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   Introduction. Mars Exploration Rover Opportunity 

traversed 5.2 km along the rim of 22 km-diameter Noa-

chian impact crater Endeavour. Spirit traversed 3.9 km 

through Noachian terrain of the Columbia Hills. Both 

rovers crossed major geologic unconformities on several 

occasions and documented with in situ observations both 

the outcrop-scale geologic context and stratigraphy of 

rocks formed during early climates on Mars and 

lithologies associated with the previously inferred gen-

eral changes in environment of Mars over geologic time 

[1,2], including the transition from these early wetter 

climates to later drier environments.  

Opportunity: Endeavour crater. Opportunity crossed 

the geologic contact between Meridiani Planum and the 

Noachian terrain of the Endeavour crater rim on sol 

2681 and has examined the elemental, spectral, and 

petrographic character of geologically mappable im-

pact and pre-impact lithologic units. The result is a 

geologic strip map along the traverse documenting the 

geology out to the identification limit of 20 m. (e.g., 

Fig. 1). 

Between the Burns fm [3] sandstones and the rim 

of Endeavour crater there is an unconformity that devel-

oped over a time span great enough that the crater rim 

was greatly eroded and subsequently overlain by other 

regional deposits prior to emplacement of later sulfate 

sands. The latest pre-Burns fm deposit ("Grasberg fm") 

was itself eroded prior to the deposition of the Burns fm. 

Outcrops along the crest and upper slopes of Cape York 

and south at Murray Ridge consist of breccias (Shoe-

maker formation) from 3 to 5 m thick (Fig. 2), many 

bearing agglomeratic textures. A lower contact zone with 

the underlying unit at Matijevic Hill is transitional in 

texture and consists of coarse breccia as well as 1 to 2 

mm round clasts [1].  

Stratigraphically below the impactites (Fig. 2), is a 

light-toned, fine-grained (<30!) and orthogonally jointed 

unit of unknown thickness that dates from before the 

impact event. Exposures occur as tabular-surfaced out-

crops (Matijevic formation) restricted to the interior of 

Cape York on its east face [2]. The exposures range from 

light-toned, planar outcrops with discontinuous, 

erosionally resistant darker veneers to erosionally resis-

tant ridges with high concentrations of small spherules.  

The unconformity at the base of the Shoemaker fm 

(Fig. 3) is a contact between ejecta and underlying clay-

bearing [1,4] outcrops with weathered coatings [2]. The 

surface of the unconformity is a paleosurface dating 

from the Noachian, exposed to the environment of that 

time, and preserved by burial beneath impact ejecta. 

Spirit: Columbia Hills, Gusev Crater. From in situ 

mapping along Spirit's in the traverse across the Colum-

bia Hills at Gusev crater (Fig. 4) we measured 40 to 50 

m of geologic section [6]. Lithologies included air fall 

material draped over the hills substrate and later pyro-

clastic and scoriaceous basalt near Home Plate. 

Figure 1. Segment of in situ geologic mapping along 

Opportunity's traverse at Matijevic Hill, site of clay-rich 

outcrops. MRO/HiRISE  ESP_032573_1775. Unit colors as 

in Fig. 2. Yellows are mobile fines. 

 

Figure 2. Stratigraphy based on in situ measurements on 

the rim of Endeavour crater. Ancient aqueously altered 

rocks, the "Matijevic fm", pre-dating the impact are 

probably the oldest rocks yet examined on Mars. 
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Figure 3. Altered, eroded and weathered  pre-impact substrate 

on Matijevic Hill buried and preserved by impact breccias. 
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plains basalts were emplaced much later over an 

unconformity that is dramatically exposed at the contact 

with the plains where a steep slope with a truncated cap 

rock (West Spur) had backwasted long before lava plains 

emplacement. Intense alteration of Columbia Hills rocks 

relative to the later basalts of the plains [9] confirms that 

ancient rocks have experienced a wetter and more ero-

sive environment. 

The in situ stratigraphy [6] implies that earlier alkali 

basalts [7] were emplaced after the hill-draping units and 

before the later plains (Adirondack) basalts in the Home 

Plate area. Prevalence of ash and lapilli deposits, pres-

ence of anomalously gas-rich pyroclastic explosions, 

circular pyroclastic landforms, and extremely vesiculated 

basalts and other factors are evidence for water-lava 

interaction. Blocks tumbled down slope (Fig. 5) from 

inverted relief expose the basal quench zone of the 

basalts now capping ridges around Home Plate. The 

basal chill texture in these blocks resembles that 

developed when lava flows are emplaced on wet or icy 

ground [8]. We suggest that it is an ancient surface 

recorded in the basal chill zone of the basaltic lavas and 

is evidence for an aqueous or ice-rich environment at the 

surface at or near the time of any ancient Gusev lake. 
 

Figure 5. The rock 

"Orcadas" tumbled from 

a basalt-capped ridge. 

The facing side exposes 

the original basal 

quench surface. Arrow 

points to original 

vertical. Textures on 

that surface are similar 

to those formed when 

lava flows over water 

saturated ground or ice. 

Low Ridge, Home 

Plate, Columbia Hills. 
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Conclusions. Field geologic mapping is now occurring 

on Mars. We have traversed and mapped across several 

significant early stratigraphic unconformities at Merid-

iani Planum and Gusev crater. Each unconformity is or is 

a potential site of preservation of ancient chemistry and 

past environments. Burial and preservation of ancient 

deposits by sediments is only one of many ways that 

preservation may occur on Mars. We find that other 

methods of rapid burial, including regional air fall de-

posits, local crater ejecta, and even the unconformity 

between basaltic and underlying clastic materials, can 

preserve ancient environments, a conclusion that will be 

applicable to many non-sedimentary locations on Mars 

in the future. 
The Mars Exploration Rover mission is operated by the Jet 

Propulsion Laboratory on behalf of NASA. 
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Figure 4. In situ geologic mapping along Spirit's traverse 

through the Columbia Hills at Gusev crater. Outcrops high 

on the upper slopes are stratighraphically low [6]. Home 

Plate is at the south end of the traverse and is where blocks 

similar to that in Fig. 5 occur. Base: MRO/HiRISE 

PSP_001513_1655. 

 

1440.pdfEighth International Conference on Mars (2014)


