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Introduction:  The current push to go back to the 

Moon ties to the horizon goal of sending humans to 

Mars [1]. Entry, descent, and landing (EDL), a 

science-rich environment, and viable in situ resources 

will be critical components for any site selection [2]. 

The first human missions will emphasize high degrees 

of safety and a clear scientific return. Previous robotic 

surface missions provide this critical operational and 

scientific environment data well beyond orbital dataset 

resolutions. We assess the previously visited equatorial 

sites in regards to their safety, science, and resources 

for the first human landing site on Mars. 

Engineering Constraints: We adopt the orbital 

landing site constraints as proposed by [3] (Figure 1): 

1. Located between +/- 50 degrees latitude 

2. Below +2 km MOLA altitude 

3. ~25 km2 landing site area 

4. ~<10 degree slopes on average 

5. Devoid of large or concentrated crater clusters 

6. Mountainous terrain 

7. Broken/jumbled/chaotic terrain 

8. Extensive dune fields 

9. Exclude low thermal inertia regions 

10. Landing site is within 5 km of area for 

infrastructure (e.g. habitats, labs) 

These minimal constraints open up a large area of 

Mars. Previous rover missions, by design, meet these 

requirements with more than sufficient margin, e.g. 

latitude constraints were below +-30 degrees and 

elevation below -1 km MOLA. 

 
Figure 1: Engineering constraints for EDL based on 

orbital data. From [3], map from [4]. 

 

All surface robotic landing sites receive extensive 

orbital analysis at high resolution (25 cm/pixel) stereo 

and hyperspectral (18 m/pixel) datasets. Coverage 

includes contiguous orbital datasets sufficient to land a 

spacecraft within a 20x25 km ellipse. Mars missions 

with extensive lifetimes (e.g. the Mars Exploration 

Rovers (MER) Spirit and Opportunity, and Mars 

Science Laboratory (MSL) Curiosity) have collected 

ground truth over several to tens of kilometers both in 

and outside their nominal landing ellipses. In situ 

observations of rock density, soil mechanics, 

temperature fluctuations, dust opacity, radiation (via 

Curiosity), traversability, and cm-scale science 

insufficiently measureable or resolvable by orbital 

assets. Human-rated missions may require at least one 

precursor mission to evaluate the landed surface to 

reduce risk in science and engineering landing site 

analysis. For the first human missions, revisiting 

previously explored sites significantly accelerates 

mission planning by removing uncertainty or shrinking 

margins in design reference missions and EVA 

planning. With the in situ data we already have in 

hand, missions, campaigns, and hardware can be made 

that is responsive to both planet-wide and site-specific 

constraints. 

Insitu Resource Utilization (ISRU) Constraints: 

We adopt the criteria from [5] in evaluating previous 

rover surface sites: 

1. Access to raw material exhibiting 

potential for feedstock to generate water at 

significant quantities (>100 MT) 

2. Abundant small rocks and/or loose 

regolith for infrastructure augmentation 

(e.g. radiation shielding) 

While some proposed landing sites in [3] to go to 

highest latitudes limits between 35-50 degrees to 

extract water from the abundant near-surface ice, the 

Mars Water ISRU Planning study [6] found that 

hydrated minerals, which can be found at every rover 

site, are a viable alternative with similar yields over a 

larger area. 

Current human landing site selection processes 

support a strong desire for in situ resource utilization 

(ISRU) for the obvious reasons of saving launch mass, 

materials, and eventually changing from an outpost to 

continuous habitation [3]. Water availability is the 

critical factor for human use (drinking/oxygen 

generation), spacecraft propellant and other potential 

uses (e.g. fuel cell). Near surface water ice at higher 

latitudes represent a trade in operational 

safety/consistency compared to the three equatorial 

sites with hydrated outcrop. For example, the MSL 

science target “Rocknest” is 2 wt% water, so a cubic 

meter such material could produce ~32 L water [7]. 

Processing regolith also generates other valuable 

byproducts like sands for construction or other 

minerals therein. ISRU regolith processing capability 

would allow landing sites at all water-bearing mineral 

sites, which are the most scientifically interesting ones. 
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Evaluation: Our combined criteria are record in a 

stop light chart (Green is “criteria met”, yellow is 

“somewhat met”, red is “barely met/challenging”) 

(Figure 2). All three rover sites exceed the nominal 

landing site characteristics with large margins. Gale 

Crater has some mountainous/hilly terrain, but these 

areas are avoidable within the MSL landing ellipse. 

Similarly, Gusev Crater contains the rugged Columbia 

hills, which are easily avoided as demonstrated by 

MER Spirit (and further considered for Mars 2020). As 

for ISRU resources, no sites have near-surface water 

ice, so processing regolith would be required for water 

extraction. That said, the sulfate rich bedrock at 

Meridiani Planum could potentially release ~3-9 wt% 

water by heating to as low as 100°C [8]. At Gale 

Crater, the Rocknest location contains ~2 wt% water in 

the bedrock, though amorphous materials may contain 

up to 3-6 wt% that is released at ~300°C [9]. Hydrated 

sulfates are identified from orbit in Gale [10], though 

their water content has yet to be quantified. Gusev 

Crater also contains loose soils with ~2 wt% water [11] 

though opaline silica may release ~5-7 wt% at 500°C 

[12] as an additional water source. All sites contain 

various loose soils and localized cobbles for habitat 

construction, radiation shielding, or road construction. 

 
Figure 2: Engineering and ISRU evaluation chart. 

Landing site maps from H. Hargitai, NASA ARC. 

 

Other Datasets: All three visited rover sites have 

additional in situ high-resolution and long-term 

datasets like atmospheric opacity and tau [13]  

characterizing the insolation at the surface and impacts 

to solar energy production, a quantified thermal 

environment, and visibility for crew and robotic 

operations. Seasonal temperatures measured (MSL) 

and inferred via engineering telemetry (MER Spirit 

and Opportunity) are recorded over multiple years are 

available for surface system thermal designs and to 

evaluate what Mars seasons (Ls) are compatible with 

different landing systems. 

MSL carries the Radiation Assessment Detector 

(RAD) measuring the martian radiation environment 

(Figure 3) [14] over three Mars years now. RAD 

instrument data provides bounds for crew 

vehicle/habitat design requirements to optimize 

radiation shielding. 

 
Figure 3: RAD data from MSL [14] 

 

Beyond engineering, all three landed rover sites are 

scientifically rich targets and the copious in situ data 

allow immediate access to the richest targets without 

an extended field campaign. 

Conclusion: The three Mars landed rover 

equatorial sites offer an abundance of scientific 

diversity, benign operational environments, and high-

resolution in situ datasets for ISRU, EDL, and 

habitation evaluation. The cm-scale terrain details are 

invaluable to any human-rated mission to the surface. 

By utilizing our existing Mars operations knowledge 

base and in situ datasets, we can accelerate our 

timeline to getting astronauts on the surface to work 

safely and productively. 
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