
 

 
Figure 1: Temporal evolution of Mt. Sharp under different scenarios. The dark red line is the model endpoint. 
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Introduction: Gale Crater, landing site of the 

NASA Mars Science Laboratory (MSL) mission, has a 
unique sedimentary stratigraphy, preserved in 5-km 
high Mt. Sharp. The history of its sedimentation, ero-
sion, and secondary mineral formation preserves a rec-
ord of changing geologic processes, climate and habit-
ability on early Mars and determines the preservation 
potential of organics within its sedimentary rocks. We 
model heat flow and depths of burial to predict the 
temperature history of sedimentary rocks presently 
exposed at the surface, providing scenario-dependent 
predictions of diagenetic mineralogy in locations be-
tween Yellowknife Bay and upper Mt. Sharp that will 
be visited by the MSL Curiosity rover.   

Model: We consider two formation scenarios: (1) 
complete filling of Gale crater followed by partial re-
moval of deposited sediments [1] or (2) building of a 
central deposit with morphology controlled by slope 
winds and only incomplete sedimentary fill of Gale 
crater [2]. Model inputs are described below [for com-
plete methods, 3]. 

Pristine and modern topography: The pristine 
topographic profile was determined based on observed 
crater depth-diameter relationships from the MOLA 
dataset [4- 7]. We set the initial shape of Gale Crater to 
be 154 km in diameter and 5 km deep with a central 
peak height of 1.55 km. To have realistic slopes, we 
scaled the average topographic profile from Moreux 
crater (45E, 42N) to fit Gale's parameters. The modern 
average profile was used as the model endpoint. 

Sedimentation Scenarios: Figure 1 shows the time 
evolution of the considered scenarios. Scenario 1 is 
characterized by a complete fill of the crater to the 
peak of Mt. Sharp, followed by partial erosion, leaving 
the modern shape of Mt. Sharp as final output [1]. Sed-
imentation and erosion rates are computed linearly 
based on the defined timescales (discussed below) for 

erosion/sedimentation processes and necessary buri-
al/erosion height. Scenario 2 [2] is defined by an aeoli-
an process where the mound grew close to the center 
of the crater with the surrounding topography creating 
strong mound-flank slope winds capable of eroding the 
mound. Scenario 2a is defined with a constant deposi-
tion rate: the mound grows tall with a relatively con-
stant width over time. Scenario 2b has a linearly de-
creasing deposition rate over time, and the mound 
grows wide then steepens and narrows.  

Timescales: Pinning surface ages based on crater 
counts in absolute time is challenged by the existence 
of different chronology models [8] yet necessary for 
tying burial history to models of the secular cooling of 
Mars. Consequently, we examine three different tem-
poral models for the fill and exhumation of Mt. Sharp: 
(1) a standard model, (2) a maximum diagenesis mod-
el, and (3) a minimum diagenesis model. For (1), Mt. 
Sharp formation begins at 3.7 Ga, reaches 5 km in 
height, and is then exhumed to reach its present extent 
by 3.3 Ga. For (2), Gale crater and Mt. Sharp form 
early, 3.85 Gyr, and Mt. Sharp is exhumed late, 3.0 
Gyr, thus providing a maximum for heat flow and du-
ration of burial. For (3), Mt. Sharp forms late, 3.6 Gyr 
and is quickly exhumed by 3.4 Gyr.  

Thermal model: We use the one-dimensional 
steady-state heat conduction solution that describes the 
temperature T as a function of the depth, z, and time, t: 

 
where T0 is mean surface temperature, q(t) is heat flow 
as a function of time, k is thermal conductivity, ρ is 
density and H(t) crustal heat production as a function 
of time. We define ρ = 2500 kg/m3 and k = 2 W/m°C, 
values typical for average sedimentary rocks [9]. We 
examine two possibilities for early Mars mean surface 
temperature: T0 = 0°C and T0 = -50°C. The first pre-
sumes a warmer early Mars where temperatures rou-
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Figure 2: (a) shows MSL’s traverse. (b) and (c) show the maximum tempera-
ture expecienced in the past by sedimentary rocks along MSL’s traverse. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

tinely exceed the melting point of water ice during 
large portions of the Martian year; the latter represents 
modern-day average equatorial temperature. Finally,  
q(t) and H(t) were estimated by curve-fitting geophysi-
cal models for the evolution of heat flow [10] and crus-
tal heat production [11], respectively, through time. 
     MSL’s traverse: In order to locate MSL traverse 
locations (Fig. 2a), we compute the ratio between the 
distance of the closest rim to Yellowknife Bay and the 
distance of the rim to the base of Mt. Sharp. This is 
necessary because different models output mounds of 
different widths, and proper location of the rover rela-
tive to the mound is crucial for computation of over-
burden rates. Yellowknife Bay is at 0.93 of the dis-
tance between the closest rim and the foothill of the 
output mound. The unconformity is at a point ~1000 m 
higher than Yellowknife Bay. This range represents 
MSL’s future traverse range. 
      Results: In Scenario 1, with the time period equal-
ly split into an interval of net erosion followed by in-
terval of net deposition, average rates of erosion and 
deposition are 6-27 µm/yr and 8-34 µm/yr, respective-
ly. In Scenario 2a average erosion rates fall between 5-
21 µm/yr, while average deposition rates range from 5-
21 µm/yr. In Scenario 2b average erosion rates are 7-
29 µm/yr while deposition rates range from 8-35 
µm/yr. These rates moderately exceed estimated ero-
sion rates elsewhere on early Mars, 0.7-10 µm/yr, but 
are at the lower end of erosion rates from Earth, 2-
100µm/yr [12].  
      For a cold early Mars (T0=-50⁰C), Scenario 1 leads 
to conditions where water would be liquid and, if water 
were present, smectite would be transformed to illite or 
chlorite everywhere from Yellowknife to Mt. Sharp. 
Maximum temperatures reached are ~100ºC and ~70ºC 
at Yellowknife Bay and Mt. Sharp, respectively (Fig. 
2b and 2c). Scenario 2a does not generate conditions 
above 0ºC; there would be no alteration or diagenesis 

in situ unless driven by salty 
brines. Scenario 2a implies that 
swelling clays like smectites (if 
formed in subzero temperatures 
or by another process) should be 
the dominant clay from Yellow-
knife Bay and Mt. Sharp. Scenar-
io 2b predicts liquid water at Mt. 
Sharp that could facilitate diage-
netic transitions, though tempera-
tures above 40ºC are not reached. 
Under Scenario 2b, at Yellow-
knife Bay the 0ºC threshold is 
not reached, and only freezing 
point-depressed brines are per-
mitted.   
     For warm early Mars 
(T0=0⁰C), liquid water that might 

cause alteration and diagenesis would be available 
everywhere between Yellowknife Bay and Mt. Sharp 
under all scenarios. Maximum temperatures greater 
than 100ºC occur at both Yellowknife Bay and Mt 
Sharp i n scenario 1, strongly favoring transformation 
of smectites to illites or chlorites. In both Scenarios 2a 
and 2b, temperatures above 40ºC are reached at Mt. 
Sharp, while only in Scenario 2b is this threshold ex-
ceeded at Yellowknife Bay.  

Conclusions: Mineralogical predictions for loca-
tions close to Yellowknife Bay vary with the choice of 
a cold or warm early Mars and the Mt. Sharp sedimen-
tation scenario. For (1), temperatures experienced by 
sediments should decrease monotonically over the 
traverse and up Mt. Sharp stratigraphy, whereas for (2) 
maximum temperatures are reached in the lower units 
of Mt. Sharp and thereafter decline or hold roughly 
constant. Under partial fill scenarios, evidence of dia-
genesis at higher temperatures is expected as MSL 
moves towards Mt. Sharp, with peak temperatures 
reached prior to the unconformity. Comparing our pre-
dictions with future MSL results on secondary mineral 
assemblages, their spatial variation as a function of 
location on the traverse, and age of any authigenic 
phases will constrain the timing and timescale of Mt. 
Sharp formation, paleosurface temperature, the availa-
bility and setting of liquid water on early Mars, and the 
organic preservation potential of these deposits.  
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