The differences in surface TI expression may result 
from differences in friability. 
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Fig. 3. Crater density is higher on 
Hesperian lavas (top polygon) than 
on olivine bedrock (bottom poly-
gon).  

Fig 1 

2. The bedrock units do not preserve small craters 

as well as superjacent Hesperian lavas or adjacent 

low-TI surfaces. We determined the cumulative size 

frequency distributions and spatial density of craters 

with D > 200 m for nine bedrock regions and adjacent 

low-TI surfaces within the same (or younger, in one 

case) global chronostratigraphic unit [18] (Fig. 3). In 

this exercise, we assumed that the adjacent low-TI sur-

faces represent regolith derived from dense crystalline 

rocks. Bedrock and low-TI regions of interest were 

chosen from areas of similar elevation and slope, re-

ducing the possibility of differences in wind activity. 

The bedrock regions 

showed between 18-

78% lower crater 

density than their 

adjacent low-TI 

surfaces, suggesting 

that small craters are 

more easily removed 

from the bedrock. 

This is consistent 

with differences in 

material properties 

between the bedrock 

and Hesperian lavas.  

3. The bedrock 

units exhibit sur-

face morphologies 

consistent with 

wind-eroded landforms in friable rock. Mars Recon-

naissance Orbiter Context Camera (CTX) images show 

that many olivine-bearing bedrock surfaces exhibit 

parallel or sub-parallel striations, which we interpret as 

yardangs. In addition, craters within the bedrock com-

monly appear shallow, with degraded or scalloped 

rims.  

Discussion: The observations discussed above in-

dicate that some olivine-bearing bedrock units may 

represent mechanically weak materials, which is incon-

sistent with dense, crystalline rock such as basalt. Al-

ternative petrogenetic origin(s) are discussed below.  

Explosive volcanism could produce olivine-

enriched friable rocks. For the intercrater plains and 

crater-filling units, the volcanism would need to be 

localized, because we do not observe draping deposits 

over pre-existing topography. Alternatively, draping 

deposits could have been removed or resurfaced. 

Basin scale impacts (e.g. Isidis, Hellas, Argyre) 

could potentially also form these materials, in the form 

of suevites, or perhaps as silicate condensates from 

vaporized crust (which could range from porous/un-

consolidated to strongly welded) [19,20]. For example, 

[20] suggest silicate condensate from the Isidis impact 

this as a potential origin for the circum-Isidis olivine-

bearing bedrock in Nili Fossae and Libya Montes. For 

intercrater plains and crater-filling units, the timing of 

deposition would need to be better constrained to de-

termine if their formation times were consistent with 

the ages of these large basins.  

Sediment transport and deposition in topographic 

lows is a likely origin for the intercrater plains and 

crater-filling materials. We suggest that the observed 

olivine enrichment in the bedrock arises through defla-

tion, after the sediments have been transported, depos-

ited, and lithified. As the basaltic bedrock is eroded 

and deflated, plagioclase could be preferentially trans-

ported away from the bedrock and coarser and/or dens-

er olivine-bearing grains could accumulate in lag de-

posits. The lag deposits may have then organized into 

bedforms and/or become trapped in small topographic 

lows in the bedrock (both observed in HiRISE images), 

allowing portions of the basaltic bedrock to remain free 

of the lag. This could allow the high-TI signature to 

persist, and the spectral datasets to be dominated by the 

finer particulate and daytime-warmer olivine-enriched 

sediments. Additional sedimentary mechanisms for 

olivine-enrichment are discussed in [7].    

Conclusions: We present evidence that many oli-

vine-bearing bedrock plains are not effusive volcanics. 

For the intercrater plains and crater-filling olivine bed-

rock units, which are isolated and concentrated in 

topographic lows, the simplest explanation is detrital 

sedimentation. Olivine enrichments likely formed over 

time, through slow deflation of the bedrock, preferen-

tial eolian removal of plagioclase, and accumulation of 

olivine-bearing sediments in patchy lag deposits. 

     Acknowledgments: This work was supported by 

NASA MDAP NNX14AM26G.   
     References: [1] Edwards et al., (2009), JGR 114, E11001 

[2] Rogers et al. (2009) Icarus, 200 (2) 446-462 [3] Rogers 

and Fergason (2011), JGR 116(E8), 1–24 [4] Rogers and 

Nazarian (2013), JGR 118, 1-19. [5] Ody et al. (2012), JGR, 

118, 1-29. [6] Edwards, C.S, et al. (2014), Icarus, 228, 149-

166 [7] Cowart and Rogers (2018), this meeting [8] Rogers 

and Head (2017), 48th LPSC, Abs. 1347 [9] Warner et al., 

(2017) Space Sci Rev (2017). doi:10.1007/s11214-017-

0352-x [10] Golombek et al. (2017), Sp. Sci. Rev. 211, 5-95 

[11] Malin and Edgett (2000), Science, 290, 1927-1937 [12] 

Golombek et al. (2006), JGR, 111, E12S10 [13] Grant et al. 

(2006) GRL, 33, 2-7. [14] Ruff et al., (2014) Geology, 42, 

359-362. [15] Ehlmann and Mustard (2012), GRL, 39, 1-7 

[16] Greeley et al. 1980, GRL, 7, 121-124  [17] Thomson et 

al (2013), JGR, 118, 1233-1244 [18] Tanaka et al. 2014, 

USGS SIM 3292 [19] Toon et al. (2010), Ann Revs., 38, 

303-322 [20] Palumbo and Head (2017), Impact Cratering as 

a Cause of Climate Change, Surface Alteration, and Resur-

facing During the Early History of Mars, M&PS, doi: 

10.1111/maps.13001.  

2388.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)


