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Introduction: Classically, Gale crater’s central 

sedimentary mound (Aeolis Mons) has been divided 
into a Lower and Upper formation.  Milliken et al. [1] 
proposed this classification based on geomorphology 
and spectral data that highlighted the phyllosilicate-to-
sulfate nature moving up the Lower Mound (LM) to the 
spectrally bland mega-yardang Upper Mound (UM) that 
unconformably overlies the LM. Other workers have 
since completed more detailed geologic, geomorphic, 
thermophysical, and spectral mapping relying on orbital 
data since that time (e.g., [2-6]).  These materials have 
been described and subdivided in a variety of ways, but 
all workers have agreed on the initial interpretation by 
Milliken et al. that the entirety of the LM is a “single 
stratigraphic sequence”. The change in mineralogy 
moving up the LM sequence has most often been 
attributed to a change in global climatological 
conditions during the “drying out” of Mars, leading to 
increasing aridity, acidification, and salinity of surface 
fluids that became enhanced in sulfate [e.g., 1,3-6].  
Here, we propose an alternative geologic history and 
depositional process consistent with the orbital data. 

Hypothesis: Our geologic analysis indicates that the 
mineralogy, morphology, texture, erosional expression, 
cratering record, and material properties of the LM 
materials exposed between Curiosity’s current position 
up to the base of the UM appear to be very distinct from 
all bedrock studied by the rover to date. The bedrocks 
also appear to have been emplaced following a major 
unconformity representing significant passage of 
geologic time. Thus, the transition to sulfate-dominated 
bedrock as seen from orbit may not represent a “drying 
out” climatological signal, but instead a compositionally 
distinct set of strata emplaced by entirely different 
processes than those encountered by Curiosity to date. 
The most consistent depositional process to explain the 
evidence is volcanic airfall. 

Evidence: 
Morphology and erosional expression: Typical 

morphologies in Figures 1-2 show some of the orbiter-
based distinctions of the previously visited LM and the 
upcoming section (herein called the Middle Mound: 
MM). The stratigraphic expression is very different, 
with LM exhibiting very limited layering not traceable 
significant distances, compared with the fine layer-cake 
expression of the MM.  These two terrains also show 

Fig 1. HiRISE ESP_052387_1750_MRGB.JP2 product 
with color strip from overlapping images. Two contacts 
are mapped between LM, MM, & UM.  Many distinct 
characteristics are noted and contrasting crater populations 
(circles) are evident. Right: HiRISE derived slope map 
showing strong differences in erosional expression. GP = 
Greenheugh Pediment, GV = Gediz Vallis 

Fig 2. Typical expressions of (a,b) MM and (c,d) LM in 
HiRISE data at the same scale. Blue arrows indicate the 
partially infilled Gediz Vallis channel up section. Red 
arrows indicate the abundant dark wind-mobile sediment 
from local erosion. Note highly degraded craters in 2c-d, 
often infilled with dark sediment.  mb = traceable marker 
bed 
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very distinct erosional expressions: planar vs. cross-
cutting and etched vs. smooth textures. The eroded 
sediment is implied to be sand-sized and local for the 
LM while the MM is finer-grained, lighter-toned, and 
has mostly been transported away from the system (no 
local deposits).  All of these expressions indicate 
significantly different material characteristics between 
the LM and MM.  

Crater populations: All HiRISE-visible impact 
craters were mapped at a scale of 1:3000 in the region 
of Curiosity’s past and planned traverse for the LM and 
MM. Figures 1 and 3 show the distinct crater 
populations of the LM, MM, and Greenheugh pediment. 
LM exhibits a larger range of crater diameters and a 
denser population containing many bigger craters. Note 
that due to likely burial and exhumation of these units 
and their craters, the absolute ages denote exposure, and 
not emplacement, ages. Concerning LM and MM, most 
striking is the one to two orders of magnitude difference 
in relative age (400 and 50 Ma for LM and 5 Ma for 
MM). The simplest explanation of the age discrepancies 
is that the LM and MM are stratigraphically 
unconformable and represent two very different 

depositional processes and rates. Note that in this case, 
the “resistant” units are the mudstones of the LM, which 
are often easily erodible materials on Earth. Thus, the 
MM must be composed of something even weaker. The 
LM crater record is consistent with very slow 
accumulation of these materials, akin with the proposed 
lacustrine model (e.g., [7]), allowing buildup of a 
denser, larger diameter population of craters.  However, 
the lack of craters, with no sizeable ones, in the MM 
implies very rapid accumulation of the entirety of the 
650-m-thick, finely layered stack. Additionally, in the 
LM data, larger diameter craters have an age of “400 
million years”, yet at 90-m-diameter there is a distinct 
downturn in the curve to a much younger age. A 
downturn such as this is plausibly attributed to 
significant resurfacing [8], providing further evidence 
for an erosional unconformity and a distinct 
depositional setting. Major resurfacing would also 
explain the enhanced degradation and infilling of larger 
craters and lack of ejecta in the LM (e.g., Figure 2).  
Conversely, the MM crater curve in Figure 3 shows no 
evidence of resurfacing.  

Middle Mound Interpretation: A number of 
distinctions have been outlined arguing that the strata 
about to be characterized by Curiosity are geologically 
distinct from the LM. In addition to the strong Mg-
sulfate signature from orbit [1], the MM exhibits fine 
and rhythmic layering that is traceable for great 
distances, has a distinct erosional expression from the 
LM, is likely composed of very fine grained material 
that is extremely friable, and was apparently deposited 
very quickly. Collectively, these data and observations 
are most consistent with volcanic airfall deposits.  

If correct, this geologic history would imply that the 
transition from phyllosilicates to sulfates does not 
represent a climatological signature representing the 
drying out of Mars, as is often argued (e.g., [1,9]).  
Instead, it would imply that very different geological 
depositional processes led to the LM and MM with a 
major unconformity in between, and that their orbit-
based mineralogies are likely primary signatures 
inherent to those distinct materials. The source of the 
sulfur would be volcanic, and not from the drying and 
acidification of a Gale paleolake. This, and alternative 
hypotheses, can be tested with forthcoming Curiosity 
data.  
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Fig 3. Crater cumulative size-frequency plot of the LM, 
MM, and GP. Isochrons are only illustrative of relative 
ages.  
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