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An extensive olivine-bearing unit is observed around the perimeter of the Isidis
impact basin that includes the Nili Fossae region. Proposed origins for this unit include lavas
(Hamilton and Christensen, 2005; Tornabene et al., 2008), impact melts (Mustard et al,,
2007), or silicate condensate from vaporized crust following the Isidis basin impact
(Palumbo and Head, 2017). This unit exhibits TI values between ~400-700 J-m-2K-1s-05,
consistent with clastic rock or pervasively-fractured crystalline rock (Edwards and Ehlmann,
2015). Like other examples presented in this work, this Noachian-aged unit exhibits higher
TI than the Hesperian-aged Syrtis Major lavas that overlie the unit (Figure 2d). Though
portions of the olivine-bearing unit exhibit evidence for aqueous alteration (Ehlmann and
Mustard, 2012) that may have weakened the olivine-bearing bedrock, significant portions
appear unaltered and exhibit similar THEMIS TI values to the altered regions (Edwards and
Ehlmann, 2015). Unaltered regions are found within 300 km distance and within a few
hundred meters elevation from the Syrtis lavas, suggesting that preferential wind activity
cannot explain the differences in TI and regolith cover between unaltered olivine bedrock
and Syrtis lavas. We thus suggest that the Nili Fossae olivine-bearing unit is friable compared
to Syrtis lavas, and argue that this favors pyroclastic, detrital sedimentary, or impact-related
origins (e.g. Palumbo and Head, 2017).

Olivine-bearing light-toned bedrock plains are present beneath a younger, crater-
retaining unit in Jezero crater. There, the geologic context would support a sedimentary
origin, as suggested by Goudge et al.,, (2015). Finally, olivine-bearing plains bedrock is
observed to the southwest of the Columbia Hills, and could represent tephras (Section 2.1;
Ruff et al,, 2014) but also could have other origins such as those described in Section 3.2. No
matter which landing site is selected, detailed petrographic analysis of olivine-bearing
bedrock plains with the Mars 2020 payload, and in terrestrial laboratories upon sample
return, will likely provide insight into the formational mechanism(s) of these distinctive and
widespread units.

5. Conclusions

The lack of regolith cover compared to known volcanic surfaces, as well as poor
retention of small craters, suggest that many bedrock plains are not composed of
mechanically strong materials, such as lavas. Rather, many of these olivine-bearing and

feldspathic units likely represent clastic rocks. The high TI values of bedrock plains relative
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to average Martian surfaces likely reflects weak material properties. Friable materials would
break down into fine particulate materials that are more easily moved by wind. In contrast,
lavas comminute into blocky, coarse materials that are not easily eroded, resulting in buildup
of thick regolith. Thus from orbit, TI differences between adjacent geologic units could, in
some cases, appear inverted relative to their underlying differences in mechanical strength
and TI. Candidate origins include pyroclastic, impact related materials and/or sedimentary
rocks. We suggest that the observed olivine enrichments may have developed over time,
through deflation, preferential removal of plagioclase in the finer-particulate fraction, and

accumulation of olivine-bearing sediments in patchy lag deposits.
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Figure Captions

Figure 1. (a). Map of TES-derived TI within study region indicates that bedrock plains are
rare in the Hesperian volcanic plains of Hesperia Planum and Syrtis Major Planum and
common in the intercrater plains and crater floors of the highlands (white arrows indicate
examples). Other locations discussed in the text are labeled. (b-c) Example bedrock plains in
eastern Noachis Terra (regions 2 and 3, Table S1) and Terra Cimmeria (region 5, Table S1).

Figure 2. Differences in regolith cover are apparent between Hesperian volcanic plains and
subjacent, older bedrock in Syrtis Major (a-b), Gusev crater (c), and northeast Syrtis (d). (a)
THEMIS TI shows distinct thermophysical stratigraphy with bedrock plains underlying
lower-TI lavas. (b) Portion of HiRISE image ESP_036579_1795. Dark-toned Syrtis lavas
overlie a light-toned, basaltic fractured unit that is similar in appearance to other bedrock
plains. Though the light-toned unit is included in the “Hesperian volcanics” (eHv) unit of
Tanaka et al. (2014), it is stratigraphically older, and may represent Noachian bedrock. The
dark-toned unit ridges protrude through swaths of sediment in topographic lows; bedforms
are absent, possibly indicating a dominance of coarse-particulate materials that are not
easily moved by wind. The light-toned higher-TI unit contains sparsely distributed
bedforms. (c) In Gusev crater, Hesperian lavas exhibit low TI values from orbit, whereas
subjacent, dominantly clastic materials in the Columbia Hills exhibit higher TI values. *As
suggested by Ruff et al. (2014). (d) Northeast of Syrtis Major, Hesperian lavas overlie
variably altered olivine bearing rocks (Ehlmann and Mustard, 2012). The younger lavas
exhibit lower TI values and thicker regolith.
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Figure 3. Morphological and crater density distribution examples suggesting some of the
bedrock plains consist of friable materials. (a-b) CTX (~6 m/pixel) image mosaics of bedrock
surfaces near (a) 215.10°E, 37.99°S and (b) 142.50°E, 19.80°S showing oriented, linear
ridges that we interpret as yardangs. Note degraded, scalloped rims of small craters on
bedrock. Color indicates relative TI (red=high; blue=low). (c) Portion of HiRISE image
PSP_009339_1585 (25 cm/pixel), located in Peta crater near 350.88°E, 21.00°S. Bedrock unit
exhibits smooth or scalloped textures in some locations. (d) Portion of HiRISE image
ESP_047522_1555 (50 cm/pixel), located near 125.72°E, 24.38°S. Bedrock unit exhibits
scalloped textures in some locations (arrows). (e) Crater density for bedrock and low-TI
surfaces in region 9; locations shown on THEMIS day IR (f) and night IR (g) radiance. The
supplementary material contains additional crater density maps and morphological
examples.
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